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FOREWORD

youth I read Heinjein
~ if amazinc

H's years late r, and I'rn still , and it's
getting more exciting by the moment.

Unless you live in a cave, you're a witness to the
accelerating pace of technology. Some experts
believe the sum of human knowledge has doubled
every seven months for the last five years.

Other experts disagree . Their research argues that
the rate is every seven weeks. And then there' s
that group on a distant mountaintop that believes
that mankind has already learned everything we
need to know. But they're in the minority.

As for me, I want it all. Even if our knowledge
doubled every seven minutes r d say the same
thing, The tools for increasing and rnanaging our
knowledge become more efficient everv dav. but
what we disco ver is that the amount o(pos~ib le
knowledge is infinite, and as we zrow more
capable of col1eeting and proces sing inforrnation,
the more we realize how very little \ve do know.

But the situation is improving, and communication
is a major part of that improverneut.

Both Elephants and Jackasses are trvinz to take
credit for something called the "Infórm~tion
Superhighway," a road traveled by an
infinitesimal percentage of humankind.

Today, the nature of cyberspace access means that
only about 50 million ofthe world's people can
get there. So one limitation is that the population
of cyberspace is so small. Worse, access takes
special skills, and works so slowly!

You see, the Internet, Prodigy, Delphi, AOL,
Compuserve, and a near-infinity of BBSs all
eonneet their memberships with strands of copper
wire and fiberoptie cable.

That was advaneed teehnology in 1975, when
such systems were being conceived and
developed. It worked well, and it works today.

But our informarion has at least tripled since then,
; And the nex: ard \À,;i11 handle an

mdamentar physics l ts speed,
ie cannot even go tast enough to support

conventional ielevision Second, being conneered
to the world through a modem might he exciting,
but because that conneetion is a wire you're not
mobile! Worse, the interface to cyberspace is
hand-typed words: How exciting can it be when
you must sit down to enjoy it, and must use a
keyboard?

But in either seven days or seven years (or
sometime in between) a combination of wireless
and speech recognition will change all that. The
"rest of the world" wil! get hooked up not with
expensive and vulnerable eopper eables strung
from poles, but with wireless links to hubs that
uplink to satellites and then downlink into the
network. "Wireless?" It's cellular, Personal
Communication Systerns, VSAT (very small
aperture terminal), Personal Communication
Networks, Handvf'hone , Cellular Technolozv
Two 1\,-'1'2), and \vireless modems by the .....,
trucklead.

In this country, the FCe has allocated personal
communication frequencies in high UHF, in low 
microwave. and in mid-microwave. And the
industry is moving rapidly to provide the low
cost, high reliability, easy to implement
cornponents required by cost-effective hardware
designed for those bands. Specificatiens that cost
$50 two years ago are $5 today, and those parts
are not only cheaper, they're better.

What ean you expeet? I wouJd say "a wrist-watch
pager," but the new Seiko unit just hit the Jocal
market. How about a 5,4 GHz shirt-pocket
personal micro-communicator (MC). Like the
Newton, but with voiee reeognition instead of
handwriting recognition - and with a wireless link
to the Superhighway,

1'11 bet that (long) before the year 2000 you'l1 be
able to buy an integrated unit that's
simultaneously a personal telephone, data

...
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manager, tape recorder, answering machine,
pager, security system, shopping system,
newsgatherer, location system, address book, fax
machine, garage door opener, stock market
reporting system, weather data display, sports
information display, pet- , kid-, and wife-finder,
clock, computer, port to cyberspace, and coffee
maker. Okay, forget the coffee... Besides, the
coffee accessory makes it larger than a pocket
calculator, and the marketers say that' s the limit
we consumers will accept. And just who are the
designers of such wonders?

In 1960, if someone said he was an "electronie
engineer" you knew exactly who you were talking
to. For the past two decades (as information
increased by a factor of at least eight!), the world
has watched the electronics industry divide into
two separate parts: computing and
communication. Radio engineers and the
computer people each suspected the other of
smoking and eating red meat, and they rarely
talked face-to -face . Weil , that' s over.

The next generation of personal electronics will
combine these once diverse functions, leading to
yet another revolution in growth of information
and our ability to colleet and manage it. And in a
Darwinian way, the universities are already
spitting out engineers who can talk both topics !
The world is moving rapidl y toward goals that
few understand today... but some of us will
develop that understanding, and will take
advantage of it.

Now , what about you? Because you already
know how to spell "RF," can use a computer (you
can , right??), have one or more radios, are
technically nosy, and are very smart (check the
glossary under Hacker), you're a super candidate
for the new generation in communication and
personal computing. There's already a small
computer in your scanner, so the next step is to
hook it up to a bigger one .

Bill Cheek 's Ultimate Scanner differs from
scanners of the past by many factors. of which the
most important is the cable to a computer. When I
first picked up this manuscript I expected to see a

Cheek"': The Ultimate Scanner

prescription for a new sort of scanner that could
be built from scraps in my junkbox. But when I
reached for a VCO and a bag of GaAsFETs, Bill
slapped my hand away and told me that to have an
ultimate scanner requires only a commitment to a
goal on which the world electronic industry is
already spending billions (trillions?).

That goal is a combination of radio plus computer.
Okay, Bill's got me aboard. He's right... there 's
just too much information to handle with the old
techniques . I'm tired of 3x5 cards, scraps of
paper everywhere, and calluses on my
programming finger.

Bill says that this book is only the first in a new
series. Boy, am I glad! 1was afraid that "ultirnate"
meant this was my last chance to enjoy the style
and wit of that crazy fountain of knowledge. In
fact, it's my first look at the next generation of our
wonderful hobby: the marriage of the scanner and
the computer.

And who else but Bill could send us there? He
paid for your ticket! This book contains complete
plan s, procedures, sources, and parts lists for his
computer interface, and he gives us the software!
And if you decide to write the software yourself,
Bill will even give you the Software Developer' s
Kit.. . also free!

As Bill says, "it 's time to rev up your computer."
Have you got one? No? So what's your excuse?
If you don 't have a computer, maybe you can
trade in this book for a buggy whip .

And if you do have one, this book is the path to
the future of our hobby.

You're gonna love it!

HeHrl1 EiseHSO'1
LtCol USMC (ret)

Co-founder: Sciteq Electronics

Author: Scanners & Secret Frequencies
Audio Modification Mamlal
Rotary Wing Aerodynamics
The Television Gray Market

TraveîScan



IN1DROtJUCTION
Hot stuff coming down , Hackers!

A river of blood, tears, and wine cut new channels
in the land since my original Scanner Modification
Handbooks were unleashed. Laws changed;
technology changed; ways of life changed; and I
changed. You changed. toa .

A metamorphosis ripped through as a blur in some
areas , while others lagged and dragged . like
growing gras s and drying paint. Same were as
pleasant as a root canal ; others were as painful as
winning the lottery. Many were subtle,
unnoticeable . My life underwent some of the most
notabie of changes.

My two Scann er Modification Handbooks were
banged out on an Apple IIe computer with
AppleWorks software. I dabbied in c1ectronic
communications on a few BBS 's with a new
2,400-bps modem that ca st the better part of
$200. State-of-the-art modems were 9,600-bps
and priced upwards of $600.

Drafts of my Scanner Modification Handbooks
were printed on daisy wheel and dot-matrix
printers. In stark contrast, Tlie Ultimate Scanner
drafts were printed on a laser printer while others
were transmitted te the publ isher via thc Internet.
or on my BBS .

The Apple He gathers dust now, as a fleet of state
of-the-art PC's werk full time around mv shop
and home on a local area netwerk CLAN). Se';eral
computers are strategically located in my work
station alone, while Cindy and thc kids each have
one or more. A notebook computer floats around
the family circle to whomever needs it most at the
time. Sometirnes there is a scramble . We often
need two or more computers at a time.

At least one and sorn etimes two computers are
dedicated to rny scanners and electron ie
workbench . One computer runs the Hertzian
Intercept BBS , and tuncti ons as the LAN post
office and server to thc Internet - and to other
worldwide electronic forums . Our computers are
equipped with fax and conn eenons to the Internet,
BBS's, and inforrnati on services with high speed
28,800-bps modems. Some of our farnily
computers are "stuck" with cheap l4.400- bps
sna.l mod erns. The kids won't touch a 2AOO-bps
modem now.

are a'changing, and we hackers have na choice
but to go along because the nature of what we do
is to react to the communication industry. And,
overall, it's changing a lot, and rapidly.

Strangely, scanners haven 't changed much , and
the PRO-2004 remains a state-of-the-art receiver.
It may be the best scanner of all time. Differences
between the 1995 PRO-2ü35 and the 1986 PRO
2004 are less "radio technology" than appearance
and software. This is opposite to the progress in
the computer hippodrome, where there is no
comparison between 1986 and 1995 PCs! How
can the scanner and computer scenes be sa
dissimilar?

Scanners are not the only hardware on the Hobby
Radio scene to suffer from stymied progress.
Frankly, there has been little real advancement in
any aspect of Hobby Radio for nearly ten years.

The 1978 Cobra 2000 GTL and Cobra 148 GTL
remain the top runners on the Citizen s Band
scene. Ham radios come and go, but the top
performers of five and ten years ago remain
competitivc today. Shortwave radios haven't made
any quantum leaps in the last ten years. Radio saw
progress , but not Hobby' Radio...

Ten year s ago, cellular telephones were black
magie hardware, so costly that only the more
affluent could afford them and the service.
Nowadays, cellular phones are almost free.
Before long, cellular phones might be wam on
your wrist, like todays smallest pagers. You once
could recognize a doctor by his pager, but today
they're everywhere!

Cordless telephones have leaped into spread
spectrum in the 900MHz band . And SOOMHz
trunked radios are ever-evolving to higher states
of the art that help ba th industry and public safety
agencies run efficientiy and privately, VCR ,
ielevision. and home entertainment systems are
racing to keep pace with the technol ogy, and new
features appear every day as developers push to
produce salable innovation .

As I see it, the thrcad common to those areas
where radio is evolvinz at the highest rate is...
computers/ And that stands to rea sen. because thc
science of cernbinins comnu tinz and
communicution is lil; Ieadinz edge of
tech nological <ld \.ancemenL~SD ~vhy are n't hobby
radios advancing a, a comparable pace?
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I don 't know. Perhaps it is because hobbyist
cons umers are slowpokes on the computer sce ne .
Perhaps the casual hobbyist is sti ll content to
manually punch in 400 channels worth of
programming into a PRO-2006.

I do know that by and large, radio hobbyists are
not very interested in com puters , and most are no
more interested than they ha ve to beo Computing
and radi oing are pursuits in two different
directions ... o r, they used to be oToday, the y are
convergrng,

Busin ess and industry. ho we ver, kn ow a little
secret driven by econo m ics : computers contro l
corn munication systems more effec tive ly, and at a
lower cost. than humans can. Few hobbyists
relate to that.

Sure , there are exception s , and I am e ne. I wasn' t
alw ays computer oricnted, though . The Apple Ile
ar rive d in 1984 onl y wh en m y Selectric typewriter
went on the fritz and couldn't be cconomically
repaired. Th at Apple was barely more than a
gl or ified typewriter until about 1990, when I
began to see the light aftel' m y fin gers wore down
to the bone punching and poking scanner ke ys.

Now. not only do computers control my scanners,
but also the test equipment at m y work bench. my
security syste ms, and almost all of m y
com munication and rese arch resources !

I no longer waste gas, o il , and time dr iving to the
public library to look up information or to check
out bo ok s. I OW ll Iibraries now , in m y computers
and on my CD-ROMs. Furtherrnore , I have
ins tant co nnectivity to the libraries and othe r great
information storehouses of the world.

Before you get a nasty case of hi ves at the idea of
wrapping your brain around a computer, con s ider
thi s: j us t a few years ago I was among the
cornputer-illiterate !

Cheek?>: The Ultimate Scanner

M any of you call me a scanne r guru, but now, to
other groups, I have become more of a computer
guru . I'm not sure that I de serve either title, but I
did se t out in 1991 to teach rnyself about
computers. I met the enemy head-on, and
conquered. Me! You can, too. And you must. ..

Radio is po ised on the brink of ch ange, and unl ess
yo u change with it yo ur da ys of enj oy ing it may
be numbered. That ' s because radio has no t
ch anged much over the last few years, but
everything else has, and the status quo can 't last
much lon ger. Broadcast, land mobile, and point
to-point radio, as we have known them for the last
ei ghty years, are becoming less and less
competitive with evolving new communication
technologies, and the move is on .

I think that a combination of emerging computer
control. digital encryption, e fficient modulation
methods, better communica tion med ia, and
legi slation are forc ing radio as we know it to seek
a new bal ance.

Th at result is likely to include less radio and more
computer: computing make s it possible to use
radio channels more efficientl y. And the more
radios there are, the more congested the ch annels
become, so effi c iency is critica l because there is
only so mu ch spectrum . So computers and radi os
are getting married . and we're there for the
wedd ing .

Relax, thi s book is not about compute rs; it's about
the Ultimate Scanner. Computers just pla y a
crit ical support ro le . Now, look at the handwriting
on the wall.

Even some of my visually-challenged friends and
as sociates can see it. For you, it's there in plain
sight.

..&~~~~~ ttJidtJHe~ . H

H. Marshall M cLuhan



COMMUNICATING
Making Contact With Me (and the Rest of the Hobby)

Thats what radio is all about, isn't it? Before we
heat up our soldering irons and get into the world
of hacking and chopping our scanners, lets talk
ab out scannists helping each other.

COMMUNICATING WITH ME

Readers may reeall "Operation Assist" from my
Scanner Modification Handbooks, Volumes 1 and
2, in which I offered to help those having
problems with their scanner modifications. That
offer exploded in my face with a fireball of well
meant communication other than requests for
technical assistance. The volume of mail and
telephone calls got far out of hand, as I spent
hours every day with hobby chit chat, giving
advice for this, counseling for that, and negleering
the basics of running a business and a farnily I
had to fall back...

Except 'l1 the rarest of instauces (and dont count
smeking. mcited-down, scanner being

L)' . : can 't provide hobby tech support b:
·:-nc:~ ·t.~ -- ;-' or bv vc.ce telephone. In r:{(::;

case- v'. >:_~':I~~ a i.r..il v >.: the only pn..;sibje \\cty

to get assistance with a modification, I will
respond to questions that can be answered with a
simple YES or NO, if a SASE and a loose extra
stamp accompanies the request (foreign replies
required a self-addressed envelope and two (2)
IRC's). On the envelope where it can easily be
seen, mark "OPERATIüN HELP," which wil! get
it placed somewhere in the middle of the pile. If I
can answer your questions with simple YES's and
NO's, you'Il hear from me.

Take serious time to prepare your questions to
avoid answers that require a Iengthy dissertation.
research, and time. I simply cannot provide
custom advice, custom problem diagnosis, custorn
instructions, etc., by mail or telephone, and that is
all these two media offer: private, custom. one
on -ene exchanges of ideas. However. ..

1 want to help you address problems encountered
with your scanner upgrade efforts, but cornpared
to the past the communication rnethods must
chanze. First of all, please don 't waste vour nickcl
trvin~ to rcach me bv telephone. For th;ee reasens
I ~rn~10t available f,~' hobby talk by phone: (1) My
work is roe focused to permit the distraction of
corniug to the phone every few minutes "to
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answer a couple of questions." (2) The spoken
word is an inferior medium for conveying
technical information - there's no illustration I
might say something bass-ackwards and confuse
you, or your ears might hear bass-ackwards. Or
both. And, (3) I am hard of hearing. Mv ears were
made into notch filters by things that went bang in
and around Vietnam.

C;O"''''I.l'''~A'tI()N···PA'''H$

Though I won't use the telephone for hobby chit
chat, here are several methods (in order of
preference) by which you and I can communicate
on matters from technical assistance to hobby chat
to private confidences: .

ljertzian Intercept BBS: (619) 578-9247, from
):30pm-l :30pm - my personal BBS (see text)

FidoNet Public Forums: Any FidoNet BBS (see
text)

Primary Internet e-mail: bcheek@cts.com

Another Internet address:
bill.cheek@f731.n202.z1.fidonet.org - e-Mail

FidoNet address: 1:2021731 - Netmail or
Echomail (see explanation in text)

CompuServe Address: 74107,1176 - e-Mail, but
no Internet replies from this address

US Mail address: PO Box 262478, San Diego
CA 92196-2476 '

NO.TE: I cannot respond to hobby questions by
mail U1'oLESS questions are answerable bv a
simple YE? or NO. T~e clearer you are in framing
your questions, the higher the likelihood that
you'll get useful and timely answers. One Self
Addressed Stamped Envelope (SASE) must
acc~mpany such requests. No foreign SASE's or
foreign postage; they're no goad in the U.S.

My FAX number: (619) 578-9247 aftel' 5:30pm
but before 1:30pm, Pacific Time

NOTE: I cannot FA;'( replies to hobby questions
and requests for assistance. My FAX is primarily
~or busir:ess 'purposes _. to make sure I get
information in a time1y manner. Use it to SEND
info on hot developments or to submit items for
my monthly World Scanner Report, or even to
prepare me for a question coming in on my BBS.
But remember, the fax is generally a diode
because of cost,Jax information flows in one
direction only.

Cheek3
: The Ultimate Scanner

THE··.··HERTZJ.I·NiIN't.IICEP.,.··BBS
For several reasons, I like to help via my BBS:
(1) It saves time. (2) It saves me money. (3) It
saves hundreds of repetitions of the same replies
to the same question. (4) My cotton-bale ears are
no handicap in electronic communications. And,
most importantly, (5) it allows me to render a
valuable service to a wide cross-section of the
Hobby Radio Community - and that's satisfying!

You see, the tech support areas of my BBS are
public conferences where a single question and
reply can be read by hundreds of other hobbyists!
Don't give that much concern right now if you
don't understand this part of the concept. When
you need technical help, use your computer,
modem, and terminal program to dial and conneet
with my BBS. If you don't have a modem or a
computer. .. maybe it's time? If you do, then here
is all you need to know to make a successful
conneet with my BBS at speeds up to 28,800 bps.

Set your terminal program for B. data bits, NO
parity, and 1 stop bit: "8N 1." Even if you don' t
understand this, your terminal program wil! show
you how to make the setting. Also set up for TTY
emulation unless you know your system can
support ANSI.

Set your modem initialization string to "auto
negotiate" the highest possible speed. This is
AT&N0 for s0I1!e modems, but check your
manual. Otherwise, enable v.32, v.34, or v.42.
Disable MNP-5. If you don't know about these
things don' t be concerned; most modems and
terminal programs are smart enough to negotiate a
g~od connection. Most modems today comply
with the standard Hayes AT commands, and if
yours does then the following applies, and your
modem manual should have evervthing you need
to decipher it. .

Include in your modem init string the following
commands: S7=90 S9=30 SI 0=30. If your
phone ha~ "CAL~ WAITING" service, set your
modem dial prefix to: *70,. Here is a good init
string for many high speed modems:

AT&F&Cl&D2&N0S7=90S9=30S10=30

Dia! my BBS at: 619-578-9247, but not between
1:30-.5:30pm, weekdays Pacific times, when the
BBS IS closed.

Once you conneet, log in, and are presented with
"The Opening Menu," my system will take you by
the hand and guide you.
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Your major benefit from using the Hertz ian
Intercept BBS is that I prepare and post most
replie s within 24 hours of receipt. Call one day
and check back the next for a timely and pertinent
reply .

Most repli es are posted by noon.

something in the next few pages that may be more
valuable to you in the long run than the rest of this
book . Give it serious thought!

COAfAfUNICATING ·WITH THE ,RESTOF
THE .WORLD i'.,-: ".

A fair question. There are a number of wavs to put
information inro your comp uter and thore's no .
escapj n ~! tbc [act thai the lask can resembJe that of

On the other hand. a virtual treasure trove of
inforrnation need he /10 more distam than vour
com puter and onlv seco uds awav frorn vour eves
and mine! . · - . " .

Consider how it mizht take several minutes to
research a eertuin scanner frequency in Police Cal!
and ether directo ries but onl v a few secouds frorn
your cornpurers mCE10ry b~n k s . ..

' Okay," you ask, "a computer is dum b until ir is
prograrnmed, so how do Î get the data in the first
place?"

As you consider computer Bullet in Board Services
(BBS' s), let me share some inside scoo p on a
massive resource of ideas, information, and
opi n i~ns on hundreds of subjects, including
scanning and shortwave listening! I hope this
section motivates you to put a computer on the list
of tools that support your radio hobby. It might
weIl becom e more useful and reward ing than
some of your radio equipment!

Y?U may wonder how you managed to play radio
WIthout a computer. The personal computer has
opened doo rs to all areas of hum an pursuit thank s
to autornated information processing, and an
enormous volume of instantly available data and
information.

The five-persen office of todav does what it took
f ifty to do 25 years ago, Today's serious radio
hobb yist , armed with a computer and a modem. is
better prepared for a Irontal assault on the
airwaves than an entire radio intellizence
derachment in Vietnam! There are ~an v reusons.
including rap idly adva ncing technolozv, but
ACCESS to information is the focus ei this
argument.

You see, inforrnation ex ists evervwhere. but
getting re i! C lJ1 he worse tha n ha-ving vour reeth
p~d l e~ with a pai r of rust] pliers. Everi' public
libraries, traditional storehouses of information.

i are rarely convenient and acccssible at the precise
I '110ment you need a bi l of dat'..

I
I

i
I

I

I
I

I am also accessible via E-Mail on the Internet ,
Compuserve, and FidoN et. I will rarely provide
technic al assistance over those media because of
their one-on-one nature , which makes it tough to
help as many people as possible given the limited
~ons~raints of time under which I work. Keep that
In rnind, and use the Hertzian Interc ept BBS for
questions and technical matters that can benefit
others , toa .

Here 's one other benefit of a public message
con ference such as mv BBS: there are times when
I will either not know the answer to vour
question , or give an incorrect onc. Y"ou can bet
your sweet patooty that someone will ju mp in
tt~ere with the right answer or a different point of
View. The result helps all of us.

None of this is intended to discourage al! mail
centact s. Ta the contrary, I conduct much of mv
business b~' mail. But more importantly, I really
appreciate rt when people have somethinz to offer
me ~y way ~)f. new circu its, tips, concepts, ideas,
etc. [ he mail IS a way for me to keep on top of
what people are doing. thinking, and discov ering.

My mail box is always open where the comacts
and exchanges are mutuallv beneficia] BUl when
benefits are onc-way. I have to use the Hertzian
Intercepr BBS and ether public forums. Ptcase
cooperate.

lf you dori ' t have a computer and modem and
aren' tabnut to ge! one, for waarever reasen.
you' Il no t find me verv svrnoatheric, but at least
try ta gel sorneone with s'uch facilities to contact
me on yo ur bchalf if you nced reehu ical help

There is yet another way we can com rnunicate:
computer conf~ ~enci ng ~ Several amateur computer
net:vorks r r.0VIde hundreds of specia l-interest.
topical conferences or forums wherebv neonle

• ~ 1. r

trom everywhere and anvwhere communieare
about their favorite subiects.

Ta access this wondertul medium, you need onlv
a c~:nputer . a modern , and an appropriately 
affl ilated BRS in your a r,~ a. I \\' il! tcUyou about
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assernbling and maintaining a home !ibrary of
books and files. I said " resernble." Acruall y, it's a
lot different in act ion. requiring much less energy,
time. space, and cast.

One of the most effortl ess and least costlv
resources of inform ation for your computer files
can he found in that public netwerk of computer
bulletin board systems called the Fidolxet.

FIOO!

A Iew computer nerds. led by Tom Jennings in
1984, srarted a smal! message netwe rk amo ng
thcir personal computers. Word of their effort
spread like wildfire . Their system evolved into a
world wide network of 8.000 nodes by 1990,
14.000 in 1992, and over 33,000 participating
BBS 's with dozens in every metropolitan area, as
of this writing.

FidoNet vaguely resembles Citizen s Band and
amateur radio in the sense that it provides a
medium through which thousand s of people
communicate with others of like interests across
city, state, country , geographic al. and politic al
borders. and even oceans, all from the comfort of
the home or office .

If you have a telephone line, a computer, a
modem , and software to run the communication
link, then the cast to tap into this leviathan
storehouse of information mal' be nearly zero.

You need only log on to any FidoNet BBS to be
connected into this worldwide network. If that
BBS is within your local calling area, there is
usually na cast at all.

You see, the FidoNet is made up of amateur
BBS's around the world, with almast 19,000 in
the USA and Canada alone. Amateur? It is
expressly forbidden to use the FidoNet for
commercial purposes.

Therefore, if you can find a Fido BBS in your
local calling area, chances are you won't have to
spend a dime to link up with the world !

FidoNet SysOps are private citizens, and ju st like
you and me are very dedicated to their hobby .
They pal' for their computer equipment and phone
casts just like we dig into our pockets for radio
equipment.

Most BBS 's have FREE (or low cast) access and
therefore, through thern, you can conneet with the
world without making a major investment.

ECHO

Think of FidoNet as a CB radio with over 800
channels or "Echo Conferences," each focused on
sorne special interest topic .

One "Echo" in which you will be keenly interested
is called SCANRADIO, dedicated exclusively la

I VHF-UHF scan ning. Another. called
SHORTWAVE, fOCUSèSon Shortwave Listening
(SWL) and VHF- UHF scan ning.

Other "Echoes" are dedica ted to ham radio.
broadcast radio, satell ite TV, knitring, coffee
lovers, law, medicine, arts, crafts , etc. There are
Echoes for religion, polities, adult subjects ,
recreation, travel . computers and, of course,
hundreds more.

Those in which we are interested are called
SCANRADIO and SHORTWAVE.

No single FidoNet BBS carries all of the (800 or
more) Echoes, sa you might have to explore a few
BBS's befare you find one that has SCANRADIO
and SHORTWAVE,

You might not find local BBS's that carry these
Echo es, but don 't despair; you have options. ( 1)
callother Fido BBS 's in nearby toll areas . If you
call at night , to!ls are lower and Iess painful to
your budget, or (2) contact the System Operator
(SysOp) of each BBS in your local calling area
and ask if he/she will carry the SCANRADIO and
SHORTWAVE Echoes for you, or help you find a
BBS that does !

A primary objective of a FidoNet BBS is to carry
Echoes that appeal to its patrons, The SysOps will
usually be open-minded to your request. SysOps
are supportive by definition, and pretty much
know each other and which Echoes are carried by
the various BBS 's.

Here is a scenario that shows a working FidoNet
Echo conference:

I log into my BBS every moming to read all the
new shortwave and scanner messages that have
come in during the preceding 24 hours (typically
several hundred). When there is a message of
interest to me, or one that needs my response, 1'11
usually compose my replyon the spot.

Throughout the dal' , my BBS electronically sends
the day's traffic upstream to a "Hub,' that in turn
dump s the traffic from a number of nodes like
mine further upstream to a "Host" (a server ), that
dumps this greater volume of traffic into a "Star."
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The Stars then pu sh all that traffic onto a link we
caIl the "Backbone," that connects to the various
"Servers ," "Hosts," and "Hub s" and in turn, back
do wn to the "Nodes."

Each Node can be programmed by the SysOp to
carry just those topics that are of interest to his
group . In my case , most of the topics are ob viou s.

So if I send out a message today , it wiIl circulate
throughout the worldwide system during the day
and that night so that everyone who participates in
the SHüRTWAYE or SCAc""l"R ADIO Ech oes will
see my message the foll owing day or tw o.

lf a reply is made at th at time. 1'11 probably receive
it in the next couple of day s.

DON'T WORRY, BE HAPPY

If it sounds cornplicated , re lax.

You don't reall y care how it hap pen s. Al l you
have to do is read the daily messages that interest
you, an d rcspond if and wh en yo u want to. ft will
come to vou . aftel' a few sess ions, how easv it can
he to interact with thou sands of other radio
hobbyists .

YOLl will find people fro m all walks of life
participating in the FidoNet conferences, includinz
experts , deale rs , and vendors. an d " Whos Who"....
techn ica! pcopl e right down to thc greenes t
neop hyte s . They ' re all we lcorne ~

Again , relax . W ear any clot hcs at all - or no thing.
[t's an intermal se tt ing where the nc wbie and the
salty expert are on equa l foot ing . Part ic.pation in
the SHORTW AVE/S CANNER Ec hoes is a grcat
way fa piek up the insidc sc oo p on everything in
radio . fr orn what's hot and what 's no t. to hint s ,
tins, tricks, and answers to vOU!" most profound
questions about everything [rom Antenmts to Z
matchers.

In addirion to thc publ ic mexsage sysrern , Fidoî-let
also has a se m i-private "Netlvlail' sysrcm that Iets
SysOps senei E-M ail between the rnse lves. off IO

tbc side and away 1'r0111 the public messa ge areas.

Manv SvsOps give their users NetMail priv ile ges.
toa : ~ zreat se r~' i ce . Fidolvet 's Netïvl ail svstern.... is a
lot lik; 'E -tvla il in other information services; a
handy, quick and easy wal' to commu nieare '1', 11h
e thers o n a reasonably pr ivat e basis.

S0111e SVSODS restriet NetMail privile2.cs. m ;"lk ing
it unaváilabÎe on yom BB S.lt 's the SysOp's 
choice .

Less known , but extremely potent, is FidoNet's
informal "library sy stem" called the FREQ or
"E ileREQ ues t sy stem." Most BBS's maintain
large data file storagc are as fill ed with everything
from freeware and sharew are computer programs
to treasure troves of information on various
subjects .

Since radio is a hobby and a pursu it of specialized
interest, most BBS's don't stock radio related
information in their File Sections unless thc
SysOp is a radi o buff like us.. .

BUT, there are radio-exclusive specialty BBS 's
around the world that stock hundreds of
megab ytes worth of radio infonnation on every
subject you can think of, with product reviews,
mod s, and frequency lists .

If you kn o w w ha t to as k fo r and where it can be
found, you might get your SysOp to obtain dat a
for you using FileREQuest (FREQ). You can also
ge t files directly , once yo u know how . T hink of
thi s fi le sys tcm as a huge " library" syste m that ca n
he ope rated right frorn your keybo ard.

If you just can't fin d a Fido BBS in your area,
se nd us a SASE and a U .S . dollar to defrav casts,
and incl ude your telephone Area Code. W~ will
prepare a lis t of F idoNet BB S's in your Area
Code, arrangcd in te lephone number order so yo u
can deterrnine which are local from yam phone. It
is a goud bet that you'l1 ge t 1Ü to 100 or more
from which to choose ' For examplc, the Mich igan
(3 13) Area Code has more than lSOFido BBS's;
my (6 19) area code has o ver 25ü !

This introduet ion has onlv se rarcbed thc surface of
the Fido Ne t and how it can be used to enhance
your hobby pleasure - the deta ils will appe al in
another book - someday.

You jusr have to try it fo r yourself. You'll sec.
And if YOl! have anv trouble . Je t me know and I'l!
try to smooth the w'ay Ior you . In summary , let
me just say that the F idolver and a computer can
brinc a worldwide radio dub richt onto vour
dês~~top along w ith a huge library of help and
data.

Eve rv rnornina, I rise to a stcami nz cu p of Ires h
zround Colo111bian Supreme coffee and a
~oundtabl e d isc ussion with radio en thu siast s
around the \..orld h om The Netherland s. E ngland.
Germ an v. Australia. Canada , an d all 50 of the.; ' ,

United States.

Even as Tawake r.. a wealth of info and da ta lies a l
my fïnge ni ps. All tbis and inuch more can be at
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YOUR fin gertips, too! Ir this do esn 't motivate
yo u to j oin the FidoNet Radio Gang, teil me wh at
will!

Did you think Fido is all we ha ve?

FidoNet is smal! potatoes in compar ison to the
behemoth Internet! I' rn not going to say much
about the Int ernet because if you know about it.
you're either all se t or (gasp .') don 't wam anythi ng
to do wi th it. And , if you dont kno w about it.
then the Internet is no place for the entry-level
mode rner to launch h is firs t great Adventure.

You wo uldn' t start yo ur foo tball caree r at the 50 
yard linc, in a game between the Dall as Cowboys
and the San Francisco 49 ' ers , now would you ?

The Fitlolvet is a fin e tooI for neophytes and
ex per ts alike - you ca n quickly learn the ropes,
and then it provides a le vel p!aying field. St art
there and you' IJ go places, and one of those places
(eventuaIJ y) might be the Internet.

THE INFORMATION SUPERHIGHWAY

It 's a popular buzzword, but with little practical
meaning because the concept is so mind-boggling.
Simply put , the Inform ation Superhighway is the
path to the Information Age. lt s potential impact
exceeds anythmg Humankind has ye t ex perience d .
Now is the time to rev up those data engines ...

Computers, modems , FidoNet. and even the
Internet are but back-alle y tributaries to the stree t
that lead s to the boulevard that run s into the
thoroughfare that feeds the Highway. You ain 't
seen anything yet, Bunky. But here's a teaser:

It' s the best of several worlds. On the roof of my
shop is a 2 ' diameter sa tellite dish antenna that
focu ses into a 0.8dB NF/55dB-gain Low Noise
Block downconverter.

Out of the LNB runs 75' of RG-6 cable into my
radio and computer lab where it conneets to a
nondescript el-cheapo satellite receiver. That ' s the
radio part.

The special satellite receiver decodes a continuou s
data stream from the G4 satellite and sends it to a
serial comm port on my computer, where the data
is processed and mad e available fo r use.

That data stream consists of a wide variety of
inforrnation, from we ather maps and forecasts to
"USA Today" to the late st shareware & freeware
software to newsgroups from the Int ernet to all the
domestic and international message conferences
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from the FidoNet, inc luding the SCANRADIO
and SHORT\\!AVE Echoes, and several oth er
major networks.

And that ' s just one of the many onramps to the
Hi ghway.

MASSIVE INFORMATIONOVERLOAD

As a matte r of fact , as much as 100 megabytes
(M B) of data and files corn e into my sys tem daily.
Same is radio information, my primary interest.
Other da ta relates to computers and co mp uting ,
my secondary interest. Some data is for my kids
to use in their schoo lwork .

I can ' t begin to overstress the value and need for
computers to keep abreast of all the latest in our
rad io hobby ! You mi ght th ink your subs criptio ns
(0 the World Scanner Report and maybe a few
other magazines like Popular Communications,
Monitoring Times , and a ham rag or tw o are
suffic ient. Sorry, my fr iend , but they are no t even
cl ose to adequa te if yo u take yo ur radio serious ly.

Our minds can onl y process and store so much
information befare overlaad paps our circuit
bre akers!

We nee d tools with which to process and manage
ever-growing volumes of data . The computer and
a modem are two of tho se tooIs! To be perfectly
blunt about the whole matter, folks, I see an end
to some paper/printed informati on in the future.
Here is one reason wh y:

I have 45-50 CD-ROM data di sk s in my computer
library which contain things like the entire Fee
USA frequency database.

There ' s more than 70 ,000 freeware and sh are ware
programs, several encycl opedias, hi story
reference books, so unds, dictionaries, videos ,
mu sic, fiction and non-fiction books , and other
huge volumes of information.

It really is a lot like having a city library at my
fingertips.

But what to do with it all?

That's where the computer enters the picture - do
you see now? A massive library at our fingertips,
mld a method by wh ich 10 access and correlate
data from the tiniest piece of information to the
most voluminous five-dimen sional database!

A publ ic Jibrary at your doorstep is one thing, but
you still ha ve to be able to use it! The personal
computer offers both the library and the me ans by
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which to access it. A medium sackful of CD
ROM' s can contain more information than the
paper in many libraries!

WHY PAPER?

The sheer cost of paper, plus the cost of printing
and storage, is another reason the Information
Highway shouJd become next century 's
replacement for paper. Next century? Of course !
Society doesn ' t turn on a dime.

Our present system willlast weil into the 21S..l

century, but mark my words, it will change, and
the changes have already begun ! Even now, many
books are publi shed on CD-ROM, or
downloadable from online services! Never again
will I buy a $500 encyclopedia. I have two on
CD-ROM that cost Iess than $ 100 combined, and
yearly upgrades are a lot less than that !

When someone asks me a question by mail or
over a computer network, it might take a lot of
time to research the information from books and
papers .

If that informat ion exists in database format in mv
CD-ROM library or on my hard drive, I can .
usuaJly have the answer ready within seco nds.

MAKING INFORMATION ACCESSIBLE

This is a good opportunity to offer not so much a
crit ique of the present as a sugges tion Ior the
future. Let ' s start putting the meat of eertuin
reference books. like frequency directories. on
computer disk!

Already in my librury are several hooks. most out
of the computer industrv, that carne w ith :1

supporti ng floppy disl.J

lt is high time that data/i nformation books like The
wor tdwide Acronautical Comm unications
Frequency Directory, Top Sec rei Regist rv of L'S
Go vcrnm ent Radio Frequcncies. Po/f ee Cu!Ï. et

al.. include a computer database compiling their
informationl

Here' s why: when a eertuin frcqucncy directory
appea red for I11 Y review in 111\' mail box one dav.
my Iirs: impression \\' Ze;. "Ohno. not another .
book 10 !,ead l

" ,~~ n d it lal' m ruy in basket tor
several ,: r, \, ~ bete re tI oncned ;1• _ ". 'l,..;.U .. _J \,. . ..... 1 ... ' ....1.i\., ..... '.. . ~ .

! don ' t have T IME ;" ic :ld and researc h books, tor
Pcte' s sak.... : Whcn I necd mforrnation. j want te
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turn to a disk or CD-ROM, hit a few keys, and
have it in hand ....bzzzzzzzzaaaaaap! Like now!

Bzzzzzzzzaaaaaap the Information Age has
dawned! Let 's step to its beat! Ratttta-tat-tat-tat
tat... Rattrta-tat-tat -tat-tat. Get in step or be left
behind!

'NFORA!A,r'ON SUPERH,QHWAYAND
SCANNERS!

A computer and a modem are about the only way
we can get togeth er as a group at one time. It is
being done, folks, and it -s the biggest thing since
radio itself, this computer communication
business. I don ' t have a feel yet for the percentage
of computerized monitoring posts, but I get a
steady stream of mail from people who would
rather fight than switch .

Every holdout will eventually stop holding out 
and get that computer. But if your computerphobia
cont inues after all that I have said, let me invite
your attention to your VCR, your washing
machin e, your car, your TV and stereo systern...
and YOUR SCANNER, all of which contain
microcomputers.

Get real... if you ' re holdin g out for any reason
aside from religious belief or eco nomie factors.
then you 're not being honest with yourself. In
fact. you' re chea ting yourself"

JUNQUE WORKS!

You can get a clunker on which to sharpen your
teeth for 5200 or less. I bought an old NC R XT
clone with a 40-MB hard drive in late i 99 1 for
5200.

ll ' s <ti l l in use as a cont roller Ior mv scanners. and
though it' s doubtfui anyone would -buy 1t for SSO.
it runs my CE-2 32 Scanner-Computer In terface
and PRO-2006 j ust fine .

Toa aLO TO LEARH?

/\./0 ,'

You ' re net too o ld to lcam these new tr icks.
either, A nurn ber of the visnors la mv BBS ale
sent- "n el octoscnarians ' 0 ')-' savs hl>" xo o ld he. ~ t- l l . • ~ . 1 '\,. :::: • , .... . \ . _" . I .... .: ) ( ~. ' . ". .. •

doesnt hu)' green bananas anyrnore.

Even if vou don'! we icorne the trouble of learninc
, :)rnethil:g ne w. the pain of learn ing computers '
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gets to be weirdly pleasant aftel' a while. 50, if
you are holding out, you're missing out - and
that' s all I' I! say on this matter as we dri ve ahead
into the lnformation Age - dodging the roadk ill on
the Superhighway.

YES, YOU REALLY NEED A
COMPUTER!

Now , the rest of this book is a monolog. It' s me
talking to you, and you're stuck with that. But
throughout the book there is one messace that
should come across loud and clear. and you' re in
no position to argue. lt ' s simple.

The computer age is here, and computers are an
integral part of communication, and of the systems
that achieve it. That includes your scanner, folks.
Remember, at the other end there's a transmitter,
and sure as shootin' it ' s either got computerized
controls or is somehow managed with a computer
interface.

Cheek
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It's time, Stop waiting for prices to come down.
Get that computer, buy that modem, and get into
the circuit, for two reasens. First, you will get
better inforrnation, and more of it, and on a more
timely basis, if you use the BBSs and other media
that are available to you only with a computer.

Secend. theres the little matter of whether or not
you would enjoy having an Ultimate Scanner..
Throughout this book you'll read the same
message. over and over.

A CRITICAL PART OF EVERY
ULTIMATE SCANNER

IS A COMPUTER!

Ladies and Gentlemen, bite the bullet and start
your computers! Without one you'll have to
compromise, because - by definition - the
Ultimate Scanner includes a computer. ..

Scanner Queen?
Behind every great man there's a woman... in this case, holding a
microphone. This, my friends, is Cindy!



WHAT /S AN ULTIMATE
SCANNER?

Hold on, now. When I tel! you, you might not
like the answer. It win possess enough of the
following qualities to make your blood run cold
and give your spouse a nasty disposition:

1. Goshawful costly - 5 figures, at least

2. Humonguously huge - 8-cu ft and up

3. Monstrously heavy - lOO-lb plus

4. Butt-ugly - ifyour dog looked that bad, youd
shave his butt and teach 'irn to walk backwards

5. Obnoxiously smelly - please don't ask

Reallv , vou should determine for vourself the
comrnodities, features, bene fits, capabilities,
looks. size, and economics that would, if vou had
them in your scanner, make life exceed your
fondest drearns. WeIl, fantasies are over. so make
a real-world list of the things you've only wished
for in your scanner. V/hen you can't add to that
list anymore, you will have laid the groundwork
for the Ultimate Scanner. The next step is to arm

yourself with my first two Scanner Modification
Handbooks and perhaps the World Scanner
Report. These publications wil! give you the
warm-up exercises and preJiminaries that it takes
to go for the gusto.

But, yeah, I know... you want to learn what I
think it takes to make up the Ultimate Scanner.
First, vou have to understand that it doesri't matter
to mehow costly , huge, heavy, ugly, andJor
smelly it is. Those are incidental characteristics
that have nothing to do with performance, and
aren't factored into the equation when I set a goal.
Performance and functionality count. Nothing else
does.

You want the meanest, nastiest, most formidable
scanner around? The one with the biggest teeth? I
can assure you it's going lo be big and ugly. For
practical reasons, though, we will minimize the
weight, cost, smell, and bad habits. Here are a
few of the functionalities and features I demand of
my front-line scanner.
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COMPUTER CONTROL

I used to be gooJ at hand-prograrnming my PR O
2004 with its smooth, slo ped, tact ile-fcedb ack
keypad. I cou ld ge: 400 channels programmed ar.d
runnin g alt er onl v two or three hours' work .
Somet ii-ne:, . though, I made a mistak e back in the
first 40 channe ls and skippcd an important
fr equency rhat belonged on ly there . (G loorn l ) This
to reed me to choo se hetwee n repenting the elfort
or acccpting a fla wed pre gram. Nasty? Sure. hut
thc alternative is ro take en ough time to avoiel
mistakes in the firs t place ... Hours!

YOI Hey! Scanning is supposcd to be fun. right ?
Wei l. in this da l' and age. scanners with more than
50 channel s that lack computer control are like
outdoor port ies, with corncob s. and Rears &
Sawbuck catalozs. Theres absolutelv no excuse
to r such de s ign~. hut of the 40 0+ scánners
nroduced to date. onlv a few have anv excuse Ior
:1computer control port: the AR- 300Ó, AR-2515.
:\ R-2500, T R-4500. and {v1R-S l00 and none of
these ar::: \\ hat I would ca ll "good" computer
,:on trol.. theyre more like afterthou gh tx. L1Ch
and evcry one of which I am aware has
defi ciencies in thc implementation of the pon or
the accompanyin g software or ba th. 1 guess
theyre better than nothing. thou gh... and at least
these manufacturers tried. In manv irtstances of
co mputer-co ntro lled radios. especially shortwave
and ham, software is not include d, period. Yup,
out zoes another $50-$500 for the software vou

~ .
absolutely gotta have.

I li!) mv har to Elect ra Beurcut for their earlv 80\
efto rt ':vÎrÎ1 thc CornpuSca n .2 ]00 ( ' think it"w:,ls
c.i l lcd; I never had one anc! 1don't thi nk ir -; [(lycd
C i i the market very long. but that co ntrap ti(\!1w ~: s

ck siglled from the gn)Uild ! iP ~h ~ l compu ie r
l', l1ll rulkd :.; -.: anner. {lJL' lie '. c it rcqu ll'('cj ~ :

Co mmodo re 64 to run ir. :\ ll W ,hen.' is a s u rgl~ ~)f

inrcre.q in this uld clunkcr around the Cl) mjiuleI
llèlworks as hobb: i~ t s try [ ( 1 huy onc. 1f ) ou il:i\C

,:ne. there i~ a mark et for i t.

l 'n l tlt: n' _~ unI\' ~ I[b\\ er 10 thc Co mpuSean ;ttk r
lIK' \' hO Ll ~h t c;ut Ek etra BCJrcat was t iK' :\ lR-S:00
ol ~ rew'~'c ars a2:o . It was dö iEned more ror the
C0I1 1m Cl\:";al m;lrkct \\he n:: app~;rcntl y it wa~ a....
\\ :11mly recci\'ed a:.; llic~ at a \\l'dd ing . Su lhc r..'lR
X100 was dumped onto the he)hby marke r whe rc it
gcnera!ed !! !tk Jdrena linl~ .

Thc proh1cm with thc currcnt Cl\ lP of COl1i P U[,T

:llterfaced radio s is that they don 't do anvth ir~i:

much right out of the box e"xcept make you wTsh
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1'01' more . As soo n as you spend more money on
hardware and software, then things start to
hap pen... magically. Be-vare, what works with
one inte rface on one radio might blow sernething
lip in anoth cr . Sca nners are a different breed
altogeth er. For the most part. if you want to
interface one of the more pop u'ar scanners to <l

computer. it ' s aoinz to take ,[ 3rJ party add- on
package . of which ~everal ,'re Jlt);;: ing around .
Again. theres nothin g cornpatin!e oerween thern
and they vary as night and day III what they can do
and ho w they do it. Th is book is go ing to dedi cate
so rne space to show ing how and what a computer
scanner interface should do. Ir' s time for the
manufa cturers to wake up and give us what we
want: a meaningful relationship (between the
sca nner and the compurer i .

ELEMENTARY INTERFACING

At a minimum . a computer interface should 1)(~

ah Ie to A utol'rozrarn the scan ner' s mem ory
channels frorn a~pIain ASCII tex t file with the
simp lest of software . No propr ietary formats : no
sophisticated database managers ; and yet the plai n
ASCII file should he in such a form at as to be
easily generared and read (exported and imported)
bv most anv database manager or text edit or,
sop histicated or not. Were ta!k ing about a publi c
dom ain file form at called "comma-delimited
ASCII." Here is an exarnple of the instruction that
will program three ch annel s of the PRO-20ü4/5/6
with the CE-232 Scanner/Co mputer Interface :

•.3 8,158.970 , n f'm ,0, L,

,3 9. 158.970 ,a m .D.

AO.158 .970.wfm. ,L.

I, . ll1\ [hin g there hard to undcr.;tand ') Thc first text
lin t.' foad~ C:h,trI 11el 3;:: \vith t:îC frequency 158.970
\1 Hz. sets the 0:F\l m\)de , sets the De!ay
fun C\ lon. Jn d LoeksOut thc channe!... the same
progr am t'U l1c tidlb appear on the keyhoard,of t~1C

scanner' Th:' seconJ Ji ne ,i , ~~ s thc same [hIng lor
channel 3'). '2xcept seiech thc r\ \ l mode and dOèS
not Loc kOu: the channcl. The thire! line repe dts tht'
j)w ct'ss l'0r char1ll c- ! 4(), but lt sets thè \VFM mode
~\'it h out DeLI\' . and L.o,:ksOu: thc cl1annel. Fm
clèr;li is on lhlSj dicy suhject. go to Chap ter 8.

Thi s \\ ,\, i:1i endcd to ~ i vc vuu a basic iclea of hew '
Lln compl i c ~lteJ ~l computer"interface 's operaticJl1
c.m he: hLiek l1l'-l9:ic ineantati ons are usualiy nol
requ ired . A J cad-chicken at midnight rnight help a
littIc bit. maybe...



What /S an Ulti mate Scan na'?

A computer interface for the Ultimate Scanner
should also be able to read data from the scanner
and pass it to the computer for processing. In
other word s, a two-way street. The data generated
by the scanner should consist. at least, of each
variabIe that appears in the scanner' s display:
Channel , Frequency, custorn settings of Delay.
Lockout, Mode , Bank, etc., as weIl as Date ,
Time, and Duration of the logging. In other
words, the computer interface should he able to
Autolog data from the scanner, and the computer
should be equipped with a simple but powerful
program to perfarm the task. I could go on and on
here, but you get the idea.... ? Todays scanners
need to be controllabIe from a computer, and the
computer needs to be controlled ... by you. So bite
that bullet!

You' ve read a lot of accusations from me 
pointing out the absence of computer competence
and courage of some of my readers. If the shoe
fits, wear it. If yo u' re already aboard , howe ver,
think back to when you finally took that leap and
bought your first TRS-80 (Level 1) - and have
pity on those I'rn goading into takin g the same
step.

PROGRAMMABLE MEMORY

The Ultimate Scanner will have programmabie
memory channels; a lot of them. 400 is an
absolute minimum and 1,000 isn 't too many. Say
what? Weil , in San Diego County, where I make
my home, I have identified over 20,000 active
frequencies between 500 kHz and 1300 MHz. If
your scanner is equipped with a computer
interface, the number of memory channels is less
important, but I still call 1,000 a minimum.
Programming, whether by hand or by computer,
isn't something you want to spend a lot of time
doing, right? Sa the more memory channels in
your scanner, the less programming you 'Il have to
do . My TurboWhoppers are configured with
25 ,600 programmabIe channels. You' 11 see why
(and how) later in this book.

Scanner memory bank organization is also
important, but manufacturers just haven 't caught
on yet. The new PRO-2035 comes with 1,000
channels organized into ten banks of 100 each.
Ridiculous! The 2,016 channels in the TR-45oo
are organized into 62 banks: that 's much better.
Frankly, the Ultimate Scanner should have 1,000
channels organized as 100 bank s of ten channels
each . Don't hold your brcath , though . Scan and
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Search banks are controlIed by the firmware in the
CPU, which we can 't alter, or even access. We
can' t do much about that. but the manufacturers
can if we make enough noise.

The primary advantages of my 6,400 channel and
25,600 channel Extended Memory Mods is not the
number of channels: rather. it is the flexibility of
programming and organization . My 6,4oo-channel
mod s offer 16 blocks of 400 ch annel s each, with
160 bank s of 40 channels each. Mv 25.600
channel mods offer 64 blocks of 4ÓO channels
each , with 640 banks of 40 ch annels each . The
numbcr of organizational sub-l evel s between total
number of channels in a scanner and each
individual channel is an important logical
separation to the human mind . Radio Shacks
PRO-2035 with its 1,ooü channels, 10 banks with
!00 channels per bank is an operati onal failure,
The PRO-2035's human interface is extremely
dysfunctional, inefficiën t, and unfun .

The Ultimate Scanner' s rnernor v should be
orga nized as 1.000 channels , 1ba banks, 10
superbanks, 1 channel steps. See the 10:1
progression there? Because we have ten fingers to
count on, we think and operate in decimal! The
human mind is more efficient with such an
orga nization to assist it. Mine is, anyway. How
rnany fingers do you have ?

KEYBOARD

Neither befare nor after the PRO-2oo4 has there
been a truly efficient keyboard. I thought the
PRO-2005 and PRO-2oo6 keyboards were the
utter pits until the PRO-2035 appeared with its
keys haphazardly strewn all over the front panel.
The sloping, tactile keypad of the PRO-2oo4 is the
closest example of the keyboard that will appear
on our Ultimate Scanner.

Manufacturers should pay a kine sthesiologist to
design keyboards; someone who knows how the
human wri st and fingers are constructed. For
whatever it is worth to you dear Readers - my
front-line TurboWhopper scanner is a PRO-2004,
thanks partly to the efficient, visible, acce ssible
keyboard , plus the next two qualities to be
discussed.

METERS

Snneters (signa! strength met ers ) belang on radios
like gas gauges belong on cars. Most ham, CB,
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and shortwave rad ios come with S-mc ters : most
scanners do not. 1 haven 't thc fouu ies t idea wh v
not. so dont ask. But it sure wo~rdn't hurt to give
your favorite scanner manu facturer a piece of your
mind about the subject. Once again, he re we ha ve
a bit of evidence that scanner manufacturers think
we are stupid and don ' t know an S-meter from an
odometer. Li sten up: the sin gle most important
taal in my monitoring tacties as ide from the
receiver itself, is the S-met er. I wo uldn 't be
without one ! I' ve zone sa far as to make Svmc ters
for my handheld scanne rs ! Let' s look at a typical
S-meter:

An S-meter is usually calibrated with markings
sim ilar to tho se shown . The markings between 0
and 9 are referred to as "Svunits ." while the marks
above 9 are said to be "decibels ab ove S-9." Each
S-unit is usually scaled to be abo ut 6 dB and S-9
is a reference . usuall y 100 ~V , or so metimes 50
~V. Thi s sche me of calibration and the assoc iated
markings areri't toa important in the gre at sch eme
of thin gs and we shall not dweil upon them at an y
grea ter len gth here. Instead , here is WHY an S
meter is important to the co mpleat sc annist and
The Ultimate Scanner:

In a word , an S-meter is an indicator of the
relati ve strength of the inc oming signa!. after it has
been proces sed by the receiver. Th erefore, the S
meter can be used to evaluate the performance of
the receive r, the coax ial cable. and even the
antenna! Do you ever wonder if yo ur ant enna is
working up to par? Without an S-meter, you may
never know.

The predominant ch aracteri stic of an FM signa l is
clar ity of the signal and lack of background no ise .
Basically, all VHF-UHF signa ls that register
bet ween 1 and 30 on the above S-meter will so und
about the same. This is in stark contrast to AM
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and SSB modes where cl ar ity suffe rs and noise
incre ases with weaker signais. You can' t usuallv
te l! by ea r, therefore. how well vour receiv er site
is performing in the VHF-UHF"bands because il
the signal is rece ived and dernodulated, it will .
sound OK. Wi th an Svmeter. yo u can teil much
more , and in a flash !

AN S-METERCAN CHECK THE
WHOLE SYSTEMI
Suppos e yam present antenna is rusty , decrepit,
and falling apart, but seems to be wo rking okay .
First , you monitor a NOAA weather station;
maybe a couple of low band stat ions , a 45 0 MHz
station, and several in the 800-1 300 MHz ran ge ,
writing down the S-meter reading of each. Now
yo u put up your new antenna; run the same chec ks
and measurements and the S-meter wil I teli you at
a glance if there was improvement. Suppose the
NOAA station registered S-8 before the ch ang e of
antennas and halfway bet ween S-8 and S-9 afte r.
then you KNOW there was an impro vement, and
even if the station really sounds the same you ' 11
soon see why the improvement is important.

The same principle applies when yo u change the
coax cabIe: any differences will be visible. With
so me experience under your belt , you'lI realize
how the slightest physical changes in your station
can make big differences in its performance. But
now get thi s: you may hear na difference between
S-8 and S- 9 signa is. nor between S-2 and S-3.

But if yo u do an improvement to boost an S-2
signal up to S- 3, then signa ls that were pre viously
below the threshold of detection at s-owill be
audible, loud and clear, at S- I. You just never
know what you 're mi ssin g until you make an
irnprovement and hear things that were never there
before. An S-meter affords a cheap and easy tooI
by wh ich te evaluate your sta tion' s performance.
But theres more '

It will also detect changes made at the remote
transmitter. It wiII show how we ather and seasons
ca n affect radio transmission path character istics.
An S-meter is a sensory input frorn the world "out
there" that helps personalize those cold, sterile ,
antiseptic signaI s.

Look at it th is way: it takes all five human senses
to get a good feel for an object or event, and a
sixth sense doesn't hurt any. Radio affects only
the auditory sense. The more sensors you have,
the more personality and information will be
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found in the detected signai s. An S-meter is a vital
sensor for your monitoring warbag, and the more
you use it. the more uses you ' ll discover for it
than I have the time and space to teIl you about
here. The Ultimate Scanner must have an S-meter,
na question about it. Catch-22 is that most
scanners don 't come with 'em and only a few can
be easily modified for an S-meter: they include the
PRO-2004/S/6 , PRO-43 , and the new PRO-2035 .
Methods will be provided later for these and other
scanners.

SHIELDING
Proper shielding is import ant to the compleat
scannist now, but hopefu lly not in the future.
Here's what I mean. All radios employ oscillators
that can (and do) em it some of their energy as
radio waves that escape [he circuit board and pass
through plastic cases. They ' re received by the
antenna as self-interference , and as signals by the
receivers of scanner-cops who might be passing
through your neighborhood .

DET'ECTING A SCANNER
Preposterous, you say? Whoever hea rd of
scanner-co ps? Yeah... right.... well: anyway,
the PRO-20û4 was the last of the first-rate
scanners to employ an all-metal case. When a
metal case is connected to a True Earth Ground,
shielding can be very effecti ve. with minimal or
na interference to adjacent receivers and less or no
chance of detection by scanner cops who might be
looking for contraband receivers. Yeah... right....
well... anyway, the PRO-200S , 2006, and 2035
successors have plastic cases through which RF
emissions pass like water through a strainer. Most
scanners now have plastic cases that make the unit
much like a radio beacon , and does anyone really
need to know you own a scanner? And if they
think they do , would you want to advertise yours
to them?

Gun owners don't put signs in their front lawns
announcing the fact. Guns and scanners seem to
have a lot in common these days, both from the
perspective of govemments as weIl as owners. Let
me telI you a short story about governments ,
receivers, and citizens...

A country about 3,000 miles east of ours felt its
citizens ;houid beg perrnission to own and operate
TV receivers and pay a stiff fee for the privilege.
Same citizens disagreed, and failed to acquire the
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necessary permits . Not to be outdone and to
colleet his due , Caesar patrolled neighborhoods
with sensitive detection equipment and identified
homes where television receivers were being
operated.

A check of license records identified those
registered, with fees paid, and those which were
not. Arrests were made; criminals created; and
mone ys collected or TV' s confi scated. This really
happened, and in a so-called free country, na less.
You can only imagine, then, what things are like
in not-so-free countries.

Well, if it ever becomes illegal to own a scanner in
this country, you wiJl have to either junk yours or
ensure that all your receiving equipment is well
shielded. You say it can't happen? Well, I say that
govem ment' s first step is to limit their use. And
that. fellow citizens, has already happened!

MECHANICAI.'SSUES
Space and physical construction are very
important to the contenders for the Ultimate
Scanner. First, you have to accept as a given that
na manufacturer will ever produce the Ultimate
Scanner; only YOU wiJl ever come close.
Therefore, it is vital that vour contender have a
stron g chassis with plen ty of "real estate" on
which to romp, stomp, hack, and stack thing s.

The PRO- 2004 is a good example of this
ruggedness; it has plenty of room in which to
work. The PRO-200S and PRO-2006 have
adequate real estate, especially when the AC
power supply is shifted to an external module, but
they are neither as spacious nor as rugged as the
PRO-2004. I have to underscore something about
the PRO-2035: thanks to its microelectronics,
there 's almost enough real estate for a tennis
match . Some of that comes at the expense of
ruggedness, though. The metal frame is thinner
and the plastic case weaker than its predecessors.
Still, it will do... especially if you shield the case.

SPECIF'CAT'ON$ <&...·PER~O"MANCE

Performance of the Ultimate Scanner is hard to
quan tify by the hobbyist, because measurements
at VHF and UHF frequencies cannot be made
with your basic garden variety yardstick and DC
voltmeter. If you buy a two-pound beefsteak, you
can always take it home and weigh it to see if you

I got what you paid for. Therefore, instead of
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spouting a bunch of numbers that may or may not
mean anything, and cant be proved by the casual
hobbyist. I' IJ list so rne of the tangibles that should
be effered by the 'engi ne ' of yo ur beast. Same of
these ' tangibles ' wi ll be sel f-evident in publi sheel
specs or in catalog descriptions, while others will
have to be verified or determined usin g the serv ice
manu al and instruments, or e ven by ph ysical
inspeetion.

TERMS

As this continues, you may encounter tenns that
are a bit alien. 1'0 reduce the number of queries on
my BBS, I' ve put a glossary at the end of thi s
book. Ta keep the book cost-effective, I've made
that glossary modest. If yo u get stuc k, remernber :
virtua lly every library has a technical dictionary...

FUNCTIONAI.ITY AND FEA TURES

Here are most of the things I de mand in the
Ultima te Scanner, and yo u should , too !

Bandpass filters in the RF preampl ifier sec tion
(the more, the better) help reduce interference
from bands other than the one in current use . The
PRO-2004/5/6 series ha s seven bandpass filters :
25-40. 40-68, 68-108, 108-174, 174- 280. 280
520, and 760-\300 MHz. That ' s one reason these
scanners work so weIl.

Low-no ise, high gain RF preamplifier sec tion:
hard to put a finger on , but a sensi tivity spec of
0.5!1V to produce 10 dB of "qu ieting" is fine . See
the unit ' s specifi cation s .

RF and IF Automatic Gain Control (AGC): hard
to determine by measuring, but the service manual
will teIl.

Triple co nve rsion supe rhe terody ne , phase-Iocked
loop (PLL) controlled; usually found in the specs,
though the term might be "t riple-con version
synthes ized," or some thing like thar. This is
cr itica l to both sensitivity and the reduct ion of
unwanted "birdies."

Double-balanced mixer between preamp and Ist
IF sec tion: identify in sc hema tic.

Double balanced or halanced mixer bet ween Ist
and 2nd IF sec tions : ident ify in sc hematic.

Temperature Compensated Crystal Reference
Oscillator (TCXO) : identify in servic e manual .
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Sp eed: 25-ch/sec scan: SO-steps/sec search .
mi nimum: usually in thc specificat ions.

Crystal or cerarn ic fi lters in eac h IF sec tion:
ide ntify in schematic. Important because good
filters pa ss desired signals, and blo ck undesired
on es .

Separate fin al IF sect ions for each of NFM ,
WFM, and AM modes: ide ntify in serv ice manual.

IF-derived SQUELCH and CPU-generated audio
MUTE function s: identify in ser vice manual.

The PRO-2004, PRO-200S . PRO-2006, and
PRO-2035 generally meet the se rigorous specs.
No w we 'lI ge t into external co ntro ls and features.
the most surely needed of whi ch are :

Use r selec table controls for MODE (NFM, WFM ,
and AM ); Search Steps (5. 12 .5. 50 kHz ).

Tape recorder output jack.

Automatic Tape Recorder Switch output jack
(Carrier Operated Relay).

ExternaIOC power input j ack .

Extern al speaker jack.

He adphones jack.

Sound Squ elch function : PRO-2004/5/6 and PRO
20350nly .

Center Tuning Indicator. See MOD-27 in my
book, Scanner Modification Manual, Vol-2.
Hereafter, if I ju st refe r to Vol-I and Vol-2, you' 11
know what I mean , righ t?

S-meter: MODs 25 and 26, Vol-2.

Dataffone Squelch function: Ch apter 6.

Adj ustable (0- \ 5 sec) Delay: M OO-29. Vol- 2.

SSB Dete ctor or BFO.

ProgrammabIe (per channel) RF attenuator in
antenna circu it.

ProgrammabIe (per chan ne l) CTCSS and OCS .

Manual tun ing co ntro l - all displayed frequenc ies :
PRO-2ü35.

Panel Lamp OnIDim/Off co ntrol.

Th e PRO-2004/S/6 and PRO-2ü35 meet the above
minimums, or ca n be retrofitted (sometimes with
modificati on s) to meet most of these needs.

The re are exceptions .
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FLOPPY DRIVE mm
I can go on and on, adding things and
afterthoughts. Like, fer instanee... why don 't
manufacturers addfloppy disk drives to their
better scanners? This would reduce the need to
design high performance computer interfaces for
the scanner, and it would definitely improve
customer satisfaction. A disk drive doesri't cost
much ... $20 at the GEM-level, maybe? l'd happily
pay $50 more for a scanner equipped with a
floppy drive, especially if the disk could be read
and the program files prepared by my computer.

"AutoProgramming" could and should be kept
simple with basic delimited ASCII text to afford
maximum compatibility among Apple, Atari,
Commodore. and PC/compatible computers. With
Commodore and Atari dropping from the scene.
the compatibility issue for Macintosh and
IBM/clones is the primary concern. No problemo
in today' s technology, when you consider those
goofy LCD electronic typewriters with floppy disk
drives for around 5400.

So why cant we get a $400 scanner with a drive:
1'11 teil you why not... manufacturers think we
dori't know a floppy drive from a Sunday drive.
Scanners are used mostly by 'Joe Consumer'
hobbyists. Product dernands from the business
market seem to get more attention than consumer
dernands. Manufacturers employ professional
marketers to talk and IJsten to the business
community, but they rarcly listen to consurners
and hobbyists. We ' re stupid, remernber?

I dream of a floppy drive in my Ultirnatc Scanner.
but 1'11 he dreaming until heil treezes over bccause
Tdon': know how to retrofit one. I do know how
to fit a darned good computer interface to J Iew
scanners, so this book has sorne realitv (I) munch
on rather than just whimsical wishes ..

Frankly. I dont know HOW to get the attention of
those dang manufacturers. and if I can' t, you
probably can't either. Thcrefore ... \Ve have to
hack, cut, and chop our way into our scanners to
make of them what wc want. No one clse is going
to do it for us. If you can accept that, then you're
a hacker.

SPECTRUM ANALYSIS
Sa, what else? A spectrum analvrer, maybe?
Remember where I said wc 'd pay little attention tu
cast? Here's where we pay serieus attention.
Look at the $6.000 pnce tag on ICOM's R-9000
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receiver with spectrum analyzer (SA). Sounds
expensive? Weil, once you look at the menu, it
will seem cheap!

A spectrum analyzer can be important, depending
on what the hobbyist is trying to do. This function
is critical to the National Security Agency, and
Fort Meade (MD) is loaded with them.

A spectrum analyzer provides a display of all
received signals that comply with the eperator's
setup instructions. If you teil the SA to operate at
500 MHz ± lOMHz, it will display every detected
signal from 490 to 510 MHz, with their relative
signal strength. Useful? Depending on what you
wish to do, it can be.

Some SAs are stand-alene instruments (Hewlett
Packard, for instanee. makes instrurnents at S50k
or more), and others are configured as a card that
fits within vour PC and uses vour PC for
computing 'power and its monitor as a display.

USEFUL SAs

Grove Enterprises add-on SDU -100 Spectrum
Display Unit at -$500 and up, with options, sets
the bottom price in this field. Spectrum arialysis
just hasnt lit any fires on the hobby radio scene
yet, most likely because of the cost: any decent SA. .
JS expenslve.

Thc Ultirnate Scanner can be contigured with or
for a spectrum analyzcr, but such instruments are
sa pricey that 1'11 condense this topic till the
nurnbers reach the hobby level. For those still
intercsted in thc function. at least four produets
fall more or less within the hobbyist' s grasp.

Three of the four provide only modest
performance, but might be suitable for those who
insist on having same sort of spectrum display
capability but want to conserve money. The fourth
one offers serious quality. but at a price of
$I,OOO-S3.000, depending on desired options.

You havc to look long and hard at the idea of
stickins a $3000 SA on a S400 scanner station.
but a f;w potentially useful and "low-priced"
resources are as follows:

Grove SOU-1 GO

Grove Enterprises
PO Box 98
Brasstown, Ne 28902-0098
(704) 837-9200
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Poor Man 's Spectrum Ana lyzer

Science Workshop
PO Box 310
Bethpage, NY 11714
(516) 731-7628
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difficulty of cryptarialysis and decryption . we 'Il
not deal with the topi c . But if you insist. YOLl can
Iind plenty of accessory equipment and software
that will he lp you do it. Just check ou t the
ma gazines that support our hobby .

At your own risk .

CONTINUOUS COVERAGE

The Ultirnate Scanner should cover most of the
range from 25 MHz to 1300 MHz, with na break s
at all. Unfortunately. a combination of the law and
tech no logy make this an increasingly touchy
subject. My favor ite scan ners, the PRO-2004,
PRO- l OOS, PRO-2006, and PRO-2035 hav e three
segments deliberately delered from the ideal
co ntinuous coverage:

824 to 851 MHz Cel!u lar Mobi le Band

869 to 896 MHz Ce llular Base Band

It just happens that the Ist IF and PLL circuits use
frcquencies in the 520-760 MHz band . sa eve n if
reception were not bloeked, that band would be
unusable becau se of excessive sp urious and
"birdie" ernissions .

Admittedly , I like to snoop around in this band
because I suspect "bugs" and other clandesfine
signals cun he fou nd among those few and far
between UHF TV channe ls Whv not ? There are
very few receivers that can access this no-man' s
band so I figure it ' s an anractive one to shady
operatives and scnsit ive situ ations where discreet.
sh ort range, low power links are dcsired. Fm
right. bv the wo\'.

A UHF TV rece iver would not ordinarilv deleet
these kinds of signals if ca re were cxercised to
transruit weil awav frorn active senrnents of the
hand. and separated 1'1'0111 the s t an~l a rd audio
carrie r slots. Ir' s simpIe to avoid detection
between 520- 760 MH z '

Sorne scanners can rece ive the UHF-TV band . but
are known 10 be deficicnt in general performance
and SP 1do nut consider (hem contenders for our
Ultirna te Scanner.

You are. of course. tree to do vour own
considering: youï l get no argument fro rn me . It ' s
j ust tha t thosc "othe r" scanners do no t perferm up
to certa in standards, and/or cannot be retrofittcd
with somc of the modifications that are requircd to
achic ve Ultimate Scanner st:ltus.

450 MHz Spectrum Analyzer

A & A Engin eering
2521 W. LaPalma ; Unit K
Anaheim, CA 92801
(714) 952-21 14

ITC SA500A Spectrum Analyzer

Advantage Instruments Corp.
3817 S. Carson St . #818
Carson , City, NV 89701
(702) 885-0234 Fax: (702) 885-7600

BUYERS BEWA RE: S uch spectrum anal yzers
mayor may not work with a given scanner or
sys tem configuration, and the buye r sho uld learn a
lot before making an investment . Contact the
vendor s sales engineers to de termi ne whether a
product meers your need s and expectations.

DECODING - DECRYPTION
CIRCUITRY AND SOFTWARE

Dectyption of enc rypted signals should he within
the capability of the Ultirnate Scanner. hut the
Electronics Communications Privacy Act of 1986
slaps the quietus on this subject . -

lt is against the law tO dec ode coded signals unlcss
these sig na ls are to YOU. o r you have perrnisxion
bv the sender to decode thern . Yes . I know. vou
aren ': thc first to ask "How do 1 know if a signa]
is intendcel for me unie s" I 'ïrs! check it out?" I
can t answer that . and I don' t know how a j uJ ge
would unswer it: I cant affo rd a law ver who
migh t be wron g. and I'1I1 not eXL'iteo'abuut 'lïnd ing
out the hard way.

Besides. most signal encrypti on sch emcs fa ll into
one of two categon es . Th e first , called speec h
inversion. is sa casy to decode that no one who
truly needs security uses ir anyrno re. The oth er,
bascd upon so me de rivati ve of the infamo us
Digita l Encryption Standard (D ES). is I1Igh
imposs ible la decrypt unless yo u ca n iïnd somt'
specialized Russi:'lI1 eLJu ipment on thc surplus
market. Because of the iaw and the extreme

520 to 760 MH z UHF Television Band
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The other two deliberately blocked bands
(common to most SOO MHz scanners today ) are
the cellular mobile telephone (CMT) bands,
detection of which is forbidden by the ECPA of
1986 and other legislation. The PRO-2004. PRO
2005, and PRO-2006, as weIl as a number of
other scanners, are cellular-capable . despite the
del iberate blocking of those bands at the factory .
Clip a diode and you can listen to your favorite
stockbroker or drug peddler.

Unfortunately, the federal Telephone Disclosure
and Dispute Resolution Act (TODRA) of 1994
(Public Law 102-556) forbids the importation and
manufacture of receivers that can recei ve the CMT
bands . Also forbidden are receivers that can he
"easily retrofitted' to receive cellular signals! No
more snip-a-diode/c lip-a-resistor celluiar-capabie
scanners for us. folk s. In fuct , the PRO-2035 is
the first of the Ultimate Scanner contenders to hit
thc market that is not ceJlular capable. As I
understand it. ICOM' s world class receivers have
the entire 800 MHz band perrnanently blocked.
You wont even be abl e to monit or tru nked
transmisslo ns !

Therefore, the ultimate contenders for Ultirnatc
Scanner status mav verv weIl be lirnited to the
PRO- 2004. PRO-2005~ and PRO-2006 . if CMT
capability is on your list of impo rtant criteria . Net
that thc so -called world c lass receivers we re ever
cont enders in the first place ... they are not, in my
opinion. simply because they are NOT scanner s ~

While most will "scan" a limited number of
chann els al some slow speed. they do not have the
features and performance required of a true
"scanner. " Receivers bv rCOM. Kenwood. and
Yaesu are formidable. but thev are not scanners
and won 't be treated at any length in this baak .

CONTINUOUS TONE CODED SQUELCH
SYSTEMS (CTCSS)
CTCSS was co vercd in Volume '2 of my Scann er
Modi ficat ion Handh ook. I ts simply a means by
which a transm itted signal can control its own
reception in properly cquipped rece ivers. A special
audio tone is added to a transruitred signa], and
upon detection by the receiver the squelch is
opened to allow the transmission to be he ard .

CTCSS dwell s in the e ff-eenter spotlight but
certainly should have a place in the Ultimate
Scanner . if it is practical 10 add it. CTCSS is not
easilv imnlementcd as an ndd-on bv the casua]
hobbyist hecause the required les hav e not heen
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developed for the after-market hobbyist. I have
seen a few CTCSS products come and go, so if
you 're serious about this perhaps the components
you need will be available. And perhaps not.

The only scanner radios (of which I am aware)
that come factory or optionally equipped for
CTCSS are the not-very-exciting Uniden BC
760XLTand BC-8500XLT. Radio Sh ack ' s 1995
catalog introduces a clone of the BC-S50üXLT
called the PRO-2036, which offers an optional
CTCSS decoder.

Communications Speciali sts, Inc. , at (800) 854
0547. is the foremost souree of CTCSS product s
and expertise - you should contact them for the
latest information. The model TS-32P CTCSS
Tone Decoder & Encoder remain s state of the art.
and can be programmed by external addressing. If
we sperit serious time with it. I 'rn sure ways could
be developed to incorporate CTCS S programming
on a per-channel bas is for the Ultimate Scanner.
Again. the TS-32P modul e would be the heart of
the project and only an extemal memory design
would be requircd to implement it on a per
channel basi s .

I Some of you enterprising CE-232 Interface
aficionados might contrive a way to let the
computer do all this work for you. J'll have to
lcave this subject for ano ther time. thoug h,
because there really isn't anythin g much new. Call
Communications Speciali sts, Inc .. for the blest
teehu ical scoop on CTCSS and stay tuned to the
World Scanner Report for implernentation news.

To a scan nist, CTCSS is not very useful . You
sec, the techniquc was invented by profe ssion als
in the Land Mobile Radio services who didri't
want to be bothered bv anv transmission unless it
was airned spccifically at thern. Today' s two-way
handheld radios include CTCSS so people dont
have to listen to e verything. but that's not the way
it is in the scanning hobby.

Scannists generally want to hear Ileas arguing
over turf on a junkyard dog two counties over.
For that reason , we dabbIe with CTCSS because
it's an intriguing technology, but when a Decoder
is added )'OU hcar LESS. not MORE. Aftel' a
while . the sound of silence gets on your nerves
and off goes the CTCSS ...

DTMF
Th erc arc e ther sideshows d CJWIl Ultirn ute Scanner
highway that could take a half a hook or more if I



focused upon them . Take DTMF, thc tone set
used by your telephone. We hear DT MF tones on
our scanners and somet imes wish we could
decode them into numbers. DTM F decoders are
advertised in the varrous radio magazines, but
they're external add-on s, not an intr insic part of
the scann er .

The Wor fd Scanner Report featured a do-i t
yourself DTMF decoder project in one of its back
issues (the one that was disc ussed in Vo l-2).

Speaking of which. HB Techn ologies (Spring
Valley, CA), developcrs of the HB-1 6 DT MF
Decoder. went out of business and gave us
permi ssion to print their HB-16 DTMF Decoder
plans in the Worfd Scanner Report. 50 check
Monitoring Times and Popular Communications
magazines for DTM F decoder ads: e lsc roll your
own. A nice co ncept, DT MF decoding, but
definitely a sideshow, and definitely an add-on
rather than an integrated scanner funct ion . At least
for now...

RECE'V'NG S'GNAI.S GENERATED
22,500 Af'I.ES AWA Y
How about satellite reception? Sure , the Ultimate
Scanner might be capable of satellite reception. but
this is a specialized field that takes specialized
tools and techniques.

There are scveral distinctly different kinds of
satellite siz nals. eac h requiring its ow n strategy
for dereet ion . and none have become prominent on
thc hobby scene cxcept for TVRO (IeleVis ion
Receive Only ). But cxcuse me ... I don ' t watch
televisi on . and scann ers cari ' r rcceive C and Ku
band signals anyway. For now, satcllire
comrnunication is at relatively low power, and in
bands thar scanners eaunet genera lly reach.

Theres a lot of communication using high -power
L-band. hetween 1.4 and 1.6 GH z, which a few
receivers can hear directl y or with a simplc
downconve tter. and sorne new mobile satco m
terminals. As cxamples, INM ARSATand the
West inghouse MET are using tha t range. but most
of that is ordinary telephone conversarions by
peop le who can afford a private portable satcorn
terminal. Borin g, right?

Theres another sort of satellite cornmunication
you can hear if you alrcady ow n a TV RO rece iver
and a satellite dish. Th is specialized mode of
satcorn that requires na moJification to the scanner
is called SCPC (Single Channe l Per Carrier), a
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method of pack ing upwards of a couple thousand
voice or narrow band data channels into a single
satellite transponder. Sorne long distance
telcph one carriers and corp orations use SCP C as a
low cas t means of bypassing the telephone
networks Ior their long distance co rnmunications
needs .

TEI.EV'S'ON RECEPT'ON
Th e se of you who have a TVRO receiver and dish
can give try this experime nt. Detennine the IF
output frequency of your satcllite receiver 
usually 70 MH z, but this can vary from one
receiver to the next. It appears at the output to the
descrambier unit, in most cases.

Point your dish at a satellite known to handl e
SCP C, select the appro priate transponder, and
conneet the 70 MHz IF signal to the antenna input
connector on your sca nner. Set your scanner to
NFM mode, 12 .5 kH z steps, and SEARCH the
band fro rn 55-85 MH z. If everything works yo u ' Il
hear hundreds of signals, of whi ch many are
voice!

You have to answer the questi on: is this legal ? For
more data on satell itc comrnunica tions, contact
Jeff Wallach . at the Dallas Rernote Imagin g Group
BBS. (2 14 ) 394-7438 .

BACK TO REAI.'TY

So what is the Ultimare Scanner? Okay. 1'11 teil
you wh at J think it is... Its a cost-e ffectivc , fu ll
featured scanning receiver that can do all you want
n to do at a perform ance level that meets or
exceeds reasonable expectations. This is with the
acknowledgment that manufacturers seem to think
we are stup id and don t know w hat we want. and
that wel] be satisfied with whatever they care to
hand us. Not !

Ya' goua start somew here... The Ultirnate
Scanner begi ns with a full tunet ion scanner that
provides space, power supply, und general
opportunity for the hobbyist to add features and
contrivarices to satisfy every possible and practical
moni toring urge. Here ' s some help ...

WHAT DO YOU START W'TH?

Theres a lot more to the Ultirnate Scanner than
meets the eye... muc h more. The cha llenge starts
with tumips! You can' t get blood out of them.
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Your cherished Snakebite XR-7265A scanner
bought at a swap meet eleven years ago, won't
appear on our list of contenders. Neither will that
sporty Horsey-Cow HC-800GTZ. C'mon.
folk s... get with me. Ever since I wrote my first
two scanner hack books, some complain that I
didri 't create magical "snip a diode/clip a resistor'
mods for those revered Snakeb ite and Horsey
Cow scanners.

Whoaa there , hoss , I DID the research . There ain 't
a thing I can do for such scanners that wouldn't
cost a lot more than a brand new. top-of-the-line
modern scanner!

I continually get letters and e-m ail from guys
begging for me to develop som e turbo whopper of
a mod for their 589 bargain-basernent, 16
channel , 2-band Widget that barely qualifies as a
scanner in the first place . Hey, I' rn not putting
these instruments down : they have their placc
where there is a specific necd to he fulfilled at the
lowest possible cos t. You don ': find Honda
Civ ics running in the Indiariapolis 500. my dog
can' t compote in the Kentucky Derby. anti your
Snakeb ite docsu 't make the starring line in the
Ultirnate Scanner race.

A cand idate for the Horsey-Cow might he thc
Emergency Mcdical Techn iciart who has to sta)' in
touch with his dispatch center. even whcn off
du ty . For th is dude. it makes na sensc to spenel
$·-1-00 on a hobbyist scanner wh cn an el-cheapo
will work fine on the 4.') 0 MI·Iz L\rIT trcquency.

A drug peddler who v... ants to keep tabs on the
local gendarmes doesn't need the Ultimatc
Scanner ihough he can prob ably ufford to have an
engineerin g team design one frorn scratch.
Ncwbics to the hobbv don'! necd a hot-dawz. rip-
snorring. Iire-breathing Turbowhop per. ~

These guys sho uldnt even think ahout turn ing
their Squeaky Sammies into the Ultirna te Scanner.
It cari ' t be done.

Once and for all: 1develop projccts designed to
make GOOO scanners BETfER. and thev ' rc 1'01'

hobbyists - not for these who CDn support their
job with a simple one channel receiver.

GREA T SPECIFICA TION5, BUT...

L d'S take a look at a pair of nice scannerx tha:
ought lO he notural lead-ins to Ultirnate Scanner
status . bui arent : the AUR A r~ - 3 ()OO and the
Y Llpiteru Ivl VT_Î 100,
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The AR-300ü sports specifications that boggle the
mind, goggle the eyes, and toggle the ears three
ways from Sunday. It has everything: triple
conversion. computer interface , S-meter, SSB.
and a tuning control- this baby seems to have it
all. That would be truc except for the hefty price
tag. limited distribution, inferior firmware, paar
service manual, and the unre spon siveness of the
USA distributor when I asked for technical
information. The AR-300ü service manual (that I
compiled on my own ) is an incomplete composite
of cutouts and photocopied page s sent to me by
hobbyi sts over the years.

Based on the poor manual and the cornpany' s
evident desire to keep secret s. there was no way
rny thousand bucks was going to find out if the
AR-3OO0 was a worthy contender. You might say
that I have a case of sour grapes...

Noooooooo, that ' s not it. If it were , then some
other engineer would be out thcre making a case
for the AR-3000 to becorne the Ultirna te Scanner.
You dou' t see it happening, do you? But theres
more: I talked with several ow ners of the AR
3000 . None seemed eestatle ahout their thousand
dollar scan ner. and the average favarable comrnent
was: "O h. it' s a very nice sca nner, but..." There
aren' : mali)' AR-3000 ' s in circulation: not nearly
cnough la drum up any real interest in hackin g it.

Sn if I bought one and invcstcd my time and
encrgy into it for a few hund red peoplc, r el end
up eating out of the local soul' kitchen mission.
My dec ision was wise . in retrospect: the AR- 3000
secms to he disappearing, and the fon ner
distributor carries another line of scanners now ...
irnpressive specifications but the sarne attltude.

JUPITER

Sa what about the Yupi teru (its rcally Jupiter. but
theres no "J" in Japanesc, and theres a fina l "u "
at the end of many Nihon-go word s). The MVT
7100 and its related brothers, sisters, and cousins
are exce llent, so wh ats wrong '? Basicall y. they re
illegai. th at ' s what.

For reasens unkn ow n 1.0 yours trul y , Yupiteru
crea ted a whopper series of scan ners that could
cove r trom DC-to-davJi ~ht and do most
cvcrythmg but "poon-fe~li you your diruie r - and
thcn chose Europe tor thcir marketing playground.

Muvbe the:,c scanners couklnt meet thc FCC s
ccrtification siandards? Maybe Yupitem thinks the
USA doc-.n' t have a seriOt:s scanner marke!') I
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don't know, But the bottorn line is that Yupitem
scanners are not Fe e certi ried and rherefore are
illeza l to import into this counrrv , and to scll.

- 4 J •

Oh, surc, a fcw USA scannists bought Yupiterus
trom Europea n distrib utors and then jumped onto
the computer networks and information services to
whoop and holler about the ir acquisirions. \1 v
first respo nse 10 those who asked if I \'i J S go[ng to
get ene was. "What about the Servic e M::m~l JI t~ör
these rins?" SA here it sits, bovs and gi ris: a
contraband radio cannot possibty courend as a
starring point for the Ul timate Scanner pro ject
because it is doomed to verv limited dl~tribution . 1
can' t pay a w hole lot of attention to scanners to
which no one else pays much attention .

WHAT DO I NEED TO SUPPORT A
MODIFICATION PROJECT? DOeS!

Some people told me that the AR-3000 scanner
could have become much more popular had I
given it half the focus of the PRO-2004/S/6 serie s.
Maybe , but I need more than hardware alone 
consider the effort required to reverse engineer
such a complex instrument!

If you think I ' rn ignori ng a first class scanner.
then before yelling at me teil the distributor that in
addition to hardware , I must have a prope r service
manual and serious teehuical disclosure to support
my projects.

TECHNICAL DOCUMENTATION

The common thread that eliminates manv scanners
from the cornpeti tion fa r Ulti rnate Scanner status
is painfully apparent: lack of service manual and
teehuical data. I cannot put mv cffort in to a high
technology instrument withoU't benefit and ~
guidance of the docurnentation. which must
contuin at least the followin g:

Legib le, professional ly re ndered. complete
schematic diag ram(s).

Assernbly draw ings of sirnilar quality. show ing
pan locat ions. ID , etc.

Complete wiring diagramrs) and interface data,
of simi lar qualiiy.

Parts listIbiJl of matcri als with pan numbers,
circuit syrnbols, and log istical information.

Functiona l block diagram.

Specificatiens and teehuica l description of
major circuitry.

Deta iled alignment instructions .

In tegrated circuit, transistor and other solid
state compon ent pinouts. and functional
dias rams.

Troubleshoo ting charts; key waveforms: typical
voltage and resistance rncasurernents. .

Ir a serv ree manua! doesn't contam most of the
abo ve, there isn'r a snowball's chance in a fast
burning foresr fire that ] w ij] mess with the
equipment. If a manu facturer doesn't think
enough of his products to professionally
document thern, then why should I invite certain
trouble? I may fit a lot of adverse and perve rse
descriptions, but masochist? Not!

So that you wil! know how I j udge a service
manual. I will desc ribe AOR 's as inferior,
Uniden's as adeq uate, and Radio Shack' s as
superior. IeOM, Kenwood, and Yaesu manuals
are generally good to superior, but these are not
just "scanners," are they?

POPULARITY

Here ' s another consideration: popularity! No,
scanning is not exactly a popularity contest, but a
serious contender must appeal to a significant part
of the community and gamel' its support, and it
must also generate a growing body of technical
and operational knowledge collected by - and
shared among - dedicated hobbyists. No one
persou can do ALL the work in this field. The
development of a scanner hack usually involves
several people, and preferabl y Cl lot of people .

Do you wonder why the PRO-2004, PRO-200S,
and PRO-2006 achieved such popularity? Support
of the product by the average consurner - and by
the manufac turer - mul by the serieus hobbyists
who hacked thern and shared information.

Popularity means sales volume and satisfied
owners. Popularity means size of the
"aftermarket." Popularity means third party
businesses that perccive opportunity to sell
litera ture and deve lop acces seri es. How many
books and aftennarket accessories are there for the
AR-3000, and how many for the PRO-2004/S/6
series? I know of two third party produets that
support the AR-3000, but there must be hundreds
for the PRO-2004/5 /6 farn ily.
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Now do you see? It doesn 't matter whether the
chicken or the egg came first. What matters is that
there are chickens and eggs; lots of both. It takes a
good product that generates hobby support and
third party activity ...

The hobby produced a huge demand for the PRO
2004/5/6 series , but few buyers even knew about
the AR-3000. That's not my fault ; it' s not your
fault. It may not even be the fault of the AR-30oo.
Who cares? OK, if you are one of the AR-3000
minority, you will care. That ' s underst andable ; I
sympathize but I can 't help yo u.

Your fir st step is to form an AR-3000 Users
Group to gain some mass and then apply pressure
on the di stributor to produce a professional service
manua!. Then you have to convince an engineer or
two that there is opportunity in the research and
development for th is fine rig . And that is wh ere
yo u will skin your knees. T he engineer(s ) may
agree w ith yo u that its the "best radio" ever
produced . Th en they will ask yo u how co me more
we re n ' t so ld. They lackcd ... IT. Whats 'I T ?"

A LOOK AT RADIO SHACK

Radio Sha ck has the advantage of a store on most
every street corner, but that won ' t swing the
balance alone . I' d have to guesstimate tha t Radio
Sh ack has brought ov e r a hu ndred scan ners to
market since the earlv 70'5, but less than 10%
ha ve been standouts: Sorrv, but the PRO-20 20
and PRO-30 toze ther witho' about ninetv others
are... turnips. -fhe advantage of o ve r -] .000 out lets
is nice, but that ' snot I T.

Radio Sh ack maintains a fantastic parts and
consumer support facilit y in Fort Wor th, TX,
called the National Parts Center, at (8 00) 442
24 25. T hat 's whe re vo u zet ya m service manuals
and repair parts for ~osl.~:~ny electron ic product
they eve r sold. Part s and manuais are stocked for
at least five years aftel' a product goes of f the
market. Pri ces are reason able , and delivery is
quick and sure, provid ed you do the o rde ring
yo ur self.

You'Il make a big mistake ifyou Jet a Radio Sh ack
salesp erse n order a part or manu al fo r you . You' il
be asked a litan y of quesrions starti ng w ith, "Isn't
it an Owners M anual vo u w ant " .' to "W hat de
yell need with a Se rvic"c Manual".' to "Youre nol
s oin tr to work on your sc anne r, are vou" ," 1.0
~Wo~ld vo u like so mc battenes to gÓwi th that
manu al?~ ' ...and on an d o n and on. ~
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Just order the dang thing yourself, okay ?

But ye s, Radio Shack's parts center is a great
resource that certainly contributes to the advantage
held by the PRO-2004/5/6 series. It's important,
but even Radio Shack tumips enjoy the same
support: so parts availability alone ain't IT.

WAYBACKTHEN ••••.
A bit of history will show you what "I T" is. I was
hacking scanners as far back as '81 or ' 82 whe n
the PRO-2oo2 came out. I needed an S-meter for a
professional requirement and of course, the
machine d idn 't come with one.

So I hack ed my way into the 2002 and made an S
meter. In the process, I found some now forgotten
diode (c lip or add - I don 't recal]) that opened up
the forb idd en govem ment band , 380-410 MHz !
Wow ! A bit more research produced a (clip or
add) diod e that allo wed 800 M Hz program rning !
Zounds!' Foll ow ed by gloom... thc PRO-2002
lacked the necessa rv RF circui trv to actua llv
receive 800 M Hz signals, regardless of what the
computer told the RF ci rcui t to do .

Back then , C itizens B and hacking was the hot
topic, and it never occurre d to me that there migh:
he an inte rest in hackinu sca nne rs so 1didn' t even
loo k. r st ill don' t knowif an yone else managed to
hack 38 0--1 10 M l-lz out of the ir PRO-200 2. r ve
been looking for that mod ev er since (I never
bothercri to write it down and sold the rig five or
six years ago) and no thin gs turned up . Nice
scanner. the PRO- 2002, and it sti ll rates high on
my lis t because of the fluo rescen t displ ay, accurate
digital clock, and de cent semi-sloped keyboard.
The guts were nothing spectacular, but in its day it
was a stando ut.

I hacked scanners a decade ago, and to the best of
mv knowledge I was alone . Then carne 1986 and
the no w legendary PRO-2oo4. A rmed with my
knowled ge of the PRO-2002 ' s technology . and
similarities in the 2004, I hacked my wal' into it
and di scovered laten t ce llular capab ility, 100 ex tra
channels, und a 25% sp- edup, all fo r free ...
nothing more arduous than clipp ing or adding
diodes to the key board sw itch matrix.

I wrote those mods up into an art iele h l' Popular
Conunun ications magaz ine and be fore long, the se
mods - and many more - appeared in e ther
magazines. The revolut ion was barn : e thers
jumped onto thc bandwag on. In 1988, .an R .
Roth, of Canada. effered a few type wnt ten and
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handdrawn pages of mods for the PRO-2004 :
kITY Ca llam, of Ohio. startod up a hacker
ncws letter. first ca lled Fil e PRO-2004 Ne ws and
later. the Realist ic Scanner Ne ws. Roth ' s moel
sheets disappeared within the year and the
Realistic Sca nner News mystcriously died wilh out
explanarion about a ycar aft cr it sta rred . One
enterprise no sooner d ixappearcd than 1wo more
were bom . howevcr. ,t.., T~ITv Vau ra of
Pcnnsylvania apparently \v as thc first to con trive
and/o r publish a version of the 6.-+00-channcl
memory for the PRO-200"+ in ahout Apr il. ]%8 ,
About the same time. Tom \ k Kee of Kcv
Research. deve loped the now fameus Scarch 8.:
Store Module s for the PRO-2004/5/6.

Several rudimentary computer interfaces had been
dcvel oped for the PRO-2004 by 1991 . and of
course , my two Sca nner Mo difica tion Handhooks
became sensarions in that period . When the PRO
2005 appeared in May, 1989, and the PRO-2006,
a year later, it didn 't hur t that their designs were
virtual clones of the PRO-20ü4 with only minor
additions and upgrade s. Mon itoring Tim es and
Popular Communications magazines have
regularly featured articles and hacks on the PRO
2004/5/6 sincc 1986.

Be pat ient. .. I'rn coming to fT.

Even today, as of this wri ting, the PRO-2035 is a
close relative to its three predecessors. If you're
familiar with one. you ' re fami liar with all four!
For that matter, the PRO-43 shares sorne of the
e1ectronic design of these Iour. Mcanwhile. the
support of thcs'è better scanners co ntinuex (0

escalate now that worldwide compu ter netwe rk
conferencing has caught on. Wc hackers and
scannists cornmunicate with each other around the
globe on our favorite suhjects almest likc hams
and CB ' ers do . Qucstions stimul.ue thought :
thoug hts spark ideas : idcas igni te crca tive j uicö.
the flow of which resu lts in something being
broug ht into reali ty ,

ITI

It seems that EVERY successful sca nner has
generated an intense interactive hobb y discussion !

That' s what " fT" is. then : a synergy of thausands
of people Wilh a co mma n interest, common goals,
and the wiilingness and ability to com municate.

Radio Shack has nothing to do with it, thou gh
se veral of their scanners occupy honored seats,
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The store on every co rner. availabili ty of parts,
and good service manual- contribute a lot. but it ~

market syncrgy that creatcs the most successful
scan ners, and the candidates Ior Ultirnate Scanner
projects.

BACK TO THE FUTURE

While this 1I 11 11sual revolurion about hacking anti
rc-cnuineerinz scanners was launched with the
PRO :'-:W04 aneé] perpetuarcd via the PRO-2005.
2006. and PRO-43. it leakcd and ove rflowed OI1!O

the field occupicd by all othcr sca nners . The most
eeru rnen question from entry-level neo phytes over
the computer netw orks today goes something like,

"Hi! I heard thar my Super\VhizBang CD -540YK
Snakebit e can be modifi ed for R63,677 channcls
and coverage frorn I Hz to 645 GHz by cutting a
trace and addin g a resistor. The guy I heard it
from doesri't rernernbcr thc exact meth od , but hes
certain it can be done. You know this one, dou' t
you, Bili ?"

The question is harml ess enou gh, but it gets bette r
when , aftel' a few days, na one can answer the
paar misguided fellow, and he co rnes back , all
frosted over, chid ing those who hold the secret to
his Lifes Dream and wo n' t di vulge it. Everyone
now adays seems to think they ' re sirring on gold in
their lead scanners.

At the risk of sound ing otfensive. please listen to
me when I claim that o ver 90% of all scanners are
worth less than lead baat anchors in terrn s of
getting anything more out of them than providcd
by the manufactu rers original design.

Most scanners, especially the modern ones, are
just fine for the purposes for which they were
intcnded and sold. Whcn I call 'c m turnips. I 'rn
just sav i n~ that vou bel ter be satisfied with what
'you h;ve :~e lse peddle, pavill, or give 'em away
and get yourself something that has some
potcnt ial.

At the end of this chapter, ril give you a list of
scanners that I think are the contenders 1'01'

Ultimale Scanner projects and those which have
som e potential for greatness if you dig in and
swea t it out.

There is a distinction between those hackable
contenders for the Ultimate Scanner and those
which stand no chance. YO U must come ta gr ips
with this distinction because an understanding of it
can save you a lot of grief and expense . The age
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of alchemy is gone ; the Age of Enlightenment is
here. Only a handful of scanners have any serious
rnodification potenrial. and even fewer are
contenders for the Ultimate Scanner throne.

ril cover most to same extent in this baak. but
please don't ger yourself all worked up into a snit
because I didri 't mention your Horsey-Cow HC
800GTZ.

WHO DO , WORK FOR?

Befare we mo ve on , I have to clear up one little
misconception .

You may think I am on Radio Shack ' s payroll.
...1 wish. I just praise, rant , and rave about a few
of their better scanners. I'rn a tell-it-like-it-is sart
of dude, and I'II give credit to an enerny and scold
a friend when they deserve it. Weil, I dont like a
lot of Radio Shack ' s stuff, but they market sorne
rnighty me an scanners, and they are convenient
for parts, supplies , and support . On that note ,
weïl proceeel sa lon g as you don 't accuse me of
being on their payroll.

Basically, I don't like anv of the manufacturers,
not the big ones. anyway. I'rn a farmer corporate
president and CEO who knows what goe s on up
the re in the headsheds. I don ' t mean anything
sinister by that; just that their preoccupying
interest is sales - sales - sales - toda v. Tornorrow
will take care of itself.

Now that I am on a "sabbatical" and on the
opposite end of things, I don 't like how were
treated as customers.

TALKING TO THE INDUSTRY

It gripes me na end that there are sa few effecti ve
channels by which we can communicate with
businesses to let them know what we want in the
products on which our hard eamed money is
spent. They'll say they 're in touch with their
markets, but how? Letters? Phone? Ri-ght,
Ralph.

Try boogeying into your corner Radio Shack or
Uniden store and teIl them what you want in next
year's scanner. Or call 'em up at their Headsheds
and enjoy the interlude whiJe they humor you.

You may spend hours working through the
computerized telephone maze , only to leave your
advice or want list on an answering machine with
na tape.
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SCANNER ECONOMICS

Let 's do sa me simple math and see if the numbers
converge on a reality... or at least a likelihood.

The Radio Shack cataloz is a market barometer,
and the current one dedicates about five pages
solely to scanners and scanner accessories, with
18 models for sale ! The catalog has 217 pages
plu s the index . Fi ve out of 217 pages is a shaele
over 2% of the space. Is it reasonable, then , to
gue ss that 217[' of their annual sales derives frorn
scanners and related accessories? Anyone have the
late st Tandy Annual Report ? ...in a minute.

Here ' s a second wa y to guess the size of thi s
industry . Assume that there are over 7,000 Radio
Shack store s, and that each sells four scanners per
month (conservative estirnate); that ' s 336,000
un its per ye ur. If the average sale is S l50 , that s
annual scan ner sales exceeding $50,000,000. Th e
real nurnbers are probabl y higher, but the
con servative fig ure is sufficient for this instant
market an alysi s...

SA how about Uniden? Lets be liberal and guess
their sales are about equal to those of Radio
Shack's; after all, a lot of Uniden product is sold
by Radio Shack. The rest of the competition will
be bundled in; sa lets say it 's also a SSOM/year
business .

Shooooey. that ain 't hay, bo ys and girls . Now
let 's tackl e sorne real numbers and check our
werk . Radi o Shack' s owner, Tandy, published its
sales for the first nine months of 1994 at $3. IB,
for a yearly rate of at least $4B. Wow ! Their
catalog devotes 2% of its space to sca nners, and
2% of that $4B is $80,000,000. Our estimates
look okay - or even conservative, don 't they?

Therefore , a $100,000,000 USA scanner market
is pos sible. OK, let' s get real here: $ 100 million
total comprises only a small part of Uniden 's and
Tandy's gross sales figure s.

But the USA is about one-half of the world
consu mer electronics market, sa one can guess the
total global scanner business to be about $200
miJlion.

That's just a medium profit-center to them, and it
works fine as-is! From our end of the telescape ,
those numbers seem to justify effective lines of
communication to cultivate this market.

But there ' s nothing like that. You can shout, but
the only people listening are your fellow
hobbyists.
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OSSTACLES

J' rn supporting the notion that if we want the
Ultimate Scan ner. we' Il have to build it ourse lvcs.

There are increasing obstacles, however. l ve
been told that Radio Shack has a policy to fire any
employee who is into hacking scanners. Radi o
Shack is actively pasting a negative aura onto the
mere concept of scanner hackin g and those of us
who do it.

For certain , neither I nor the backing cornmunity
have ever done anythin g to undermine the sales
revenues of these corporati ons . Hack ing our
scanners is our business and it only serves to
popul arize the scann ers that we select for our
laving attentions.

I' rn sure that a few more scanners than expected
go back to the Ser vice Centers for repair. but it
cannot be an alarrn ing number. Thi s modern
techn ology is very forgiving of error. and in all
the trouble cases of which lam aware. the great
majority of unfortunate hackers were able to
straighten out their own messes, quickly and
easily, with or without my help .

I know of less than a dozen cases where I referred
the poor hacker to his nearest Service Center. And
I know of only two basket cases that resulted frorn
incompetent hack ing. 11' the manu facturers worry
about the potential for drarnatically increased
service calls, it' s a false alarm. Thats because in
must cases the hacke r will gladly pay for the
service. thereby co ntributing to the profit margin
of the Service Center. Warranty wor k will not be a
problem with a properly written warranty in the
first place , and many hackers wait out the major
portion of the warranty period before ripping into
the scanner' s gizzard.

We're an opportunity and a souree of revenue,
even if you occasionally see evidence that the
mdustry doesn 't thin k much of hackers.

THE EXPECTED LAWYER STUFF,
TRANSLATED TO ENGLISH

And now we have to pur in a warn ing. Hacker
hoo ks must have them. you know ... ...

Radio receivers irnportcd into - or manufactured
tor sale in - the United States are requireJ by law
la be "certified" by the FCC and labeled that
certain teehuical standards have been met. This
"c ert ifica tion" is more or less a blanket kind of
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thing, but it is based on the design and initial tests
of production model s of the receiver.

A manufacturer is permitted to place the
"ccrt ification label" on the receivers after the FCC
app roves the design and test results. and may
continue to place the label on all subsequently
manufactured units without further red tape so
long as the design and assembl y are not changed
or altered. When the design or construction of the
receiver is changed. the certifi cation proce ss has ta
be done all over aga in.

How does this influence us hackers: Gene rally, it
shouldnt, since there don 't seem to be any
certi fication rules as a contin gency of ownership
and operation. These rules are aimed at SALES of
receivers. Therefore , it seem s lawful enough to do
whatever you want with your receiver after you've
purch ased it and befare you go to sell it someday.

The manufacturer has met its obligations under the
law, and as far as I am aware, no "modificatio n"
laws are imposed on the end user/operator. I
suppose you could find yourself riding a n the
turnip truck if you did something ta your scanner
that made it emit such strong interference as to
wipe out the neighborhood's televi sion reception.
Short of that, hacking your scanner is prob ably
legit , though you might wish to consult with an
attorney just to be an the safe side.

I am NOT an attorney and I am NOT telling you it
is legal to hack your scanners. I j ust think ie s
okay , as long as it does not emi t unlawful
interference.

On the other hand, there may be a bit of a problem
if and when you want ra SELL your magnificent
TurboWhopper Ultim ate Scanner. Since you've
modified the sucker from its original certified
condition. the authorities just might deern that
original certification to be nul! and void and
thereby concoct ample reasen ta deposit your
personage into the Federal slammer and your
TurboWhopper into the Evidence Room. Sounds
a little far-fetched. but far-fetched things like this
can happen.

Just to clear my conscience (and stay out of
trou ble myself) , I have to warn you to be aware of
this potent ially troublesome matter and advise you
to consuit with an atrorncy before you advertise a
cellular-capable Ultirnate Scann er for sale,
Authorities do look at advertisernents from time to
time... especia lly radio author ities who, in thei r
off hours, are probably about as interes ted in radio
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as yo u and me. Radi o is one of tho se rare pursu its
wh erc it ' s fun to both work and play.

Remember that.. .

THE CONTENDERS, RUNNERS-UP,
A!.SO-RANS

And now, the moment arrives. I have to piek and
choose among over 400 scanners ever made,
looking for those that wil! ge t special treatment
and focus in thi s book. Justice can be done onl v to
a handful, for the manv reasens alreadv c ited. Th e
primary criteria for anenuon inc lude the age.
availabi lity, and quality of the scanners . These
criteria are, for the most part. objective ly derived .

The only emotion s possibly invol ved are toward
those sc anners where manufacturers or
distributors were eith er uncoop erativ e or where it
was not possible to obtain qu ality serv ice
manuals.

With exception of the PRO-2004/5/6/2035 series
(impeccable credentials and establi shed quality), I
do not bu l' scanners for personal review until I
know my investrnent will be sound.

Manufacturers do not give or lend me sca nners for
review. Until thel' do, I ha ve to BUY thern , ju st
like you do, at retail, in order to develop any
substantial knowledge of them . I can 't afford to
bul' more than a few and I wo n' t bul' just any
scanner until I have areasonabIe assurance that the
purchase will be worthwhile.

Part of that knowledge co me s from my extensive
pre-reviews of the service manuals. Part comes
from evaluating press releases and media attention
on new market entries. Part comes from intuition
and experience. And part comes from the user
community which generally makes the best
judgment of all.

The list that ' s about to come really wasn 't picked
so much by me as by YOu. My piek is really a
consensus by the hobby ; based upon our ability to
support the best opportunities.

If your radio does not appear on the "good" list ,
please don 't be offended; it is merely one of those
rigs with which you will have to be happy pretty
much as it is. There isn't really anything I can do
to get your radi o on the list. Turnips, remember?
On the other hand , there is a LOT that can be done
to mo st any half-wal' modern scanner, and a few
things that can even be done to some turnips.
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Tm not goi ng to prepare detailed hack attack s for
every scanner ever made. But there is a section
that applies to mo st scanners and how to dissect
them and identify tho se areas that can he modified
or enhanced . You will receive gen eric instructions
and a gen er al plan for the hack attack. It will be up
to you to apply th is plan to yo ur particular
sca nner. Remember, I can ' t cover them all.

MORE AND MORE CA VEA rs
If yo ur radi o is on the list. don 't do handsprings
and somersa ults: you might hurt yourself. Radi os
on this list might or might not he capable of all the
performance you want. Also, I will not prepare a
detailed hack attack for all the se, either. As I
de velop a modificat ion for a particular scanner, I
wi ll offer ge ner al tidbits on how to apply it to
e the r scanner s... if it can be done. Sornetimes, a
mod wi ll be goo d only for two or three radi os,
so rne times j ust one , sometimes all but one. You
know how it goes by now; we ' re at the mercy of
the original design. One example is the group of
ex tended memory modifications.. . I' 11 show the
new techn iques for one scanner, and those
techn ique s are readil y adaptable to the other dozen
or so scanners that use the same kind of memory,
and/or the same chip configuration.

If I showed them all , with ev ery possible
perrnutation , this book would outweigh your ca r.

SUMMARY

With thi s, my third scanner book, and a four- year
publishing record with the World Scanner Report,
I think I am in tune with the scanner community.

Still , there are some who can 't be satisfied. Lik e
the angry fellow in late 1994 who bought one of
my first two books (published respecti vely in
1989 and 1991 ), and was incensed that his PRO
43 (introduced in 1993) was not covered in them.
Th at dude came after me with both barrels.

My goal for this bo ok is to concentrate on a few
widel y accepted radios in the pursuit of the
Ultimate Scanner and at the same time, convel' a
variety of modifications for several scanners sa as
many people as possible can benefit from the
Hacking Experience.

This is your adventure , so STOP! LOOK!
LISTEN! Get prepared mentally, physically,
em otionally.
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De velop an attitude ; gather some patience; pack
your sack: stash yo ur tra sh : open up your mind
and let yo ur fantasies un wind .

ULTIMATE SCANNER STARTINO
POINTS, TABLETOP UNITS

Radio Shack PRO- 2004. 2005. · 2006. · 2035

AOR AR-3000A *. AR- SOOOA*

Other TR-2400*, TR-4500 *

• A utho r's choice of be st of the best

...throughout, where ver yo u see an asteri sk *:

I, and m v [ellow hob bvists who share- . -
infon nat ion with me. don 't know a lot about
these radios other than published sp ecs.

Tliat ' ,I' elfje to recent entry, IlO technical support,
lack ofcoope ration bv manufacturer and
distributo r, etc . They therefore cannot he treated
comprehensive ly in this hook. and are listed
onlv because of apparent good technical
speci fications.

RUNNERS-UP

Radio Shack PRO-2032, 2036, 2037, 2026

Uniden BC-760, 890, 8500, 9000* XL T

AOR AR-2500*, 2515*

Othcr Shinwa SR-002, Regency R-1600,
ICOM R-IOO*, Kenwood RZ-l *

NON-CONTENDERS NOW,
BUT IN THEIR TIME?

WHO'S ORE?

Th e PRO-2004, PRO-200S , PRO-2006, PRO
2035, and PRO-43, manufactured by General
Research Electronics (GRE, of course) in Japan
for Radio Shack, are superbly crafted scanners ,
readil y available on the new andJor used markets
as of thi s writing.

The PRO-2035 is the non-cellular-capable
replace ment for the PRO-2oo6, but makes up for
that deficiency with an overwhe lrning number of
brand new features and powerful capabilities,

... Autho r 's cho ice ofbest of the best

ULTIMATE HANDHELD SCANNERS
Radio Shack +PRO-43

Uniden BC-2500 XLT

FEATURES AND CAPABILITIES

Th e PRO-2035 's lack of cellular capability and the
possibility onl y of a l- way computer interface
certainly helps the PRO-2004, PRO-200S, and
PRO-2oo6 retain the market' s interest. They are
not outdated at all ! All four share much the same
design , with the first three being almost clones of
eac h other. The PRO-2oo6 and the PRO-2oo4 are
much alike, though the 2006 is advanced in the
spee d, sque lch, and selectivity departments.

Th e PRO-2004 can be modified to 2006 standards
in all ways but speed - and maybe that too,
thou gh I confess r ha ven 't tried . The PRO-2oo4
hit the stree ts in September, 1986, and was
replaced by the PRO-2ooS in May, 1989 , after
which foll owed the PRO-2006 in May, 1990.

The PRO-2035 shoved the PRO-2006 off the
shelves in September, 1994 ,

Each of the se four ha s spec ial me rits over the
others such that I can hardly rate them again st each
other. All are "separate but equal" in my opinion ,
j us t like my children, the exception being the
PRO-2ooS which has almost no technical
advancement over the PRO-2oo4, and which
otherwise was downgraded from the PRO-2004 to
a plastic case with an inferior keyboard. I see no

JIL SX-400

AR-I000XC*, 1500*, 8000*

MVT*

IR-l

Uniden

AOR

Radio Shack IPRO 2039, 2030, 2027, 2022,
12003, 2002

IBC-855, 800, 590 XLT

AR-950*

Yupiteru

ICOM

AOR

Othcr

UL TIMATE HANDHELD SCANNERS 
RUNNERS-UP

Radio Shack §PRO-43a, 39, 37, 34, 46,
51,62

Uniden BC-200, 100, *220 XLT*,
SC-l50B*

Regency R-4030, 4020

§ non-cellular replacement fo r original PRO-43
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reason to settle for a PRO-2ooS unless yo u
already have one. You ' re not stuck : its just not
your best starting point.

FAVORITES
My personal favorite remains the PRO-2004
followed by the PRO-2oo 6 and then the PRO 
203S with the PRO-200S bringing up the rear of
the winners list. For you dear readers , I sugges t a
differe nt rating structure, in this order : PRO-2035.
-2006. -2004. and -2005. 1have ra put my own
teelinas aside for the zreater nood, vour good.
and s~r II ernphasize ~' i rg i n n~cwness Ior ~\'annabe
and novice hackers. The PRO-2035 will rernain
new and on the shclves tor some time: the rest are
relegated to "used status now. and un!ess you
know what vou ' re doin c. the used-rnarkct is
always riskY. If yo u aretechnically savvy. you
can go by my prefe rences. though most likelv
you' Il have your own. 11' you really need a guide
In a big way . then you can buy the PRO-2035
with a clear conscience, despite my tcet h
gnushing.

Us old-timers ge nerally resist new stuff. you sce .
You c.in think for vourse lf. Now let' s chat about
each of these contenders . .

To help you make a goed dec ision as to where to
start, and wha t to start with, here s sornc inside r
stuff .

PRO·2004

Be ca refu l with the PRO-2004 bccause carlv in its
production life (ear l)' 19S7), there was a ru~ of
units with defective solder joints ' Apparently, the
produc tion wave so lder ing mac hine slowlv driFted
out of whack before thc p~oblem was discovered
and correcte d. -

The result was that a fe w hundred PRO-200-+' s
passed quali ty control in the plant. but failed sorne
time t hcre~ftc r.~ Radio Shacks \:'arranty program
caught qu ite a tew, but sorne un its perfonned
flawle ssly until weil after thc warranrv had
expired . .

Syrnproms of the problem include interminent
operation at first. and finallv. totai tuilure. Thc
Iailure mode was aften c\<.il:erb:.Hcd bv arnbicnt
anJ interna! tcmperatll re excursiul1s . (Solder metal
expands ,md contracts with templTatmc chan ges.)
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These defective PRO-2004' s ran weil at cooler
temperatures, but as thc unit s warmed up.
operation turned erratic and then failed and often
stayed failed until cooled dow n. Between
warranty and after-warranty repai rs, I would think
most of these defectives have been remed ied by
now .

I repaired quite a few between 1987 and 1993.
The stream seems to have dimini shed now with
the rema ining defectives probably having been
ju nked for parts or stowed away in garages and on
closet she lves.

This high lights a slight risk in buying a used
PRO-2004 now . Check it out thoro ughly before
committing to the dea l. If it continues to function
after a thorough warm-up. I 'd guess it will
perferm wel! in the months and years ahead, but
troubleshooting and eerreering defec tive solder
joi nts is not an easy task, and wiJl be expe nsive, if
professionally done.

There is no known cornmon fai lure mode in these
detec tive PRO-2004's: the bad sa lder joi nts can be
anyw here in the unit, and 1 have seen some units
require several repair cyc les before all the
defec tive joints were found and resoldered . Fix
one bad joi nt today, but another could pop up
tornorrow , see?

I do not know of any comparable Iailure modes in
the PR O-2005, PRO -2006, and PRO-2035, If
YOLI f ind one werki ng , there is every reasen to
be lieve it wil1stay werki ng. So now you
understand whv I rank these scanners a lin ie
differently. depe nding on whether the list is for
you or 1'01' me .

I can fix 'em. but have to assume you can 't .

VIVE LA DIFFERENCE!

There we re two distinctly different produc tions of
the PRO-2oo4, by the way. and the dcfect ive
solder-joint prob lern seems lirnited to the first.
Theres bath an easy and a pain -in-the-butt way to
tei l the diffcrence between the two runs.

The hard wa)' i:-. to pop the metal case off the
scanner: turn the unit upside dow n, and pry off
the corn partment co ver to the Logic/CPU board .
PC-3. Insiele wil] he a large 64-pin DIP chip, the
CPL' . Earl)' units had the chip nurnber ·'GRE·
0327" anc! later ones were marked "GRE-0327 A."
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The easiest way to tell is possible ONL Y afrer the
scanner has been modified for cellular capab ility.
Early models with the 0327 chip wili Limit and
Direct SEARCH in 12 .5 kHz steps between
868.950-870 MHz; and the norm al 30 kHz steps
between 870-890 IvlHz.

The 12.5-kHz step appe ars again between
891-894 MHz. Units with the 0327 A chip will
search the e ntire CMT bands in the proper 30 kHz
steps. The chip has nothin g to do wi th the
defective salder joint problem , but if you're
buvinz a PRO-2004 frorn someone, and it has the
0327Achip, your concerns can be lessened. On
the other hand , its always possible that the 0327
chip was swapped out for the 0327A. sa examine
the unit closely, if you can.

Caveat ernptor!

THE FIRST MODIFICATION!

This prompts the first Ultimate Scanner mod in
this baak! 11' you have one of those early PRO
2004' s that otherwise works okay , you can
upgrade it to the later version by exchanging the
GRE-0327 chip with the newer GRE-0327A chip,
available from Tandy National Parts Center at
(SOO) 442-2425. Order for catalog #20-119 ,
GRE-0327A , circuit symbol IC-S03 .

Disconneet all power ; remove the Memory
Retention Battery: remove the seven screws from
around the perimeter of PC-3 : disconneet ONLY
the one cable and connector eN-SO I frorn the left
rear area of PC-3. The board can thcn ni p up.
forward, and over to allow easy acce ss ro the
salder side of the board.

Rernoving that ó-l-pin D IP chip i" not the casiest
chore in the world. but can be done i f vou re
pat ient and persistent and use a solder ',ueke r a nd
desoldering wiek. Also. I hope you have plenty of
time to do it right :

You may have to cut sorne pin-. away trom the
chip on the component side. espec ia lly these that
are soldered to bo th sicles of the board. Th at' s
okay , because you rcall y wori't need the old chip
anyrnore. Once you have it out, therc is na earthly
zood reason to solder the new one in ~ Instead,
~o lder in a 64-pin DIP secket or a pair of 32-pin
pin-Iine soekets to the board.

Then plug your new CP U chip into the socket:
Cheap insurance against blowing the new CPU
with excessive heat or mishandl ing. Also. it will
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be a snap to replace if ever the new CPU blows
for any reasen .

If yam PRO-2004 otherwise runs well, there may
be na reasen to rush into this hack . hut I dont
know how long Tand y wil! stock the replacement
0327A chip sa it rnay be wise to get one before
too long. No manufacturer stocks parts for off
market products forevcr, most being for about five
years after the model goes off sale .

While you 're at it, there are a coup Ie of other parts
vou mizht want to stock un for a continzcncv. The
tIrst is the eiectroluminescent panel backlight for
the (liquid crystal ) displa y.

For sorne reason, these darned things wear out
and need periodic replacernent. The part number is
GE-86D-601!. You might also want to lay in a
spare front panel assembly and keypad overlay.
part nurnbers GA-86D-6385 and GE-S6D-6358
respectively . These latter three items , EL Panel,
Front Panel, and Keypad Overlay wil! make your
PRO-2004 look brand new which might enhance
its sale if you 're look ing to peddle yours .

ANOTHER 2004 HACK

We haven't gatten to the real modification section
yet, but I will highlight one more possible upgrade
for the PRO-2004 for those daring and foolhardy
souls willing to try anything . Be sides, if you
totally blow your unit trying this, you won't even
need the rest of the book.

r haveu ' t donc it mvself. nor do I know of anvone
who has, but i suspect (and other expert h ack~rs
do u' t disagree ) rhar a PRO- 2006 CPU might be
made to replace the one in the PRO-2004! The
PRO-2006 Cl'U is a 72-pin. more or less square.
surfa ce-mount (SMT ) equivalent of the PRO
2004 's 64-pin DIP CPU .

Cernparing the two service manuals, it can be seen
that each of the two CPU s have the same number
of exactly m aich ing .flm ctional pins at 62 each.
The PRO-2004 's Cf'U has two "n/c ' (no
conneci ion) pins while the PRO-2006' s has ten
"n/c" pins.

The process would entail laying the 2006' s CPU
atop a 64-pin machine-pin IC socket or header and
with point-tc-point wiring, connecting each of the
surface-m ount chip pins to the cortespondi ng pin
of the DIP header or secket.

Good luck... and as alw ays, LET ME KNOW ~

Th is is how our body of knowledge grows.
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THE 2004 DIODE MATRIX PRO·2005

Next, the diode matrix of the 2004 has to be
rearranged to match that of the 2006. Again,
comparison of service manu als is required . I'rn
not going to spell out the details here, since if
youre ball sy enough to try this job. youre
sufficiently asture to have alread y noted the
rernainin g minor differences between the t\VO
switch matrices. Naturally, youl l exch ange the
2oo4's CX-SOI at 7.37 MHz with one fr orn the
2006 at 12 MHz.

Microsurgery is ciefinitcl y required for this job and
with thc cost of a 2006 CP U in thc neighborhood
of S50, this is not a job for the fairn-or-heart nor
these to whorn disaster might cause a heart attack .
Sa . if youre guts)' and had a recent physical, ge t
out your blowtorch und crowbar !

There is plenty of risk here. ancl if the project is
success ful the rewards might be worth it only to
the most dedicated hobb yist who leaves no stone
unturn ed . Benefits of the updated firrnware of the
2006 's CPU over the 2004 ' s reall y boi1down to a
max speed boost from 10 -ch/sec to 30-eh/sec.
diode speedups alreudy considered.

If thi s job is successful . thcn moelifying squclch
(Chapter 6) and selectivity (I' rn werking on it! )
wil! give you a PRO-2006 in PRO-2004 's
clothin g; clearly the best of two world s.

2004 SUMMARY

Summarizing the PRO-2004. its an excellent
scanner that either has all the spccs and capabilines
of the PRO-2oo6 or that can be brought up to
most specs with relative ease .

The PRO-2004 is unique, withou t peer. given
ruggcd construction. metal cabinet. sioped front
panel, large display. and a smooth, tactile
keyboard on which tafter sorne practice ) your
finger s can really fly ~

The PRO-2004 has plenty of real estare for
modifications and add- ons . Thc downside is its
age and slight potential for sa lder joint problems.
If vou can live with that , then the PRO -2004 is as
cO;11petiti vc as any and better than most, and
clearl y qualifi es as a foundation for the Ultim atc
Scanner. I sec used PRO-2004 's cont inuall y
appear on thc market fot' between $25 and S150
with about 575 typical anel reasonable .
Professionall y hackeJ and upg raded PRO-2004 's
command much higher prices. thou gh.

The PRO-200S is linie more than a repackaged
PRO-2004. The AM sectie n sports a ceramic IF
filter for better aero band selectivity than its
predecessor : otherwise , its entire electronics
layout was changed for the new chassis and case
that were to becorne standard in the product line.

The front panel is nearly vertical and the keyp ad
reduced in size and refitted with discrete button s,
making operanon more of a chore, especially for
southpaws and for the se with large hands. The
display is functio nally the same as that of thc
PRO-2004, but smaller and harder to view .

Still... if you have one of these units . it might be
easie r to upgrade to 2006 specs than the PRO
2004, with a simpIe squelch modification and
rcplacemeni of the stock CPU with one from the
PRO-2006: a drop-in replacernent. By "drop-in," I
meun pin-fot-pin replac eable .

Unsoldering these 72-pins without darnaging the
LogiclCPU board is easier said than done. but I
have done it. Of course. CX-501 at 7.37 MHz
neeels to be replaced with the 12 MHz version
from the PRÖ-2üü6 . Thc keyboard matrix needs
ro be made to match that of the PRO-2006. but
you' I1 know what to do there if you ' re capabl e of
replacing the CPU.

Another possible way to upgrade to PRO -2oo6
"pees is to replace the entire Logic/CPU Board
with one from the 2006. Thc expense of this at
just under S200 is probably not worth ItJU SI to get
30-ch/sec . Also. Radi o Shack Service Centers and
Tandy Nation al Parts wil] not ordinarily sell you
an entire board .

I mention this only because I have heard of it
being clone . I' ve tried to gel boards ancl they
won ' t se II them to me The 2005 had such a short
marker-life you dont see too many used one s on
the market . Price s vary wildly, but I'd not pay
more than about S50 for a clean one.

Surnrnarizing the PRO 2005 , it ' s a PRO-2004
with missing advantages, but it is a good unit. If
you alreacly have a PRO-2005, then use it. You're
sitting on a machine with potential to manipulatc it
into the Ultimate Scanner of your dreams.

PRO·2006

For man \' of vou. this is thc best there is! The
scan ner illarket was sound asleep when the PRO
2004 was introduced in 1986, anel by the time
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people wake up the 2004 had been replaced by the
200 5 - wh ich lasted but a year.

Th e PRO-20ü6 w as introduced during a periad
when the scanner market lirerally ex ploded and
we nt throu gh the roof. Ir stayed on sale for four
years of a boom m arker. and I would guess there
are maybe a quarter-rn illion or more of them "out
there" now.

If your sc anner budget is tight , hang loose
because more and more of these \Vi II ap pear on the
used mar ket in the months and vears ahead .
Ex pect prices to ran ge between J S 125 and $300
th rough 1996.

Beware that a change of faceplates on a 200 5 with
one for a PRO-2oo6 can conceal the scanner 's
identity. It ' s not foolproof, but check the label on
the rear chassis befare bu y ing a used "PRO
2006." Better to pop the top cover and look for
"TP-2" on the main receiver board. In the
PRO-2006, TP-2 is near 1'-6 and 0-33 while in
the PRO-2ooS, TP-2 is located next to IC-2, Pin
9, and CN-4.

There are othe r ways to teil the difference between
a bo zus PRO-2006 and a real one. but the
foregoing is about the quickest , easi est , and most
ce rtain.

I know ab out this scam of dressing up a PRO
2005 in 2006 's clothing, thanks to a fellow who
had requestcd assistan ce from me ab out a
modification on his 2006. I as ke c1 hirn to take a
measure rne nt at TP-2. but he repo rte d back that it
did n' t exi st ! Huh? Later he wrote to proc laim that
I mus t have been mi xed up... "TP-2 was located
by IC-2!" Whoooaaa there , Hoss ... bra kes!
Screech! Halt! Turns out he had just bo ught his
scanner fro m a Rad io Shack sto re ... it came w ith a
box, front pa nel , rear la be l, and owner ' s rnanu al
for a PRO-2006, but TP-2 was located by IC -2 ~

T hat' s a PRO-200S, bo ys and cirls . na two wavs
about it. Some double and tripl~ chec ks conf irn{ed
it. so I rcfe rrecl the fe llow to hi s local Radio Sh ack
District M anager and never heard from him again .

I ha ve since determ ined tha t it is relative ly easy to
rem a ve that label on the rear chas sis and rep lace it.
Ex ch anges of the fro nt panel are a piece of cake .
Scan spee d is not a ve ry good ind icator of which
scanner it is, because a couple of speedup mods
can push the PRO-200S cl ose to 2006 specs.

Sa let buvers of uscd PRO-2oo6 ' s beware - there
is eno ugh di fference between the two that if you
pay attention , you can prevent the possible scam .
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TELLING THEDIFFERENCE

There were two di stinctly different productlans of
the PRO-2006, by the way, but the re is na
func tional d iffercnce betwee n the PRO-20ü6 and
the PRO-2006A , c1istinguishable by eithe r of two
methods .

The PR O- 2006A is not ed by its "L ight" swi tch on
the fro nt panel anel the caralog number of 20.:145A
on the real panel label.

The PRO-200 6 is distinguished by the "Dimmer"
switch on the fro nt panel and the catalog nu mber
of 20- 145 on the rear panel label. The first two
ye ars of the PRO-2006 had the dimmer swi tch
which brightened or dimmed the blue LCD
backlight, while the last two years of PRO-2006's
had the "Light" switch which just tumed th e
backligh t on and off. That is the only difference
between the two units, and it is not s ignificant.

I suppose of the two, the better is the 2006A,
because keeping the backlight tumed off when not
needed will prolong its life somewhat. That 's
splitt ing hairs!

The PRO-2006 is a righteous scanner with a ton
of performance and an ounce of drawbacks.
Drawbacks are but tw o : the unrecoverable gap
between 520-760 MHz. and the poorl y designed
keyboard.

An y other shortc om ings are common to most all
scanne rs, for the most part and need not be dwelt
upon here. Performance is rock solid , with good
sensitivity, good se lectivity, irnm unity ta image
freq uency interfe rence and most o ther fa rm s of
pseudo interference including intermod an el
stro ng-signal ov erlaad.

Of course, th e PRO-2oo4/5 and 203 5 share thi s
advantage for the most part, toa. The PRO-2oo6
is highly modifiable , exceptionally forgiving of
erro r. and will be supported by T andy Natio nal
Parts for the ne xt several vears. The PRO-2006 is
the lat est . newes t, and most potent of all widely
availab le sc ann ers to zo onto the used marker.
There j ust isn ' t anything much really bad to say
ag ains t the PRO-2006, sa it ' s right up there as one
of the bes t choices as a pathw ay to the Ultirn ate
Scanner.

PRO·203S

I have this new sc anne r in rny paw s, hot off the
assembly line . but theres not much I can sa v
he re, yet. It 's good. and we' re off to a great start,
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but the BBS needs input from all you hackers so
we can real!y get going on this one.

I can highlight some ups and downs about the
PRO-2035 here, based on my experience with it
so far. For the latest on this fine unit, including
the continuing saga of specific modifications for it
and worldwide user experience, you'I1 need to
take out a subscription to the World Scanner
Report where we 'I1 keep it CUITent and under
continued development.

EVOL.UTION
The PRO-2035 is very much like its ancestors, the
PRO-2004/5/6, in its fundamental design. There
are differences, but they are mostly enhancements
rather than fundamental changes.

The first major differcnce I saw was a new Master
Reference Oscillator, X-30 I, in the PLL section in
the shielded compartment just behind the tuning
knob. This one is 12 MHz in contrast to the 10
MHz version used in the PRO-20û4/5/6.
Otherwise, the PLL section is similar to that of its
predecessors.

Another difference that jumped up and bit me on
the nose was an apparent lack of a Memory
Retention Battery, but then 1 found it, a3-volt
"button" type lithium cell soldered in place on the
main recei ver board! This is going to pose
problems for the casual "Joe" who doe sn 't know a
soldering iron from a tire iron .

We hackers will manage nicely , since Radio
Shack will probably stock the se batteries for one
thing and replacing it will be a piece of cake to
those who know how.

The harder-to-replace Memory Retention Battery
might suggest that Radio Shack thinks it won' t
need replacement very often. l'm not sure 1 see
how that can he since for all intents and purposes,
the memory chip is about the same as that of its
predecessors, which we al! know can drain a 9
volt battery in a year or so .

We'lI see ...

Jf~"'Pfl.Y· ' ·
The PRO-2035 uses not a 2k x 8 SRAM (16k)
like its predecessors , but an 8k x 8 (64k) S-RA.~.

Therefore, my standard memory mods wil! work
weIl without deviation from procedure . A 32k x 8
SRAM will provide 4 ,000 channels while a 128k

x 8 SRAM will yield 16,000 channels. See the
modification section for the latest variants of how
my MOD-16 Extended Memory wil! be possible
for the PRO-2035 . 4 ,000-16,000 channels should
suffice for most needs, eh?

THE BOARDS AND DISPL.AY
The PRO-2035 has only two printed circuit
boards. both much easier to access and hack than
those of the PRO-2oo4/5/6. The Main Receiver
board is out in the wide-open spaces, top and
bottom, so that rernoval will rarely if ever be
necessary.

You can get to most everything here! The
Logic/CPU bo ard is also easier to access with no
soldered-down shields nor cramped qu arters as in
the PRO-2005/6.

Ir' s hard to beat the ease of access to the
Logic/CPU board in the PRO-2oo4, but the PRO
2035 comes close.

The PRO-2035 does not have a separate LCD
driver chip like the PRO-2004/5/6, which means
that ir' s located in the CPU chip where we can' t
access it. That precludes a full adaptation of the
CE-232 Interface to thi s rig. A one-way interface
using the CE-232 for AutoProgramming and
Keyboard Controlling from the PC has been
successfully implemented, but the data acquisition
side seems improbable without the ability to
access the serial data and serial clock line s
between the CPU and LCD dri ver.

The trouble-prone electroluminescent backlight
panel (EL Panel) of the PRO-2oo4/5/6 series has
finally given way to a modem concept: light
emitting diodes! The PRO-2035' s LCD Display is
illuminated from the rear by nine bright yell ow
green LEDs to produce an adequate contrast with a
rather sick color. I guess blue LEDs are still too
expensive for Radio Shack's blood, but ifyou
don't like the sick green, it may be possible to
change LED' s for a back-light color of choice.

MORECOMPAR,SONS
In terms of hardware, I see very little that can be
called "new" in the PRO-2035 with exception of
the "TUNING" knob and its related functions .
This means that mo st of the feature differences are
a matter of finnware that' s permanently
programmed into the Cf'U, Firmware features are
a problem to us hackers because it makes the
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receiver more and more like a computer that 's
dependent on the quality of its software as to what
can be done with it.

Weil, modem software is really hard, if not
impossible, to hack. Uniden has long relied on
firmware to make its scanners seem so auracrive,
but when you start trading off hardware for
software, there is always a loss of quality. Thi s is
especially applicable to both computers and
radios , because it's the hardware that determines
quality while software or firmware determines
what and how much you can use that hardware .

Well , the PRO-2ü35 seems not to have lost much
of the hardware sported by its predecessors and at
the same time , it gained a lot of firmware. In the
final analysis, it is probably the best overall
receiver so far in the series, but it may well be the
last of the best, too, if the move to firmware is any
indicator.

The PRO-2035 is definitely a hands-on scanner in
the sense that its new feature s of channel and
frequency management are controlled from the
unappealing keyboard. That is to say that you can
move frequen cies around from channel to channel
or even move whole groups of frequencies at one
time by keyboard manipulations... a nice touch.

But that ' s "firmware" for you.

Even the TUNING knob is more a matter of
firrnware than hardware . Knobs are knobs, and
this one goes straight to the CPU if that tells you
anything, Wh en you con trol a CPU, then you 're
centrolling the firmware , or exactly what the
manufacturer wants you to control, and nothing
more. Understand? Comprende? Savvy?
Wakaremasuka?

lust keep in mind when you look at flashy
features on an as-yet unreleased, six ounce,
micro-sized SuperWhizBang that it con sists of a
case and a chip, so you cannot get to the guts of it.
The more discrete components, the easier it is to
hack. The more highly integrated (fewer chips and
inaccessible programming, or firmware), the
tougher.

Fortunately, the PRO-2ü35 retains much the same
electronic design as its predecessors, which
mean s, firrnware or no firrnware , there will be a
lot we can do to polish this baby: S-meter, Center
Tune Meter, Extended Delay, Automatic Tape
Recorder Switch, Extended Memory, and much
more .

Given time, this unit will evolve!

Cheek3
: The Ultimat e Scanner

SUAfAfJlRY OF TIfEi:w'NNERS
Any of the PRO-2oo41S16 and PRO-203S units
will make a fine cornerstone for the Ultimate
Scanner of your dreams.

H' s a tossup as to the best ofthe best and I wori't
make that choice for you. Each has advantages
over the others, but the PRO-2ooS is slightly
behind the front runners since it is a repackaged
PRO-2004, and misses a few niceties.

The PRO-2035 offers distinct advantages if ultra
modern features and utmost basic performance are
at the top of your list.

On the other hand, if cellular capability and full
two-way computer interface potential are at the top
of your list, then you will select between the PRO 
2004 and PRO-2006.

AND..·NOW THE.· · .REST OF THE. PACK.~~

Sorry, but AOR and their complementary or
competing (dunno which ) TR-series scanners will
only be casually mentioned, for previously stated
reasons. They are premium, high quality
scanners, and for some operators, may indeed be
the Ultimate Scanner. Great specs, super
performance, but.. .

They have good performance out of the box. It's
just that you're on your own when it comes to
modifying these rigs: I can't get enough
information to help you with them .

And regardless of how good they are, they are
missing fT! There ' s just not enough hobbyist
discussion and experimentation to generate the
synergy that makes a product successful.

ULT''''ATE ·SCANNER :'-'Q'''N~RS.Qp••.~ .. ...
The PRO-2037 with its triple conversion and
'hyperscan ' may be among the best of this buneh,
but with limited coverage and other ho-hum
features, it won 't climb higher. The PRO-2026,
Uniden BC-760XLT, and Regency R-1600 are
clones of each other, though the PRO-2026 has
different firmware and internals.

Nice scanners for the most part, but lacking in the
more critical performance features demanded by
the compleat scannist.

The BC-760XLT was long Uniden's flagship
until eased aside by the BC-85OOXLT. It's
capable of some decent hacks including cellular
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and extended memory to 6,400-channel s or more .
Also capable of CTCSS operations with Uniden's
optional add-on module (but yo u' re paying MORE
for SILENCE !).

There were two productions of the BC-760XLT,
the earl y one prior to 1988 that sported a
Motorola-type antenria connector; and the later
version . with a ENC connector. The gut s of the
two were markedl y different as well, which
explains the different cellular restoration
procedures.

The R 1600 is a clone of the later BC-760XLT but
is not seen around mu ch. Uniden bou ght out
Regency a few years ago and probably continued
to make a few scanners under that name to
appease Regenc y loyalists for a while . The BC
890XLT was a decent sca nner, but overpriced and
there' s little that can be done with this rig. Lots of
built-in (inacces sible) firmware ; no guts .

The BC-85oo and 9OO0XLT lead Unideri's line of
quality scanners, with no close contenders in
terms of performance , features, and modi fiab ility.
While the y are indeed feature-ric h, the BC-85oo
and 9000 do not contend with the Ultimate
Scanner contenders because the y are not cellular
capable, cannot be inte rfaced to a computer and
typi cal of the Uniden line , though anything cao
happen when we thoroughly evaluate the new
9000.

They are nic e looking scanners loaded with highl y
integrated chips and firmware , packed into a
mostly ernpty cavit y.

There isn't anything mu ch you can do to Uniden
scanners, including the top-of-the-liners. Uniden
receivers are fabbed with proprietary chips and
modules (flatpacking, as we say in the trade ), with
high levels of integration. While this makes for
good performance:price ratios, cheap assembly,
and good reliability, there are tradeoffs in access
and modifiability . Here it is aga in: when you
cannot access the circuitry between two functions
integrated into a single chip, you lose options!

If you never remove the cases of your scanners,
then the BC-9OO0XLT is worth a second look on
your shopping list. It is the best they 've managed
to date. You ' 1\ see later where there ' s not a lot we
can do to it. When it comes to modifiability, the
BC-8500 and 9000 are very nice ... turnip s.

Radio Sh ack ' s PRO-2036 look s suspiciously like
the Uniden BC-8500XLT, and is probably a clone
with Rad io Shack custom-specified firmware.
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More and more of Radio Shack ' s scanners are of
Uniden ori gin , so this is a di stinct probability . If
so... yaWl1 ... except for its optional CTCSS
capability if that ' s important to yo u.

Uniden has now released its 9000XLT, a
co nside rable improvement over the 85OO-series,
bu t no cigar! As-i s, it is a very good scanne r with
excellent performance (low noi se , high sensitivity,
fast switching/seeking, etc .), but for us hackers
it ' s a problem since , like its Uniden predecessor,
it ' s highl y inte grated.

NON-CONTENDERS BUT QUALITY (IN
THEIR TIME)

Th ese scanners are all nice ... or once were ... in
their time . Th ere is nothing about them now to
wa rran t a lot of attention. Some are new or CUITent
market models, but all on thi s list have old
technology in them or they are highly integrated
and inac ce ssible, or use high level s of integ ration
witho ut accessible ROMs or data path s.

There are a few things that can be done to these
scanners , so watch for them in the modification
section just ahead. Don't get mad because I dori 't
rate them highly . Sorry , but they 're (nice) turn ips.

ULTIMATE HANDHELDSCANNERS
My choice of the Ultimate Handheld Scanner may
seem arbitrary and capricious to some extent, but
to my way of thinking theres a so lid foundation .
The PRO-43 (not sold anymore) wa s one helluva
handheld that shared some of the electronic
architecture of the PRO-2004/5/6 and 2035. The
actual receiver diagrams appear startling ly similar.

The PRO-43 offers quality not available in any
other handheld scanner. Now I will readily
concede that the AR-looOXC, AR-ISoo, and the
new AR-80oo, not to mention the ICOM R-l and
the Yupiteru MVT-7100 all offer greater coverage
and more features than the PRO-43. Take that to
the bank. If you are a shortwave listener and a
scannist, but can have only one radio, then one of
these may be better for you than the PRO-43. If
so, I don't mind.

Ju st be forewarned that the ICOM R-l and the
AR-IOOO are not "u ser friendly. " The ICOM R-I
has a major design flaw in its relatively simple
recei ver section that admits massive interference
and birdies. Incidentally , it has a superb service
manual, but there is little that can be done to this
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unit because it' s sa tightly packed and integrated.
Buy an R-l and you have to be happy with it as it
is. Nice radio, except for its birdielinterference
problem.

And just try to get a service manual for any of the
Yupi or AR radios. The AR-lOOOXC is a nice
radio, and they make other good ones, but without
technical support and disclosure it' s an also-ran in
the Ultimate Scanner race.

8ACK.··.····TO·········T",E·.··.43
The original PRO-43 is backed by a great service
manual and has a triple conversion, double
balanced mixer receiver that's free from most
interference. It has wide coverage and is cellular
restorable. The 54-88 MHz band is recoverable,
too! No big deal since most of that band is the
VHF-Lo TV area, but there can be a lot of
interesting action in the little known 72-76 MHz
utility band, which is otherwise blocked until you
restore it.

Beware the new PRO-43A sold after April, 1994:
so far, we haven't found a way to get that extra
coverage. Consider it a different scanner!

There's a bit more in the PRO-43 that can be
extracted including a great S-meter function, an
audio improvement or two, and even a nice
memory expansion. Cramped quarters and skimpy
real estate conspire to limit the things that can be
done to the PRO-43 or any other handheld for that
matter, though a LOT can be done if you tack on
an extemal box to hold all the extra goodies.

Most people aren't that willing, and so I dou't
consider handhelds to be serious contenders for
the Ultimate Scanner, per se. If there were such a
contender, the PRO-43 would be one because it
can also be adapted to work with the CE-232
Interface for AutoProgramming and keyboard
control from the computer!

Believe me, it's not fun to sit there and hand
program in 200-channels at a whack on that tiny
keyboard, or do any serious operating from it.

But hook the PRO-43 to a computer, plug a decent
antenna into that jack, and it' s as good as just
about any tabletop units.

Even in handheld scanners, computer interface is a
weIl defined need. By the way, I know a
dedicated scannist who designed a functional one
way programmer interface for his AR-lOOOXC,
so for you dedicated AOR fans, there may be your
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ticket to the Ultimate Handheld Scanner.
Otherwise, my choice is the PRO-43 ...... the early
model; NOT the later one described below.

ULTIMATEHANDHELDSCANNERS 
RUNNERS-UP
The PRO-43A is a runner-up because production
was altered to meet the requirements of the
TDDRA law that forbids "easily modified cellular
capable" scanners. A new CPU and a slightly
redesigned Logic/CPU board in this unit makes
recovery of the cellular and 54-88 MHz bands
impossible. All PRO-43's sold after April, 1994,
are the "A" version. If there is the "Radio Shack"
logo on the front case of the PRO-43, you can let
your suspicions rise, whereas if the logo is
"Realistic," modifiability is a safe bet.

There is also a date code hidden in the PRO-43' s
battery compartment, but it will be helpful only if
it hasri't been removed. It has been pretty weIl
established that PRO-43' s with a date code of 2A4
and earl ier are modifiable, 3A4 mayor may not
be, and 4A4 and later are definitely not
modifiable. An "A" prefix in the serial number
means it has the newer CPU and is the most
reliable indicator that modifiability is very limited.

Words to the wise ....

Beware acquisitions of later PRO-43' s if cellular
and 54-88 MHz are on your list of important
capabilities. Otherwise, the PRO-43A is a potent
and high performance handheld scanner.

MORE··.RUNNERS·UP
Also on the list of runners-up in the handheld
category are the still-useful oldies/goodies of the
past, including the PRO-34 and PRO-37 which
are electronic clones of the PRO-2022 base
scanner! (Betcha didn't know that.) Lay their
schematic diagrams side by side and you can
hardly teil the difference. Therefore, what can be
done to one can be done to the other two.

These aren't what you could call 'great' radios,
but thev can be made a lot better than what came
out of the box.

The PRO-39 is a "come and gone" handheld that
had some potential, butjust didn't last long. The
PRO-46/51/62 are johnny-come-larely's with
nothing exciting about them other than decent
memory and speed.
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The time-honored Uniden BC-200XLTand BC
100XLT are on this list with goad reason; they 're
good radios but not much can be done to them.

I don 't know about the newer Uniden Sportcat
and BC-220XLT but their specs are impressive
enough to give them a mention.

As usual , beware Uniden with lots of features
packed into an ernpty case, as highl y integrated
circuitry means that you and I cannot reach it!

By the way, the Regency 40 30 and 40 20 are
clone s of the BC -200XLTand BC-l OOXLT.
respectively. Not man y are around, but they're the
same ngs.

WRAPPING UP and MOVING ON

My aim for this section was a braad overview of
the Ultimate Scanner Contenders, and those that
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have na chance. Ta those astute scannists whose
positions were already establi shed befare ever
opening this baak, I apologize for the 'waste ' of
space. I think, however, that I was able to con vey
a lot of useful information about scanners and
what they're made of.

The Ultimate Scanner will reach audiences never
befare touched by this type of baak, sa it was
important to chat a little about features and
differences from one scanner or brand to the next.

You never know whos going to piek up this
baak, and we want it to help as many people as
possible .

Lets now continue the Great Adventure. Ladie s
and Gentl emen : light up your gaso line torches, rev
up ya m attitudes and patience. on ya m mark ...
get set.. .

Let 's Go!



A portion ofmy SJzack.
Believe it or not, every dial, knob, LED, and meter has a function!
The computers are mostly behind me...



GENERAL MODIFICATION
TIPS, HINTS, and KINKS

This chapter will slip a few general purpose tidbits
and tools into your warbag. Having The Right
Stuff on hand will imprave confidence as you plan
and begin the metamorphosis of "Squeaky
Sammy" into the boss-hawg Ultimate Scanner.

1'11 throw in a few minor projects ju st to get your
knife sharp, and perhaps to teach you techn ique
and patience befare you attack the main job.

eRtjPERtYI:IACIC",-NG ··ytj(JRS:t::4N~I:R

"Properly" is a real issue, because I' ve noticed a
rash of mis-hacked scanners coming across my
bench. For the first couple of years after my
Scanner Modification Handbooks came out , I was
pleasantly surprised at the few mis-hacks and
serious errors. Frankly, I prep ared for a flood , but
the trickle lulled me into a false sense of security.

H's a new generation now; may be the "CB
Butcher Brigade" has found its way onto the
scanner scene.

I've seen a lot of shoddy work lately , sa it's time
to review the basics. Several common factors are
worth your attention.

While fundamental techniques and principles of
scanner hacking have not appreciably changed
since I wrote my first two books, there have been
a few refinements and perhaps a new trick or two.
Again , as emphasized throughout this baak, I am
not going to repeat everything from my previous
books.

The Ultimate Scanner is a continuation; an
evolution; an advancement above and beyond the
turf on which the earlier books cavort.

If you are a beginner in the fine arts of scanner re
engineering, my first two books will help you on
the Path of Enlightenment. They contain mods,
projects, ideas, tips , trick s, hint s, and kinks that
will only coincidentally be covered in this third
volume of exotic lore . No matter your status as a
scanner hacker , if you don 't have my first two
books, you' lI need them soon er or later.
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Now don 't get frosted at th is new concept, either.
I have letters from readers who wanted to find
everything for their scanner in one package, and
the y were steamed at "having to bu y bath books!"
They 'll be livid when they see The Ultimate
Scanner!

But I could make them a lot madder. if I tried.

We could do one baak, j ust as they asked. We ' d
stuff twice as much information into it, at twice
the size and twice or three times the cast, and it
wouldn 't be very timely.

What we decided to do is a new and cast-effective
ba ak that adds to the body of knowiedge. This is
my third effort on scanner re-engineering. I don' t
knowaf any way around the dilemma. If scanner
hacking is among your interests, then you're just
going to have to settle in for the long haul and
prep are fo r serial efforts . Forgi ve me, please...

You may want to consider a subscriptio n to my
mon thly scanner backi ng newsletter, the World
Scanne r Report, whi ch keeps the body of
knowle dge current, updated, error-corrected , mld
charts new terri to ry in the world of re-e ng ineeri ng
scanner receiver s.

Armed with my first two books, and no w, The
Ultimate Scanne r, and with the World Scann er
Report as wel l, you' ll be we il prepared for a
TurboWhopper of an adventure. If yo ur budget
(time or money) won'[ perm it do ing everything at
once, that's fine. You w i11 find plenty here to
chew. Managing the ol ' budget is a part of the
patience you' Il find me talking about in this book .

Consider logging onto my co mputer bulletin
board , the Hertzion Intercept BBS, where there is
a we alth of technical information, frequency data,
anel elistilleel experience - from me and from
hobbyists around the wo rld. I am personally
avai lable on the BBS for man y forms of tech
suppo rt and co nsultatio ns , includi ng plain old
chit-cha tting. Ple ase see Chapter I for detailed
info rmatio n about connecting wi th BBS ' s and
associating wi th scannists the wo rld over! A
valuable resource, indeed .. .

q!1,] ;:; II1€~€'!'UC:€MANUAL·.··FOR
·YOURiS,C:J!HNER! vi

,.

Emphasized throughout my fi rst tw o books, the
service manua! for your scanner is mandatory
befa re you do much more than pop the case. You
will ereare needle ss problems tor yourself without
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one, and I will not be sympathetic wh en I hear
yo u "lost yours" or never had one to begin with.
You can not be helped and you canno t build an
Ultimate Scanner without a service manua!. And
don 't whine that yo u can' t read suc h a manual ;
sure you can! If yo u 're going to hack, you'll
!eam. Get the manual' Here ' s where:

Radio Shack scannêrs :;, : '(800) 442-2425.

UllidenIRegenc;m~~ <'L j î7) 842-1036

~~~:~:~~;s :.. ~i!~f::;~~~
Kenwood radios (213) 639-9000

Yaesu radios (213) 404-2700

PREPAREA PLAN! , ,»

Else suffer expensive or frustrating conseque nces.
You should ha ve a Plan behind your att ack on the
inn ards of your bel oved scanner. Scanners have
limited space in which to wo rk and to hou se new
widgets. If you randoml y and haphazardly ins tall
thi ngs now, imagine the havoc and constipa tio n
that can reign aftel' you' ve done bunches of mods
wi th na forethoug ht as to wh at should go first and
what should go last. This planning proce ss is a lot
like pack ing the tro nk of your ca l' fo r an ex tended
road trip. Same things wo n' t requ ire access except
in an ernergency, while other th ings will require
frequent access.

I can' t plan your hacking adventures - it's you
wh o' s best qualified to do that. But someone
better do it. or else!

What do I mean by "Plan ?" Harrumph l I know
yo u better than you know yo urself. See, if you
sneak into your scanner and pull off a mod
successfully , it won't be long befa re you're
sticking something else in there. And then again!
A nd again. You won ' t be able to resi st!

If yo u don't take th is into acco unt fro m the very
start, then your scanner is go ing to get cluttered
and boogered up befare you know i1. And then ,
wha t if trouble ari ses with some real hairy mod?
Weil, your troublesh ooting and diagnosis effort s
wi!l be severely hampered for one thing, and if
you later dr aw a blank and ask me to service the
un it for you, I won 't do it!

Therc's just no way th ar I can wo rk free. And
your budget can' t handle 8-16 hours of my
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IAfl'AT'ENCE '

Let' s talk about impatience . If you launch a frontal
assault on yam scanner at 6 PM , expecting to
enjoy the benefits of the hack-attack by 8 PM ,

(homeless missions and soup kitchen s), I had to
give it up. My doctor, accountant, and family will
not allow me to service hacker-bl own scanners .
Weil , let' s put it this way: the price starts at twice
the cast of a new scanner and goes up from there ,
depending on the degree of dam age and whether
or not I have to open the case. Catch my drift?

Really, the percentage of mis-hacked scanners
remains very low , and I want it to stay that way.
With something over 30 years experience behin d
me, I can teIl you flat out that patience is a critica l
ingredi ent to the scanner hacker. Lack of skill
certainly can contribute to abysmal failure, but
lack of patience causes it. So what is this thing
called "patience"?

Patience is the guiding light that oversees the
following steps of hacking and re-engineering:

Planning: Objectives, materiais , procedures.

Acquisition: Part s , materi al s, too ls, supplies,
service manuals, test equipment.

Process Review: Ensuring that all needed
material s and instructions are on hand and ready to
go , and a sort of rehearsal .

Execution: The j ob itself.

Work Review: Detailed chec king of every step ,
with remedial action where necessary.

Documentation: Drawings, lest results, etc.

Testing and Quality Assurance: Checks of
sa lder joints, layout, mechanical integrity, out-of
and in-sc anner tests; evaluation of results.

Acceptance: Remedial ac tion to correct any
deficiency.

Not that you have to make a big deal out of each
ofthe abo ve steps (it won' t hurt ifyou do), but if
you are patient, you will not do anything before
you're ready for it.

That means having all required parts and materials
on hand, preparing a plan, and being famili ar with
what you're about to do , before ever popping the
case of the scanner. It also means documenting
your work, so errors can be found and later mods
added without frustration.

I know ... "patience, my ass, I want to kill
something."

The problem is that without patience it will be
yam scanner that gets killed. Be forewamed, I
now avoid servicing mis-hacked scanners. I tried
it for a few years and after a severe combined
attack of ulcers, hives, boils, cysts, zit s,
psoriasis, hair loss, and St. Vitus Dance , not to
mention a tenure in the local alms-houses

PATIENCE

fumbling around wondering what you did , where ,
and how. So keep notes...

Maybe your first investment should be a dollar
notebook. becau se you 'll have to document
everything you do, making reference to the
original souree of information, sketching wirin g
layouts , showing color coded wire , and more .
That notebook might keep you sane, later.

Keep things neat, and prepare for the future. The
objec tive is to tuck away each and eve ry mod as if
there will be a hundred more to follow. Dre ss all
wiring c1eanl y and neatly and out of the way . W ire
bundIes should he routed around the perimeter of
the scanner, for the most part . Little c ircuit boards
can be soldered to the metal sides of the scanner.
The power transformer can be remo ved to create
more room for the larger mods, and besides, it's
better to power the scanner from an extemal DC
power supply anyway, because it runs cooler and
makes things last langer. These principl es are
expanded in detail ju st ahead , so hang loose .

Except for very high speed circuitry, digital
modifications are not critic al with respect to wire
length . Two exceptions are extended memory
modifications, and mods that conneet to the
keyboard matrix of the scanner. In these two
exce ptions, keep the wire run s short . Otherwise,
digital mods can be installed almast any where.

RF mods need short wire leads. and audi o mod s
require little attention to wire length, though these
leads are higher-power and should never be cab led
with RF and digital wir ing . Another rule of thumb
is that all ground wires should be as short as
possible , while DC power lead s can be of any
length.

Hobbyists tend to be impatient and hurried in their
work. Force yourself to slow down; do th ings one
step at a time, and make each step as perfect as
possible before proceeding to the next.
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then you are headed for trouble. When you rush to
be done by a certain time, you're imposing limits
and begging for mishap.

Impatience prompts compromise when the right
stuff isn't on hand, and there's no room for
compromise in the Ultimate Scanner. Impatience
is not stopping and going to bed at 1am when
you've been at it all day, thinking the job would
only be a "coupIe of hours." Impatience is failing
to put the scanner aside for a while to get away
from it all when something isn't going right.
Impatience is sticking that mod in there and firing
up the scanner without first checking all your
work for solder globs and wiring errors.

Impatience is saying to yourself you've checked
everything when you buried the dang widget in
there without testing it outside the scanner first.

Here is one of the most frequent ways I'm asked
to help troubleshoot a mis-hack...... "I've
checked everything three times and it don't
work... "

My usual reply for that one is "Okay, check it a
fourth time - but this time, check everything." My
definition of "everything" is E-Y-E-R-Y-I-fi-I-N-Q,
not S-O-M-E-T-H-I-N-G. I guess those words sound
a lot alike and confuse people.

My mods generally work the first time out, if you
make no errors. So you think I'm saying here that
I make no errors? Hah! Far from it.

I make more than you do, which is why I am an
expert on errors. You just don't get to see mine 
by the time my mods appear in print, you can bet
your sweet patooty they've been checked and
field-tested by others. If an error goes undetected,
we will publish its correction in the World
Scanner Report and over the computer networks
for the widest possible dissemination.

You should not assume I made an error when
your mod doesn't work and there are unturned
stones in your backtrail.

When I'm asked for technical assistance, my first
line of guidance is to be certain that YOU kicked
over all the rocks. If you are impatient, there will
be many unturned stones in your backtrail and I
will find them, believe me, including all the
critters and verrnin that set up housekeeping
underneath.
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Speaking of which, I have to teIl you a little story
from a couple of years ago when a fellow sent me
a PRO-2005 to diagnose and repair. As I opened
the shipping box, an odd odor wafted up from the
scanner. It wasn' t a familiar odor either, kind of
pungent and rank. My first guess was that
something had burned up.

Electronic components have odors all their own
when they go up in smoke, and I've been around
long enough to recognize nearly everything that
can cook in an electronic circuit. But this stink
was really strange!

1popped the case of the scanner and was greeted
by a massive scurrying, and the pitter-patter of
little feet. I don't mean to overstate this, but my
heart sorta stopped and blood chilled in my veins,
As about a thousand "cucarachas'' scattered helter
skelter all over my workbench. All work stopped,
and we set off bug-bombs throughout the house
and shop. We went out to dinner and the movies
that night while the insecticide did its work.

Believe me, my patience was tested that day. After
a good cleaning (soaking in alcohol), the fellow's
PRO-200S worked thereafter - once I got the bugs
out of it. Another of those lessons of life, I guess.

Anyway, make asolid commitment to planning,
quality, and especially to patience. Not only is the
result worth it, without it the penalty is high.

SOLDERING TECHNIQUES

Good soldering is neither an art nor a science, but
a manual skill mixed with a little horse sense and
the right tools. Since mistakes here (1) are
common, (2) become evident later - usually at the
worst time, (3) disguise themselves as component
failure, and (4) are easy to prevent with the right
approach, I'Il spend a few minutes on the subject.

While too much heat can fry a component, a little
excess heat is better than too little heat! Low heat
can produce cold solder joints.

If they don't cause a fault now, they willlater,
usually at a most inopportune moment. Your
soldering pencil should be rated at 25-to-50 watts.
(l'm not advocating use ofwelding torches,
though.)

The tip of the soldering iron should be "iron clad,"
not copper. After it's up to temperature, the tip
should be wiped on a wet sponge before and after
every solder conneetion to keep it clean - avoid
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oxide buildup. Immediately prior to making a
salder joint, appl y a dab of salder to the tip and
then touch the tip to the conn eetion to transfer heat
to the lead or component. Wait for a second or
two and then apply solder to the connection, NOT
to the tip of the iron. Then pull away the sa lder,
but leave the soldering tip on the joint for another
second befare rem oving it.

Aftel' the joint has cooled, it should be bright and
shiny ; not gray and wrinkled. and it should flow
smoothly (a "fillet" ) to the surfaces of the
materials being soldered. Salder , at the right
temperature. will also flow into the heated joint to
make a permanent connection.

HOOKUP WIRE

This is an aften overlooked subject. You should
use only good quality , small gauge , stranded, and
very tlexible hookup wire for your scanner
hacking projec ts. This eliminates most of Radio
Shack "battery cables" which they call hookup
wtre. The insulati on drip s like melted candle wax
and the wires are much toa stiff and rigid for our
needs.

Radio Shack once had great wire , though it's been
discontinued for several yea rs. Still , a few store s
may have some in stock , and you should lay in a
supply if you can find any. But it's not what you
think it is! We 're talking about their "Computer
LAN cable." #278-776 (2S-cond) and #278-775
(9-cond). Don't ask me why they called it LAN
cable ; I don 't think they knew either.

You have to strip off the outer gray insulation and
then remave the braided and foil shie lds, but
what's left is sorne of the fine st color-coded
hookup wires you ever saw in your life! Thi s stuff
is so great you'll wonder how you ever did
without it. H's very tlexible , strong, and easily
handled in most circumstances. I don 't know of
replacements for these long discontinued cables. I
laid in a monstrous supply when they were
discontinued and haven 't run out yet. No, I wiII
not sell or give any of it away.

Teflon? The temperatures in our scanners don't
need teflon insulation, and it' s a bear to strip and
work with , but teflon insul ation identifies some of
the best quality wires on the market. 1'0 use it,
you have to find a high-quality stripping tooI.

I cannot over emphasize the use of good quality
hook up wire in your hacking adventures . Use
ONLY the general type of stuff described above.
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If your local Radi o Shacks are out of the good
stuff, go to your local electronics supply house
and ask to see their multi-conductor, shielded
parallel cable or shie lded serial cabIe .

SER/OUSTOOLS, SER'()US HACKING.

When did those new-fangled "hot glue" guns and
glue sticks come out ? Maybe IS-20 years ago?
Yeah , weil I ignored them with a pass ion until a
coupIe of years ago when Ali, my lovely
daughter, tapped me on the shoulder while I was
hard at work one day , and asked if I'd like to try
her hot glue gun . Now mind you, I had na use for
"hot glue" because of a long love affair with super
glue s and epoxy resins. What could be better?

Later. curiosity got the better of me . I plugged in
that stupid-Iooking glue gun , rammed a .50
caliber stick into the mag azine , and commenced to
fire away at the first thing that moved.

The gun has lous y range, so I missed the dog . Out
oozed a gob of liquid plastic with the consistency
of molasses in a winter blizzard, that landed
smack-dab on the carpet of my workbench ! The
stuff is still embedded there! But I leamed, and
now use "hot glue" for most everything, no holds
barred! And so should you! Here' s the deal:

Fir st, we 're not really talking about "hot glue ."
Maybe there is such a thing, but what I'm
referring to is really a type of plastic . The refill
package uses terrns like "hot melt adhesive" and
"glue sticks," but the stuff is really a plastic .

A little glop of the stuff makes a great anchor for a
wire bundIe or a small circuit board. And I can
think of a host of insulating and other ancharing
uses. I use it to make "molded plastic" connectors;
to hold loose things down, to reinforce weakness,
to hold LEDs in place, and sometimes just for
sticking things together.

Hot glue is an excellent insulator for exposed
salder joints, wire splices, and electrical
conductors that might short out against something.

I would not use hot glue as an insulator for high
voltage applications (>SOV) without first talking to
the manufacturer about dielectric characteristics at
high volt ages.

You won 't find anything more utilitarian and
useful for low voltage (S and 12 volt ) hobby
needs , though. Tiny applications of hot glue can
be fairly easily removed where perrnanency is not
desired, say as anchors for wire bundIes , and
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small circuit boards. Another great application for
hot glue is as "injec tion plastic ." How many utility
patch cables have you made over the years to save
a few bucks ? You 'd do it more if they weren ' t sa
prone to failure, right? Most failures of homemade
audio , RF, and computing cables occur in or at the
connector.

After you' ve made up a cable and checked that it' s
flawless, assemble the connector and its shell.
Then , squirt hot glue plastic into the shell, binding
everything together, for ultra reliability !

I'm not sure there is a limit to the practical
application of a hot glue gun, and you'll soon
agree. I now use two different modeIs; one is a
larger type that uses glue sticks 4" long and about
\/2" diameter. This type is great for bulk needs
such as moldings and insulated surfaces for
printed circuit boards. Then there is a dainty,
petite type with slim glue sticks 2" long , for
situations that need fine contral and less glue.

You' II need a separate glue gun for each size, but
if you can have only one or the other, get the
smaller size for most bench uses.

There ' s na trick to using a hot glue gun - just
squeeze the trigger (or push the rear of the glue
stick) and out comes a hot stream of liquid plastic,
the rate of which is praportional to the amount of
squeeze or push . When not in use, the hot glue
gun seems relati vely safe , but you should devise a
holder for it to point stra ight up sa as to minimize
leakage of the hot plast ic. Thi s will also help
prevent the hot tip frorn touching your benchtop
and causing a hazard.

Safety first - always l

Apply the hot glue with the nozzle as close as
possible to the point of contact. Adhesion is
enhanced if the point of applic ation is warmed to
the same temperature as the glue.

In other words, adhesion can be inferior if the hot
glue is applied to a cold surface. I use a soldering
gun and sometimes a butane device to preheat
larger metal surfaces for best adhesion. Now let ' s
find more great uses for the hot glop!
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PIN-1.INE .•SOCICETS '{iinll 'jJLUc;Sjt ······.ij" ' ·
One of the slickest assets in the experirnenter 's
shop is called a "pin-line" strip or "pin-line"
socket. Rad io Shack doesn ' t have them, sa a
universal reference is difficuIt, but DigiKey' s
"Pin-Line Soekets with 'break 'feature, " part
number A-20S, is one example.

HosfeIt Electranics ' "Machine Pin SIP Sockets,"
part number 21-161 or 21-234 is another. Mauser
Electronics offers their "SIP Breakaway IC
Soekets. " part number 151-5530. All three of
these suppliers have a variety of pin-line soekets
in various configurations and pin-counts, sa get
their catalogs if you want to shop for the best
"deals" for your needs.

Imagine, if you will, a precision machined IC
socket cut apart sa that you have two strips. One
of these strips resembles what we 're talking about
by way of pin-line sockets. The neat thing about
them is that the male plug part mates perfectly with
the female socket part . Because they are sa smalI,
the most immediate experimenter' s application is
that of a miniature, quick-disconnect plug and
socket combination.

Pin-line soekets are available in strips of as many
as 56 pins each , and can be cut or braken apart for
a desired lesser number. Suppose, for example,
you had a pair of wires in your scanner that you
wanted to quickly and easily disconneet from
sorne special modification board you had installed.
An excellent application!

Cut the two wires, and sa lder the four cut ends ,
one pair to the male ends of a pin-line pair, and the
other pair to the female ends of a pin-Iine pair. In
this fashion, the plugs for one pair of wires will
mate with the soekets of the other pair. Quick and
dirty; neat and functional ; and extremely low
profile.

You won' t easily find a connector that 's smaller,
handier, more functional, or less expensive !

See Figure 3-1 for views of two styles of pin-line
sockets, and Figure 3-2 for how they can be easily
pressed into duty as plug and socket connectors!



Figure 3-1: Pinol ine soekets

Spacing between pins is 0.1", center-to-eenter ClIO")

Figure 3·2: Pin-line soeket/p lug connector
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Left: Socket Right: Plug Both: made from pin-fine strips
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Pin-line soekets are rnachined to precision
tolerances , usually (in U.S. products) spaeed
prec isely 0 .1 " apart . cen ter to center. like the holes
in " pelt ' board" and "ve ctor board ."

Theyre useful as IC-sockets in ex nerirn enter
projects when you happen ra be short of a secket
or two : Just break apart a stnp of wha tever
nurnber of pms you need into two equ al strips to
match the IC and position them on the board fo r
an instant IC secket ~

Drill j -rnm diameter holes in the pelt board or
circuit board surface for a snug fit of the upper
body (fa t parts) of the male pins. Th ree adjacent
pinoline soekets make a zreat socket for TO -92
style transistors. The machi ned plug and socket
offers a be tter electrical contact than conventiona!
spring cont act soekets .

MAKESHIFTIC SOCKETS

Some conventional IC soekets fail for no reason
other than poor elect rical contact. 1 have never
seen nin-line soekets fail in that man nel'- vou ' re
looking at high reliability connections here:
Anoth er use I have found for pin-line soekets is as
a wire spJice. but with a difference.

For instanee. vou mav know that a lot of
modification procedu-res call for the solderins of a

. 0

wire or a component lead ra a pin of an IC

Figu re 3-3: Molded socke tlp Lug connector
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sornewhere in the radio. Instead of that. I first
solder the male end of a pinoline socket 10 the IC
pin and ihen u se the expo sed secket to accept
either a male pin with its se cket soldered to the
end of a wire , or sometimes a component lead wil!
plug inro the sec ket for a nice fit. and allow for an
tas)' disconneet when the need mises .

Hl-REL MOLDEDCONNECTORS

When you mix hot glue with pin-Iine sockets.
vou' re lookin~ at one heek of a molded-connector
possibili ty ' T~l k about reli abi l ity ! Just solder your
pinoline soekets to a wire bundle and aftel'
examinatien and tests for errors, squirt some hot
glue between and around the soJdered point s of
contact sa th at the metal is insulated and all wirc
ta-p in co nneenons are senarared bv a laver of the
plastic mold ing glue.' . '

The results mav not look zrea t, but vou can ' t zet a
more reliable connecto r f~r thc sizeand cost. ,::,
Figure 3-3 shows the same plug and socket
combination as in Figure 3-2. but molded with the
hot glue piastic into a permanent. long-lived
con nector.

A side trom the reliability facto r. a pnrnary
advantage of pin-line soekets made into quick
disconneet connectors is the small size ! Great for
mod jobs in very small radios ~

hardware alld hot-melt glue

Just a little glop wiJl do - nothing fancy needed !
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NOTE: Clearly, sueh "home made"
connectors wouJd not be used in
manufacturing, .but in the R & D lab they're
fine . A handful of pin-line soeket s and a hot
gIue gun are mighty inexpensive
"breadboard" item s when the perfect
solution isn't in the supply room! If you
need to get on with your design, pin-line
soekets andhot-melt glue might make a
differenee, bath in the sehedul e and in the
budget!

Hot glu e and pin-line soekets ha ve become
ab solutely vital around my shop, wh ere a lot of
wo rk is related to sorne fomlof R & 0 or testing
and evalu ation . I a ften need to stick thin gs in
somewhere for a quick obse rvation and then pop
them back out for revision or redesign . Time and
re liabil ity are critica! in my work . and I just cant
be bothered with a lot of wire splicing, so lde ring
and de soldering , etc .

Pin-line soekets anel hot g lue have boosted the
qu alit y and effic iency of my work and reduced
much of the drudgery and rnonot ony . Gi ve these
two items a tri al run on your ben ch and watch the
quality of yo ur work and time go up scale ! Many
thanks to Ken Well s of Kwajalein, Marshall
Islands. for the tip on pin-line soeke ts a few years
ago. Ken aiso introduced me ra high-reliability
machine-pin IC soc kets. without whi ch I'd never
again function : And thanks to my daug hter, Al i.
to r the ho t glue idea !

DENTAL TOOLS FOR SCANNER
H.ACKING!

M y better tool s rarely come from e!ectronic store s:
Part s, yes. Salder. yes. A hu ndred o ther thin gs.
yes. Tooi s. usu ally not ' Most of my ha nd tools
come from dental supply hou se s now.

Yes. they cast more. but its a pieasure to werk
with fine stee l: sharp cutting edges that don't dull
on the first slice or the 50th; magnifiers that
magni fy wi thout di storti on ; tweezers that dori 't
lose their "twee ze' aftel' a few grips; and
hemostats (c larnps) that glide through the varied
uses put to them. Fine tools enhance and promate
fine work.

Dental tool s are expens ive , but you won ' t need a
bo atJoad at the onset. I would rec ommend three to
start, and youl l go from there on your own. M y
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favorite is a tos s-up between the 4" Hu-Friedy R3
German stainJess ste el 606K cur ved hemostats,
and a 6" G . Hartzeil and Son "Carbon 44-20"
ch ise l tipped pl aqu e sera per. My #3 is a weird pair
of short blacled scissors that can cut sheet metal!
Th e sc issors are 3" 10n2: overall. w ith OS' cuttinz
edges. The le ver age is fantastic. and these scissors
can cut and trim the chrome metal shield on the
bac k of the PRO -2005 /6 Logic/CPU boarel like a
piece of paper, and witho ut removin g it!

Next favorite on my list is a magnifier len s that
clips on to my spectacles for hands-free, high
magnification work. Immediately thereafter are a
power screwdriver and Radi o Shacks Nibbling
Taal. #64-823.

Be yoncl the se six tools, the fir st four of which
come from a dental supply house, the rest of my
regular hand tool s are abo ut as generic as they
come - and yo urs can be, toa . Radio Shacks
diagonal cutting pliers, #64-1 8 J3 are pretty good
when they 're new and sharp, but they 'Il get dull
cutt ing butter. Figure 3-4 shows most of these
tool s and more. The main point here is to pay a
visit to your local dental supply and use your
irnagination: open up your mind and let your
fantasies unwind to find ex ce llent e lec tro nie uses
for some of that gosh awful stai nless steel that
hurts sa much when it runs amok in your chops:

Dental plaque serapers make great circuit trace
cutters as well as scorers for raw printed circuit
board. I used to sa w rny PCB ' s to size . but now ,
I just lay out a carpenter' s squa re on the circuit
board and score it a few times with a curved ,
poi nted plaque scraper, and then snap the board
alo ng thc score for a cle an cut ~ Th ank s to the
plaque seraper. its kind of like giass-cutting
eff icient, clean, and qui ck .

THE R/GHT TOOLS & MATERlALS

They're c ritica] to gooe! hacking! For Pete 's sake,
thr ow away tho se roll s of blac k electrical tape ane!
duet tape. Same for ce llo phane and masking tap es.

Yuk! Sometimes, Scotch 8 /0 Magi e Tape can be
useful for wrapping wire bundles, but better still
are cable tie s, heat shrinkable tubing, and shOJ1
lengths of bundling "spaghetti."

An ything is better th an tape! Never use tape to
insulate . You can bet your bottom dollar the stuff
will come undone when you least expect it! Tape
is uncouth around the Ultimate Scanner!
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Figure 3-4: Useful hacker tools

Cheek3
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Top: Power screwdriver and cl ip- on magnifier. Left-to-right: small hot-glue stick, large hot-glue stick ,
j ewe ler's loupe, locking dental tweezers, fi ve types of plaque scrapers, curved hernostats, and dental
scissors that can cut sheet metal ! Not pictured: welding torch, crowbar, sledgeham mer, aspirin.

Tool s... a good subject. Yes, I have a few bucks
invested in good tools of the trade but you know
what? I use less than a hundred bucks worth for
95% of my needs.

The fo llowing is what I call a good, fun cti on al
tooi kit for hacking and choppi ng scanne rs. A lot
of Rad io Shack's stu ff 1 don 't lik e , but this list
wilJ do a good job for you.

Ir' s provided ta he lp yo u inventory and asse ss
your needs. N ot every thin g here is essenrial ra
success of your hacking proj ec ts , de pending on
your skills an d desire for aesthetics and quality.
Rad io Shack catalog numbers are given ü NLY for
you r convenience : better pri ces an d quality mal' be
available el se whe rc .

Items marked with a * are ad visable and very
usefu l. ! means alma st essenrial. You decide .

Now here's the crazy thing about it all. You can
take or leave my list of tools, stuff, and widgets !
It ' s no t going to make or break you as a hacker.

There 's someth ing else that I can't really gi ve you
directly ; only awaken you to it: ATTITUDE! An
ounce of the right att itude w il! go farther than a
kilobuck worth of to ol s.

You've gat to PLAN your hack attack, stick to a
met hod ology, an d be patient. Yes, you have to be
prepared with the right tools and materials, but

I putt ing att itud e and pati ence at the tap of the list
wil l he lp the rest of the list take care of itse lf.

Iryou are a no vice hacke r. don't outsmart me and
take shortcuts . Fo liowala ng for a whi le and ge t
used to the taste of success. I rnav seem to take the
long way around at times , but it's with the BIG
PICT URE in mind.
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Table 3-1: Recommended/useful materials, tools, and supplies
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Pri Check Description
Radio Shack Catalog#

(if appropriate)

continue5 ...

*

*
*

*

*
*
*

*

*

Electric drill, 3/8" w/bits to 3/8" Anywhere

Diagona! cutting pliers, small 64-1841

Locking longnose pliers 64-1864

Adjustable wrench, 4" (small) Anywhere

Precision flatblade screwdrivers 64··1948

Precision crosspoint screwdrivers 64-1962

Mini forceps 64-1910

Nibbling taal 64-823

Lighted magnifier 63-848

Screwdrivers, assorted 64-1823

Needie file set .. 64-! 985

Knife set 64-1801

Hot glue gun and glue sticks Anywhere

Soldering pencil holder/cleaner 64-2078

Soldering pencil base unit 64-2080

Soldering element 64-2082

Soldering tips 64-2089 and 64-2074

Desoldering taal 64-2098

Pocket pen light 61-2626

Disposable butane lighter Anywhere

Silver bearing salder 64-013

Micro-mini salder 64-005

Desoldering braid 64-2090

"Helping Hands" project holder 64-2093 (Best)

Mini-vise project holder. 64-2094 (Good)

Cleaner/degreaser solvent 64-3322

Rosin flux remover 64-3324

Double-sided tape 64-2344

Velere (hook and loop) strips 64-2345

Epoxy resin . 64-2313

Super glue 64-2308

Silicone rubber sealant ("-'4-2314

Precision lubricator 64-2301
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Tools and materials, continue d...

Standoffs wÎscre ws--- -------- ---------------- --- 276- 195

Perf board stock- --------- --------··-·_-- ---------- - 276- 1395

Machine screws ------ ------ -------- ---- --------- 64-30 I0, 3011 , and 30 12

Machine nuts ------ ------------------ ------------- 64-3 017 , 30 i 8, and 3019

Flat washers --------------- --------- ------------- - 64-3022

- --- -- ._- - - - - - - -

Gromm ets------------------- ---------------------- 64-3025

Wire ties --------- --------------------------------- 278-1632

Heat shrinkable tubin g -------------------.------ 278-1627

Digital Volt/Ohm/Milli ammeter (VOM)-------- 22-194, -184, -185,
(several choices work fine) -188, -167 , -186

Dynamite, for difficult cases----------- --------- Your neighborhood terrorist.
. . .

*

*

HOW TO PREPARE AND INSTAI.I.
MODIFICATION CIRCUITRY

I favor the easy ways of doing things whe n
possible. In mv earlv davs of hack inz I instalIed
many a Superwhizliang modification with
painstaking effort to make the thing LOOK good.
and able to withstand earthquakes and atom
bornbs. I dori' t do that anymore ; it's a waste of
time and energy.

WeIL let me qualify that.. . when I do a hack for
hire. 1'11 spend more time on its aesthetics and
cos metics than I do for my own . That' s expected.
But. there is a difference between doing yam own
work and work for someo ne else .

When I develop and test my mods, it is import ant
that I have easy access to thern, bath for
adjustment and fine-tuning and for rernoval/re
installation. When I do a job for someone else,
there is not going to be any readju stment and
relocation. sa I do it righ t the first time. based on
my experience.

Your efforts are alrnost always going to be R & D.
so its better to make it easv on vourself recardinz
ease of access tû vour hacks . Nothin z is \\:Orse ~
than te bury the results of a 12-hour ;ffon deep
into thc gizzard of your scanner , only to find that
it doesn' r work as it should, or it does fine until
we develop al: intprovement that requ ires it to
come back out for more work. I guarantee that
you won' t bother ro polish your work if it.' s

difficult to access and service : Unless we know a
certain mod is as zood as i t' ~ ever zo ina to be
let's make it easy on ourselves anddispense with
rigid professional techniqucs and conduct
ourselves more like what we rcally are: R & 0
shops. TI1 i5 implies certain ways of doing things
that would never be ernployed on the assernbly
line or by a pro-shop. That ' s okay!

HOMEBREW MECHANICAI.S

First, I do ALL my initial developm ents on "perf
board" with sirnple point-to-poirit wiring . There is
no sense in making a custom printed circuit board
only to 1earn it needs a layout change to work
properly.

Use a per f-board (Radio Shack #276-1394, 1395,
or 1396). Design your circui t layout on paper and
cut the perf-board slightly larger than anticipated
size, stuff in the parts, add the wiring and
soldering, and let it go at that.

Rarelv do I advocate installinz hornebrew circuit
boards with stan doffs , spacers , nuts. and bolts.
Thats iust toa much trouble , for one thinz. and
for another. irs hard to install thinss that ~\'aY and
still leave plenty of room for othermods. Besides.
have you ever drilled a hole in your favorite
scanner onlv te have the bit sudde nlv break
through and run amok around the circuit board'?
No? Goud... and you don't want ro, eith er.
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Even if you' re careful, what about minuscule drill
shavings and metal dust? For hackers, there is a
better way.

Feast your eyeballs on Figure 3-5 to learn how
smail modification circuit boards can be easilv
installed in a scanner housin e. Mo st base scanner
chassis employ a metal fram~ around the circuit
boards and other hardware . Even though the case
slips over or bolt s down to this frame, there is
aJways a little space on the outside, bottorn, and
top edges of the frame.

Circuit boards insralled as show n in Figure 3-5 are
held rigid to this frame by the stiff, # 18 copper
wire thats soldered to this metal frame and to the
circuit board. The # 18 wire should be tightl y
looped ove r the top edge of the frame before it is
soldered to the inside surface.

If you look closely. this # ] S wire also loops
though holes in the circu it board and should be
soldered on both sides of the board to make it

Figure 3~5 : Smal! circuit board in stallotion

Solder here

stabIe and immovable . Thi s wire should also be
conn ected to the circuit board' s ground traces.

If there is any danger of the bottom side of your
mod circuit board touching something on the
chassis or main recei ver board below it, then
insulate the bottom of this board with some hot
glue, or even a sheet of acetate or plastic cut to
size and held underneath with silicone rubbe r or
hot glue. A single I8-ga "mounting" and ground
wire will suffice for most home-brew circuits of
abou t 2-square inches or less. Larger boards
might fare better with two or more of these
mounting wire s, depend ing. Extra won ' t hurt, but
one is usuaily suffici ënt.

This method of installing modification circuit
boards is relatively permanent yet easily undone
if ever needed . It allows maximum utilization of
the space inside the scanner and facilitates easy,
clean routing of wires from the board to
de st ination points within the scanner.

Metal Chassis

l,frx/i/ KdtiOll
Cirr I/ ic Board

# 18-ga solid
copper wire

Serves as both
an anchor and
a ground.

Solder here
(under noard) "
and conneet all
board grounds
to th is point.

Solid wire
soldered to
ground tra ce
on main board

The rest of this chapter appro aches the niuy-gritty
with some warm -up exercises and preparatory
adventures. Don ' t skip anything - hot stuff ahead .

l:U!MOVE THE AC POWER SUPPLY
FRCM 'tOUR SCANNER!

Fitst and forern ost. I sugges t rernoving any AC
power supply from the scanner . including
rransforrner and power co rd -- for two reasons:

( I) to create more "real estate" for present and
future modifications and (2) to remave the single
greatest generator of HEAT within the scanner. Al
their best, AC powe r supplies are not what you
could eall efficient. This simply means that if a
scanner is specified to require 20 watts of power
on which to operate , it' s virt ually aJl dissipated as
heat. with the majority of it in the power supply.
As the power transformer heats up, it will warm
up the scanner around it!
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Heat is Shi va, the Great Destraver (o f
electronics). Minimize or remove heat for zreatlv
extended operating life of components ~ ~ •

Th.e PRO-2004/5/6/203S series of scan ners get
quite warm after on ly a short period of operatio n.
If you don' t believe me, touch the top case of vour
scanner after it ' s been on for a while. •

No, it won ' t burn you, hut it will be considerably
warmer tha n room temperature . Nearly all of that
heat co mes from the power supply ! Remove the
power transformer for dr amatically reduced heat
accumulation and to gain hackable real estare at the
same time!

It is ea.sy to non-destructively test my hypothesis
regarding excess heat caused by AC operation in
the PRO-2004/5/6 sc anners. These scanners have
a DC power jack on the rear panel. Conneet a 10
ta-IS volt, 500 mA souree of OC to this jack,
center-tip positive (+) and shell negative (-) .

Run the scanne r continuously for 24 hours and
you ' Il not fee l sig nificant warm th. Then fee l the
DC adapter or power supply that you' re using to
power the scanner: It may be warm. but that ' s
OK: the heat is escaping into the atrnosphere , nat
mto your beloved scanner! DC power adapters
and sup plies are a dime a dozen , Here 's how to
remove the AC supply in the PRO-2oo4/5/612035
and, generically . othe r scanne rs:

PRO-2004/S/6: U nplug the AC cord from the
wal!' Remove the case of the sc anner. Cut the AC
power cord on both s ides of its entry point
t~rough the real panel. Use a pair of pliers or
diagonal cutters to squeeze and remove the plastic
feed-thru clamp for the AC cord. This leaves a
hole in the rear panel that might become useful
later. For now, cover thi s hole on both inside and
outside with tape or a pressure-sensitive label to
block the entry of bugs, dust, and kids' fingers.
Cut resistor R-SOI (in side the clear plastic sleeve)
from its attachment to the AC lead that goes to the
power transfonner an d then cut it awav from its
soldered tennination o n the side ch assis.

Flip the scanner over for access to the top area and
cut the two blut' transformer leads that zo to the. . c
mam receiver board abo ut 0 .25# abo ve their so lder
points on the main receiver bo ard, so that vou can
teil where they go should vou ever want tó
reinsta ll the AC power supply .

Locsen and remove the t ,,\ 0 nuts and bolts that
ho!d the po wer transformer, T -80 1. to the side
wa ll of the ch assis , and carefully lift it out of the

scanne r. Thi s tran sforrner offers possib ilities for a
g~neral purpose power supp ly as shown in my
\"01-2 . I wouldn't use it to po wer the scanner.
even exte rnally, bec ause it is unde rrated for
seriously hacked scanners. You' Il want to pow er
your PRO-20041Sl6 with something rated át
12VDC @ 1 amp or more.

The De Power j ack on the rear of the PRO
2004/5/6 takes the sa me size coaxial power plug
as whats on the end of Radio Shacks #270
1533, "Standard 12-VDC Fused Cord. " In
fact, yo u can bu y th is ready-made cabie, cut off
the cigar-lighter plug, and use the cable and
coaxial power plug bet ween your extemal De
power supply and the scanner!

The i.mportant thing here is to get the right siz e
~oax131 power plug to mate with the DC power
Jack on the rear of the scanner, and be sure it is
correctly connected: center-tip po siti ve (+) and
shell negative (-). Add an in-line fuse of I or 2
amp rating to put a polish (and a bit of safety) into
the project !

ALL PRO·2004ISI6NOTE

Therc is one other thing you ou ght to do whi le the
scanner is open , îf you 're in the mood. Inside the
sca.nne~, j ~st in f~ont of the DC power jack, is a
senes limiter re sistor, (PRO-2004 calls it R-2S6,
In, 0.5 W. PRO-2005/6 have R-249 , In, O.5W.
PRO-2035 has R-223, In, O.5W)

The function of these current-Iirniting resi stors is
to act as fuses , an d they DO BURN OUT when
the scanner has been extensively modified and
then powered with an extemal DC supply.

The resi stor is rated at 1 ohm at a half watt.

Power equals CU/Tem squared times the resistance.
Therefore , 707 mA will hit the maximum ratiris of
the resistor as shown in the following ~
relationships. Actu ally, thi s is pu shing it a bit,
because I ha ve seen the se resistors burn out in
unmodified scanners with a current of around a
half amp (500 mA).

When a modified scanner is powered bv external
!?c' th is res isto r tend s to rml hot, and f su pp ose
me e levated heat eventu allv takes its to ll. It doesnt
take much la sa ]ve the prob lern befe re it happen s..

This wil! help. bath nov: and in sirnilar situations
when a bit of math is required. M ake a se pa rate
note of it and kee p it handv., -
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P=tR

i=h
i={f
J=Jj

J =Ü.7Ü7amp

If you' re smart right about now, you' J1 take one of
three options: ( I) solder a jumper wire around this
series limiter resistor to bypass it from the circuit;
or (2) sa lder another In, O.5-watt resistor in
parallel with it, or (3) replace the stock R-256 or
R-249 with a larger 1n, 2W resistor. Any of these
three options will effectivel y eliminate this area as
a potential trouble spot.

Choose one. I favo r Option I , which is easily
do ne by crushing the resistor with a pair of dikes
and then soldering a jumper wire between the
exposed leads . This eliminatos the need ro remove
the main rece iver board as might be necessary
with either of the other two options.

Take your choice, but do something with this
resistor before it fails at exactly the wrong time.
You know Murphy ' s Law as we ll as I do...

De POWER FOR OTHER SCANNERS

If your scanner has an external DC power jack,
then fo llow the guidelines given above for the
PRO-2004/5/6/2035 scanners. If your scanner
does not have a DC power jack, and many don' t,
you can sti Jl remav e the AC po wer supply and run
on extemal DC with only a little more work.
Here ' s how (and why):

Modem scanners employ intem al voltage
regulators to control the necessary voltages for
var ious portions of the scanner circuit. These
voltage regulators, typ ically +5V and +8V, are fed
with some higher DC leve l, usuaJly 12V, but it
doesri't really matter.

You see, voltage regul ators are uncaring about the
feed levels so long as it' x a few volts above the
intended output. A +5V regulator, for example,
will produce a nice and stable +5V for any input
of +7 .5V or gre ater.

It is pretty rnuch stan da rd for + 12V to be the mai n
feed to the scanner' s voltage regu lators so all you
have to do is find that + 12V feed point on the
output of the scanner 's AC power supply and
you're in bu siness .

Figure 3-6: Typ ical .4CIDC power supp ly for most base scan ne rs

11·16 vDC
Ta Inpul of
scenner's
regulatar
circuits

Filtered De to scanner's regulator circuits

. '.
o~+

Just add an RCA jack or ether simple phone jack la
'he rear chass is of your scanner; connect as shown.
Feed an ex lernal source of + 12v la +15v 10 Ihis jackl
The 1N5ÁOO diade proleets against reverse polarity.

The cenIer lap (CT) of a power
transformer is not normally us.d

Cut low vollage AC leads
at po inls ·X· .

Power Ircnsforrner
16·25 volts. AC

3rdwire groundi. bolled 10
!he meI'" choui. _
(Groen wir. on AC plug!
NOTE, 3-wire AC i. nol very
common in Kor••rI , but
i. shown 10< darity'......e,

., --.-.-·-·-·-·-·-· ------"rl----- -
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Rernember one thing , howe vcr . If your wal i-plug
tranny produces too high a voltage , and the
regulator has to reduce it ro the required werking
voltage, theres a potential probJcm (pun
intended).

For instanee. reducing 24V to 5V (a 19V drop) in
a I00mA circuit dissi pates almost 2W. which
might he outside the capacity of your voltage
rczulation circuit. Stav conservative unless vou
k. n~ow exactly what you' re doing .

Using Figu re 3-6 as a guide, follow the AC power
cord into the scanner. You ' IJ see where it runs into
the primary side (high voltage side) of a powe r
transfonner. The secondary (Iow voltage side) of
the transformer will have tw o or three leads going
( 0 the main circuit board.

Somewhere in the immediate vicinity of these low
voltage leads wil! be a bridge rectifier and a
healthy-s ized filter capac itor. usually 470JlF or
larger.

If } 'OU rncas ure rhe voltage at the (+ ) leg of the
filter capacito r. vou should see sorne where
betwe en +11 and +16 volt s.

Thats where vou wil! tie an external De feed aftel'
rernoving the 'AC power supply. The best way is
to install a convenient phone jack on the rear panel
.- I prefe r simple RCA phone jacks. Sa lder the
anode of a lN 5400 diode to the cent er lug of the
jack. Sa lder the cathode of the diode to a point
on the output of the bridge rectifier, and conneet
the feed to the On/Off switch of the scanner.

If the chassis of the scanner is ground, then
you' re done; if the power jack is installed in a
plastic panel, salder a wire from the shell of the
new jack to any convenient scanner ground.

rEST ·. EQUIPMENT

Th ings change. The cast of a given function has
really dropped since I wrote my first books, and
new capabilit ies such as virtual instruments (RF
cards that use the PC as a platform) have hit the
market. It gers easie r every day...

Radio Shack has added new mul timete rs to their
ursenal, including an upgraded version of their
benentop model, #22 - J75 . Anothe r model 1 real ly
like is their #22-182 Multimeter with ?e Interface'
The 1995 model is #22 - 168.

Iudeed. a simple conneetion to u serial port
(COM 1 or COM2. on your computer allows

Cheek:;: The Ulti l11 at e Scanner

autornared measurements and data acquisition ~

Great software comes with this meter, including
the necessarv serial cable ro conneet la vour
PC/comp atible computer : Autornared operatien
consists of flexible setups and variable periodicity
of measurerne nts with outputs Jogged to a plain
ASC II text file rol' subsequent use as desired .

Tw o fje lds of data are outpurted to the text file:
time of measurement and value of measurement.
The two data fields are delimited (separated) by a
goofy ASCII character (dec imal 028, hex IC),
between the columns of time and data.

Why Radio Shack didn ' t use either a tab or a
comma for the delimiter is beyond me, but
fortunately most text editors and word processors
have a quick replace function by which this
character can be replaced with a comma.

I mention this because a database manager makes
quick work of processing volumes of accumulated
data. but that ASCII 028 character wil! first have
to be replaced with a comma in order to import the
r ;1\V file into a database. Rad io Shacks Multime ter
with PC Interface (#22- j 82) is grear lor taking
hands-free, autornated measurements while you' re
busy with other things.

My personal experience is with the 1994 model,
but I ' ve looked at the 1995 software and found it
to be a work of art ! It' s backwarris compatible
with earlier hardware, and supports Windows .

FREQUENCY COUNTERS

Radio Shack recently added a handheld frequency
counter to their arsenal, but don 't go running
down there to buy one. Salt away yam hundred
bucks and check out what you can get from
Optoelectronics or StarTech. You'll get a much
betteI' counter for the same or only a little more
mone y.

Spe aking of which , hobbyists can really be weird
when it comes to gizmos and gadgets. A lot of
people now think you can just lug around a
frequenc y counter and loek onto all sorts of
frequencies . Those who believe that are wrong...

A frequency counter will not loek onto and display
a frequency unless it can get enough signal to
triazer the countinz circuits, which wil! be usually
tic:~s()mewhere bet\~ 'een lOmV and lOOmV.

In a word, that means vou have to be pretty close
to the transmitter. na matte r how powert ul it is. in
order to get a loek for a stablo readout.
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Typical ranges, in actual practice, come to abou t
20-40 feet for handheld transcei vers used by
securit y guards and stadium ushers to 50 feet or
sa for mobile radios. Even base radios wo n' t
trigger a conventional counter heyond 100-300 '.
With a lot of work, plenty of experience, and
some extra time on ya m hand s. you can build up a
specialized antenna and wideband preamp to feed
the input of your counter to extend its range.

Unfortunately, jf you buy a frequency counter to
pull secret frequ encies right out of the air, you' 11
be disillu sioned. Frequency counters have their
place , sure enou gh , but usually in the lab or shop
for direct measurernents, in-circuit. The more
astute and experienced hobbyists will have gooel
uses for them , but save your mone y unti I you
know what you' re doin g.

Beside s all that.. a frequen cy counte r does not
necessarily read out the exact frequency of a
signal. Much depends on the accuracy and
stability of the counters internul circuits. Most
hundred-dollar counter s are neither accurate nor
stable. If you try to adjust the master oscillator of
a receiver or transmitter using a cheap frequency
counter as a readout, youl l probably do more
harm than good . Sec j ust ahead under Precision
Frequcncv Standerds.

ADD A HOLD FUNCTION TO THE
RADIO SHACK RF FREQUENCY
COUNTER

Get the service manual for Radio Shack ' s
Frequency Counter (by calling 800-442-2428 ),
and follow these directions.

Figure 3-7: RF detector probe - sch em atic

Locate TP 17 - in the schematic. it's pin one of
U3. con necte d to -rSV thru a 47 k resistor. On the
circu it board. TP 17 is on the display side, ju st
right of the lower-right corner of the IC.

Grounds are about 1/4 inch below and to the right
of the three non-tinned points in the large area of
rnetal. TP 17 is the tinned pad next to a chip
resistor marked '473' for 47k.

Rig a momentary push button switch that, when
pushed, grounds TP 17 thru a Ik resistor (you
never can teil) and it works ju st fine!

Drill a small hole to mount the switch ju st above
the plastic depression to permit access to the
button with your right thumb. A small toggle
switch will fit if you want to HOLD reading s
indefin itely.

Now lcts make sa me useful test equipment for
shop and shac k.

RF DETECTOR PROBE FOR YOUR
MULTIMETER

Here ' s a slick littJe project for dedicated radioists,
from hams to Clsers: from SW L' s to scannisrs:
and from engineers to technicians on a budget.
The keyword here is b-u-d-g-e-t.

Electronic test equipment can be very expensive
but my RF VOLTAGE PROBE will cast very
litt!e, if anything.

You might already have everything you need Iying
around your shack. Sa whats an RF voltage
probe? Take a look at Figure 3-7. Thats a simple
one, and a very handy taal

RF Input

Output
Ta

Meter

Shielded
Cable

/
i

De Output

Probe Body

4.?-MW
or

3.9-M W

1N191or
1N34A

....----(::: Ground
Clip
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Figure 3-8: RF detector probe - me chanical layout
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can be a stout
sewinç needie

In a word . an RF probe i:-. J. "detecto r" : a sirup le
circuu that samples I adie freque ncy enerzv and
cum erts it la a De leveI that' s proportional to the
amplitude orthe original RF signal. Whats neat is
that (he output of this RF probe can be measured
with almost any high impcdan ee voltmeter'

GOOD ENOUGH??

Unless you have to take rneasurernents dow n la
the millivolt. my sirnple RF nrobe will sat isfv
virtually all needs. even of profess ionals. who
rarely need more than an indication of RF and not
sa much absolute values. RF voltazes can be
extrernely difficult to measure by the hobb yist
and the process usuall y requires cos tly equipment.

Yet, we ' re going to cra sh sorne barri ers with old
tech.nol?gy - an old circuit. and a slick way of
puttmg lt all together! Figure 3-7 shows the
sch~matic diagram of the detector. Figure 3-8
dep iets the mechanical solution.

This project gets really con venient if you convert
the body and light bulb of a pocket penlight
typ ic.ally Ra~io Shack ' s #6 1-2626. The only part
of this flashlight not used is thc push-button end.
and the internal sprin g "g uts" of the penlight.

T~e metal body of rhe penlight serve s as a
shielded housing for the detector circui t and
sernething to grasp when mak ing measurements.

If you LISt' the penl ighr a:-- the b :1SÎC bui ld inz bleek.
then first rernove the push-button end and t'he
spring inside . I: \, ill just push out through the
tU D'" if you aD"]' .: l i\dc f',:'i'ce. Nex:. unscrew the
lamp bulb frl; r'n the whitc piastic hcad and

carefu lly break the glass and clean out the shell
without darnaging the threaded brass base .

As the probe tip, gel a stout sew ing need le or
serne thing comparabie and sa lder it to the center
conductor of the bulb 's threaded base frorn inside
the shell, sa the point sticks out in the same
directi on as the gJass fo rmerly did.

Fill in the hollow base of the bulb around the
needle with epoxy or hot glue to give mechanical
strength to the asscmbly. Screw it bac k into the
pl a~~i ~ he~d. Finish up that pan of the operation
by fill ing rn the rest of the white plastic head with
either epoxy or hot glue.

Then ~o l de r one sho.rtened lead of a 0.00 I IlF
capacitor to the outside (back side) of the center
c~nductor of the bulb ' s threaded base. It might be
wrse to sa lder the lamp shell to the rnetal rins that
holds it inside the white plastic head. Also s~ lde r a
short ground wire to the lamp shell and let it hang
free for the time being.

Build the.simple detector circuit in Figure 3-7 on a
narrow prece of perf board that can slide dow n
inside the metal tube. Insert a 3' sec tie n of RG-58
or RG-59 coax into the hole Ieft by rema val of the
push button .

Prepare the end of that coax so that the center
conductor can be soldered to the back end of the
tesis tor (DC OUTPUT ) and the shield of the coax
to the gro und on thc board. Solder the free end of
the 0.00 I ~f cap acitor te the junction of the diode
catb ode and the front end of the resistor (RF
INP L;T l. Solder the free hanainz zround wirc
C • 1 • l ' ~ - ~

rrorn tne ramp s shell .above i to the around trace
on the perf board. ~
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ASSEMiJty

Carefully slide the whol~ assem~ly into the tube
and gently screw the white head int o ~he metal
tube. On the distant end of the coax, install a
conn ector to mate with the matching connector of
your high impedance vo~tmeter. It's ~sually a
dual -banana plug, but this can vary trom one
meter to the next. That ' s up to you.

Assembly of the RF probe is not part icuJarly
critical , but if you plan on measuring RF much
above 25 MHz or so, you should keep leads very
short especially those of the capacitor, diode, and
the front end of the resistor. Nothing is very
important from the back end of the resistor down
through the coax.

If you want your RF probe to be more accurate,
then use a precision (1%) resisto r. Che ck the
spec s of your meter: most have an input
impedance of either 10 MQ or 11 MQ. If 10 MQ,
use a 3.9 MQ resistor. l f your meter has 11 MQ
input impedance, then select a 4.7 MQ resistor. If
vour meter has some oddba ll input impedance
ather than 10 MQ or 11 MQ, then select a resistor
approximately 35% - 45% of that value. Nothing
to it , actua lly. The res istor couverts the peak-to
peak value of the RF signal to a DC RMS value,
generally more useful than P··P. RMS equats
0.707 times P-P, and P-? voltage equals 1.414
times RM5 voltage.

Conneet your RF probe to any high input
impedan ce De voltmeter - that's virtually AL,L
diai tal voltmeters, bv the way . The output vonage
o(the probe is at a posi tive De level, and the
voltmeter should be set accordingly.

The RF probe can be used as a signa l tracer and
gain analyzer, as well as an RF voltage measunng
devic e. It can also be used as a general purpose
RF detector for ernissions up to around !OOMHz
or so, and it s great for hidden transmitter hunts
and debugg ing operat ions !

lts sens itivi ty will he enhanced with an "an.tenna"
connected to the pro be tip, if you ' re samp ling
sig nals from the air. You can also con neet an
antenna to the input of a wideband RF preamp and
then sample the output of the preamp with the RF
probe for even greater sensitivity! When a preamp
is used for this purpose. it would be weIl to
conneet a 50Q resistor across the preamp 's output
to simulate the 50Q input of a receiver. Bec ause
this probe is designed primarily for RF .
appli cations, signals below 10,000 Hz will read

low . Forget the RF probe and use the AC sectien
of the voltmeter for frequencies below 10kHz.

APPL.1CATION EXAMpLE "

l f vour receiver is not funct ion ing properl y, the
Rf probe ca n be used as a signal tracer. First,
conneet the probe to the output of the last IF. stage
and note the amount of RF energy present tere. lf
no indication, move the probe back to the input of
the last IF stage and observe the meter again . lf
still no indication, move the probe to the output of
the previous IF stage and, if n~cess~ry, ~eep

going forward toward the RF Input 111 dus step
by-step marmer.

Wh en RF energy first appears, look far a problem
in the following circuit. Local oscillator operation
can also be checked, by touching the probe to the
osci llator.

The probe sensitivity is limi ted by the sensit}vity
of the voltmeter, sa it is unlike ly that you will
obtain satisfactory measurernents in the RF and
mixer stages of a rece iver where signals are in the
microvolt range.

The RF probe wi ll be good for signals of a couple
mill ivolts (O.002V) up to the break-dow n voltage
of the diode n OV). Use this pro cedure to check
RF or JF ampl ifie r gain. Write down the readi.ngs,
obtained and divide the output voltage by the mput
voltage.

The answ er vou ob tain VI 'iJl be the gain of the
stalle or stages . RF voltafles from transmitters can
also be measured, if the ratings of the diode are
not exceeded.

30 volts P-P wil! be about max imum for a single
dio de. If vour needs for an RF probe include
transmitters above 15 watts, then use two or more
diodes in series to extend the ratings. One diode is
zood for 15 watts RF , two for 70 watts, and three
for 150 watts .

Nope - that' s na e:r0r. ~emember th~ math
rezardins the relationship between VOltage and
power? Depending on the voltage rating of the
0.00 1 uf capac itor, hig h DC voltages can be
safe ly connected to the probe as Jong as the
superimposed RF voltage does not e~ceed the RF
voltaze limit of about 30V P-P per diode.e

For measure ments in circuits whe re the RF
frequency is lower than 25 MHz,. t.he ground lead
length and position are not too critical .
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For me asurerncnts of higher frequency signa ls ,
the frequency response of the pr obe can be
ma intained "flat" by secur ing the ground lead
firrnly to the probe bod y w ith a rubber ban d. This
provides a short length ground return with 10w
inductance,

The RF probe is an indispensable tooi around the
serious monitoring shack, It can also be usefu l as
a "bug" detector, but yo u 'd want to practice up
using it for that purpose to detennine its
limitations and exceptions.

A short length of wire on the probe tip will serve
as an antenna to detect RF fields from bugs and
10w power transmitters, but practice with it using
a cordless telephone to determine range and
sen siti vity.

OSCILLATORS, •. SIGNAL GENERATORS

Signal generators are costly, and cumbersome to
lug around . You can , however, roll your own into
a cubic inch or less for next to nothing provided
vou don't mind a lack of frill s. a little work.
~nodest performance, and serious ugliness . .

The gizmo I have in mind is a basic crystal
oscillator that will accept almo st any type of quartz
crys ta l over a very wide range of frequencies . A
handful of crystals wiJl yield a perfectly functional
signal generator that can be used to evaluate the
performance of shortwave and scanning receivers,
as weil as antennas . The oscillator can be the
emitting device for hidden transmitter hunts. Add
a few extras for an FM wireless microphone.

An oscillator does the same thing as a guitar string
when plucked; or a piano string when struck: it
oscillates or vibrates at a precise and relatively
stable, consistent rate.

Lik e mu sical strings, an osc illator can be tuned or
adjusted. U nlike musical str ings which vibrate at
audio rates, our oscillator vibrates at radio
frequenc ies, from mayb e as low as a few hundred
kHz to 100 MHz or higher.

Our oscillator will be coarse-tuned or "adiusted"
by eha ice of the crystal. Each crys tal ca n"be
"tri mrned' or finely tuned by means of a sma!J
trimmer capacitor. There ' s noth ing much to ie a
cryst al , a transistor, and a few parts.

One benefit of the cheap osci llator in Figure 3-9 is
that not only will it put out a healthy signa! on the
funda mental frequency, but also plenty of
hannonics up to the 8th to l Oth or thereabouts.

(heek;:;: The Ult imat e Scanner

Norrnally this is not good ; signa! generators are
supposeà to produce j ust the frequency to which
they are tuned , but ours is so simple (on pu rpo se )
that it puts out eigh t or more od d and even
mul tiples of the crystal frequency.

Then, depending on the type of crystal , it might
also put out subhannonics of the crystal frequency
as we ll! Again , th is "shoddy' operation is not
norm ally considered good, but for our purposes,
it means a number of test signals will exist in the
output at the same time. That means you can test
your shortwave receiver and scanner across fairly
wide bandwidths without changing crystals.

BUILDING.YOUROSCILLATOR

Construction of the test oscillator is not critical,
but for best operation with the most hannonics, all
components should be close together with short
interconnecting wiring. The test oscillator is
powered by 9V, but the supply can probably vary
from as low as 5V to as high as 12V or a little
more. lust be aware that the frequency will change
as the voltage changes, which is not good even for
our test purposes.

For portable operations and transmitter hunts
(they ' re a lot of fun ... ever try one?), I prefer to
power my test oscillators with two 9V batteries, in
series for 18V, and fed to a 78L09 or LM-317T
regulator to set the voltage to a regulated 9 volts.
I' 11 leave the oscillator' s power to you, but my
design is 9V.

WARNING: Dependingonhow you configure
and use the test oscillator, .its operation could·be
illegal. The Fee imposes a limit on the effectÎvê ..
radiated power, which involves both amplification
and antenna configuration: ' \ . ..

eaveáts()utQfthê \\i~Y: ' l~;/rbtliIdit .m<! b~"é : ' ·sorne fun . .' .Ó :» .,' •• • ". , , .. • .. ,

Refer to Figure 3-9: perf board assembly, with
point-to-poirit wiring and so ldered connections, is
fine . A crystal socket facilitates easy swap of
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crvstals as desi red. That s how the fundamental
frequen cy is set, of course.

A secket for the transistor is nice in the event you
des troy one during setups and aJignmenl.

THE MECHANICALS

The assembIed board should be installed in a small
metal box for shielding and isolation from sudden
temperature changes. The metal box always
should be grounded to the ground traces on the
board.

A BNC jack can be installed almost anywhere
convenient on the box to facilitate the conneetion
of an antenna, whieh should not be longer than
about 10" to keep operation legal. If you live near
me, make that a maximum of SNor so.

Use a DC adapter, and a corresponding DC jack to
input power. Install battery clips to hold the one or
(WO 9V batteries for portable operations , The
trimmer capac itor can he most any mini-runable
type with a maximum of not more than 100-200
pF and a rnmimum of i O- 15pF or so,

ADDING VOICE

If you need a low power voice transmitt er. the
trimmer capacitor ean be substituted with a
varactor diode. Ir is bevond the scope of this
sectien tel dweil on how 10 ehoose the best
varactor diode. but they are cheap enough that trial
and error of a few wiil produce a nicc sounding
voice transmitt er.

Add a 470jlH (micro-Henry) RF choke to the
junction of the crystal and the varactor diode and
reed a preampli fied audio signa] to the other end of
the choke . The out put will be narro w-bund FM.
so this unit mizht make a nice wireless
microphone i()'ou use ingenieus mechani ca]
packaging.

The peak- to-peak value of the rnodulat ing audio
signal wil! deterrnine the FM deviation of the
carrier. and se rne thing on the order of IV P-P,
will probably be required.

This means the audio signal should come from a
gain-adjustable preamplifier so you can set the FM
deviation to about ±3 kHz.

USING IT

The oscillator is great for testing and evaluatin g
antennas, too! A portable version a hundred feet
frorn the antenna under test will produce a reaI-life
signal without bothering a soul anywhere else.

The antenn a can then be trimmed. tuned. and
adjusted for optimum performance on the desired
frequency using your receiver and S-meter as
visual/aural feedback instrum ents .

The Low-C ost All-Purpose Oscillator emits a
range of signals as multiples of the crystal
frequency. For example, if you select a 20 MHz
crystal, you can expect to find signal s at 20, 40.
60, SO, 100, 120, 140, and possibly even 160
MHz and above, but all at 20 MHz intervals (they
are harmonies. right?).

You might also find subharmo nies at 10, 5, and
2.5 MHz . "Ov ertone' crystals like those used in
oJder CB radios demonstrate this characteristic.
The once-popular 23 MHz and 37 MHz series
work great.

So, you sce, the Low-Cost All Purpose Test
Osciilator makes a handy instrument for yam
beneh. Th is simple. low-cost. design is goed for
other things . too ..

OSCILLA TOR PRANKS

I heard this story from the golden days of CB in
the late '70s. The "good guys' in Springfield.
Missouri, whipped up one of these osci llators and
carefu lly tuned it to a "bad guy's ' home channel.
The "bad guy' called himself "Cookie Monster."
but everyone else called 'im "T urkey Monster."
You catch my drift here ...

The gizmo was sealed into a jar with a fistful of
harteries to last seve ral weeks, and a 2-3 ft antenna
wire was red through the lid. The jar was buried
50 yards from Turkey Monster' s house, and thc
antenna snaked under leaves and grass, so that for
weeks, the poor fellow was unable to hear
anything on his favorite channel, thanks to the
dead carrier.

The oscillator has many uses, obviously. Put it to
good use, and test your receivers with ie not those
of other peop1e.

Unless they really deserve it...
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Figure 3·9: All-purpose test oscillator

~OTES

1. Tne crysta! is not critical, but probab!y should not be
lower than 1 MHz. nor higher than 50 MHz.

2. An optimum value may be as high as 11 OQ-ohms. Use
of a 2-k trimpot is suggested to determine best value.

3. An epumum value may be as Iow as 4000 ohms . Use
of a 1OO·k trimpot is suggested to delerm ine best value .

4 . The trimmer capac itor should have as wide of a "swing"
or tuning ratio. max to min, as possible . The high end
will not adversely affect the oscillator 's operation , but
oscillat ions may stop as the trimmer is adjusted toward
the minimum end of the range.

5. Ground Iraces and conneclions are shown in
heavy black Iines. All grounds are
inlerconnected.

....------...----.....------(::J)::} Ground
6. Substitute a varactor diode for the trimmer capacitor if

NFM-voice is destred. Add 470·uH RF-Choke as shown . ---
PREC'S,ONFREQUENCY STANDARDS
...YOU MAYALREADYOII'IN 'ONE!

If you own a PRO-2004, PRO-200S , or a PRO
2006, then you' re sitting on a preci sion frequency
standard, sa you ma y as weil put it to use to
upgrade the capabilities of your shop and shac k !

Everythi ng in RF today is crystal-based , and the
accuracy of the cry stal determines the performance
of the co mmunication channel, so it ' s important to
have a good , stable, and accurate reference in your
shack . There ' s one inside each of those uni ts...

If vou don ' t 0\\ 11 one of these scanners . I ' Jl sho w
vou how to make a precision freouencvs tandard
similar te the one ins ide them ! ' -

ASPE~IAL ADJUSTMENT 'INTHE. :
PRO:.2004/S/6

To date, we have paid Jots of attention to the
"brains" (CPU) of the PRO-2004/S/6 , bu t nothing
has been said about its Re ference Oscillator. Its a
sorta sec ret, but 1'11 show you wh ere ta look .

Referring to Figure 3-10, open your PRO
2OO4/S16 Service Manu al to the schematic diag ram
for the PLL Section.

Hunt up IC-30 I (PRO-2004) or IC-302 (PRO
200S/6). Ne xt find Pin j of that chip, an
MC 1451 S8. Foll ow the trace from Pin 1 and it
will run directly to a nondescript littIe gizmo called
·'X-30 1."



69

+5v

THE SYSTEM CLOCK

scanner, h's viral to run at cxactly 10,000000
MHz give or take mayhe 10Hz (1ppm, or one
part per million).

THE MAGIC SCREW
That's what the ADJUSTMENT is for and there is
absolutely NO WAY to correctly adjust it wilhout
the proper tools and equipment.

I wouldn 't even teil you about X-301 except for a
wondertul use for it that 1'11 get into a bit later, But
since I have mentioned X-301. then I'm obliged to
teil the whole story, sa bear with me,

X -30 I has to run at an exact frequency or else thc
scanner won't tune properly: kind of like the
timing of your car's ignition. That 10 MHz does a
number of thing in your scanner, one of which is
to get multiplied up to around 600 MHz for use as
the first IF injection frequency. Sa a 20 Hz error
at 10MHz, multiplied by 60 becomes a 1200 Hz
error at 600 \11Hz,

Not bad, bu t not good either. The fine razor's
edge of your scanner's performance can be lost
with errors in excess of 10Hz. At errors of 40 H7
or more, it's sunk '

That' s because the time base in each onc can drift
throughout the course of a day. and is different
when its first turned on than it is when ir's been
running for a while.

Now here j o; \VHY Radio Shack doesn't teIl us
abour that adjustrnent. Say you have a frequency
counter (aimlesslv adjusi X-30! without one, and
vou're hopelesslv mired). With one, you're
dangerous! A frequency counter has its own time
base, or crystal reference, and if its to he useful
in this situation that counter's time base must be
more accurate than the scanner' s reference you're
trying to adjust. Few are,

Your frequency counter is na more accurate than
its time base, which in most hobby grade counters
is pretty sloppy, and that' s true for some
inexpensive counters, toa, I'm saying that you
can't trust your frequency counter to be as
accurate as requirecl for X-301 adjustments. In
fact, X-3Ü I is probably more accurate and stab1e
than most frequency counters you're Iikely to own
as a hobbyist!

Let's put it this way: I have several frequency
counters; sorne good and some sa-sa, and I don't
trust any of 'ern without first checking its
calibration.

r__------- REF OUT
Frequency
Counter
Herel

Figure 3-10: X-JOl in the PRO-200S16

-IC
li · I ~
~+t-t,
U w;.....

i
" ;"IfI..

NorE: This circuit as
shown is for the PRO-2üü6

ä ~ ~ and PRO-2üüS, but is...... G*O fundamentally the same
. . as in the PRO-2004

...

I'Il bet vou never noticed it before, or disrnissed it
as unirnportant. The Service Manual pays it no
attention and pretty much leads you to believe that
it is just a 10 MHz crystaJ. It's not mentioned in
the Alignment Instructions. either.

Oh, but this little puppy is more than just a crystal,
measurinz l Smm x Srnm x 10mm high, X-301
contains ~ crystal, a transistor, and a {ew other
components and is marked TEW or TX-1824,
with various suffix letters, X -301 has a little hole
on top of its metal housing, sealed with a small
square of clear tape,

Inside that hole is an ADJUSTMENT! For Pete's
sake, LEAVE IT ALüNE until you learn what it's
for, what it takes to tweak it, and what will
happen if you screw it up.

You know how important the scanner"; CPU is?
WeIL X-301 is just as important if not more sa, A
brain without a heart is about as usefu1 as feathers
on a lizard. X-30 I 1S the svstern "ticker" but we're
not supposed to k'10W abcut it for good reason !
X-30l is the Master Refcrence Oscillator for the
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Yam counter drifrs. too, and nrobablv worse than
mine. Even if your frequencycounter is with in 20
Hz at !ü MHz (thats t \'..'o parts per million) . irs
worthless tor adjusting X-3en :

ADJUST'NG X·301

Now I arn going to undo almes t everything I just
said by showing you HOW to adjust X-30 J ,
There are some restrictions. Read 'cm and heed
'em. First , the taa l necessary to adju st X-3 0 1
can't be found just anywhere . In fact, I don't
know where to find the PROPER taal.

The adjustment in there is a little weird, but the #4
fla t-blade screwdriver in Radio Shack's Precision
Screwdriver Set, #64-1 94 8, will get the job done
if you're gentie and care ful.

Nothinz else will work that I know of without
darnaging the adjustrnent head of X-30 L and if
you do that. you 're dead in the water.

wwv - TAX MONEY AT WORK!

Now that you're armed with the right taal. here's
110W to bring the United States National Bure au of
Standards into your shack. You 'll need a
shortwave receiver capab le of receiving WWV at
lOMHz. As you may know, WWV in Colorado
and WWVH in Hawaii eac h braadcast al OMHz
standard frequency along with Time of Day and
ether standard parameters.

We'U use their 10 MHz RF carrier because it is
certified to be accurate to within one part in 10' I,
We will use the most accurate radio frequency in
the world to calibrate X-30l. You can't beat that
with a stick!

Now tune in WWV or WWVH at 10 MHz and
make sure you get a fairly decent signal. At certain
times of the day, it may fade or be hard to detect.
If sa , wait for a better time, because you have to
have a stabie. clean WWV signa!.

A little noise won'r hurt , but vou better be able ta
hear the voice announcements each minute and the
tones in between the minu tes.

Assuming that you have a decent \VWV signal
available, pop the case on your scanner and locare
the PLL sub-chassi s on the bottorn side of the
PRO- 2004!5!6. Pop the co ver off the shielded
cornpartrnent that comains X-30 I and take a
moment 10 familiarize yourself with everything

you need to know. Idcntify X-30 1 and the l ó-pin
;vlC i 451 :'8 chip.

See Figure 3- 11 where X- 30 ! for the PRO-2004 ,
and its surrounding circuit, are shown in great
detail. It closely resembles X-30 1's circuit in the
PR O-2005i6. Tne ?vlC 145 158 chin is TC-302 in
the PRO-2005/6 and IC-30 ! in the PRO-2004,
Then locare Pin j 4 of the chip, the buffered
(isolated) 10 MHz output of X-30l. Interesting
(and useful) that the Pin 14 Reference Output is
not used by the scanner. Therefore we can use it
without affecting anything in the scanner!

With your SW receiver tuned to WWV at 10
MHz, touch the end of a short 6- 12" insulated
wire to Pin 14 of the MC 145 158 chip.
Immediately you'll note a different sound out of
the nearby shortwave receiver! That's becau se the
10 MHz signal from X-301 wil! radiate from the
wire and be picked by the SWL receiver, and
mixed with the WWV signal.

It will be helpful if your receiver has an S-meter
for a visual indication of what's happenin g, toa.
We will use this "sound" and the S-me ter, if yam
SW receiver has one , to adjust X-301 more
accurately than any frequenc y counter reliably
could! ' !! If the signal from X-30 I total!y
overrides v..'WV's signa! on your recei ver, cut a
few inche s off the wire that touches Pin 14. The
idea is to be able to hear (and see ) bath VIlWV and
X-301 's signals at the same time at about the same
strength, give or take a little .

BEA T FREQUENCIES

Now, pause for a moment to get a clear picture of
what we're about to do .

Get someone to gently whistle a very steady tone
at about 1 kHz , and then you do the same. Have
the other person hold their tone very steady while
YOU adjust yours to match theirs . As your tone
comes close to the other' s, you'll "hear" a nutter
or warble, which will slow down the closer the
tones get to match ing, and which will speed up the
farther away they get from a match.

That tlutt er is a "beat frequenc y," or the difference
between the two tones, If vour tone exact lv
matches the other, there \\:ill be na warbIe·or
flutter and the two tones wi l! "svnc' in an
indescri babie sa rt of a w av, Yóu'll see what I
mean with a Iittle practice. This process is caUed
"zero beating" or "hererody ning."
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Back to \VW\' , the sc anner, and X-30 J." WVlV
transmits a very high quality 10 Mllz signal, and
X-30 I generates ("transmits") a signal pretty close
to that. but not as c lose to a perfect 1OMHz. You
will "hcar' the difference between the two by
listen ing to the receiver as the wire is touched to
Pin 14 of the MCI451 58 chip. If ya m SW
rece iver has an S-meter, sa much the better: watch
it as you listen to the sound .

TUNING

Peel away one corner of the tape that covers the
hole in X-301. Gently tweak X-3ül a fraction of a
turn in one direction; instantly you'll hear a
differen ce out of the SW receiver. If you went the
"wrong" way, that difference will "spee d up ," if
you went the right way, it wil! " slow down."

lf you're watching an S- Meter, it wi ll j iggle fas ter
when you tweak X-3Ü1 the " wrong" way and
slower in the "r ight" direction. Now tweak X- 3ÜI
in the " right' ' direction slowly, and a bit at a time,
while listening to the S\V recei ver.

V/ hen you ge t X-30 l's frequcncy to ma tc h W\VV,
you'l l know it. T he "effects" wilJ slow down to
ze ro. Twcak X-30l back and forth a few times to
see what I mean . 'lau just kind of " rock" it in until
things are right. H's tough to describe , but you'll
kno w when it's richt. And, when it is . X-30 1 wili
be with in 1 or 2 Hzof WWV's I0 ~Ü-Iz . T hat' s
yam objective: to get it " right on."

During th is proce ss , yo u mi gh t occas io na lly
remave the wire from Pin 14 to adjus t your
hearing to pure WWv. Then touch the wire to Pin
14 again and you' lI "sense" any differences. The
whole process takes only a fe w sec onds after you
understa nd what la do , what to listen for, and
what to watch for on the S-Meter. Ir isn' t mysti cal
or difficult , it' s just harder to de scribe than to do.

After vou bec ome comfortabIe with this
procedure, you can use it whenever a wwv 10
MHz signal is av ailable to keep tab s on the
co ndi tion of X-30 1. T hat 's wh en you wil! be
pleasantly surpri sed! Ir will rarely need
readjustrnent!

At the beginning of thi s sectio n, I spoke of
accuracy and stability . X -301 is a precision
Ternperature Compensated Crystal Osc illator
(TCXO) which will rarel y if ever drift out of
toleranee. Once adjusted, a TCXO tends to stay
adjusted , I would be surp rised if it needed

readj ustment more than once every few months , to
tel! you the truth, and even then ...'l '!

Whenever you check X-30 I, count the number of
I beats o r wa rbles per second and if less than 5,

do n' ! bother with the readjustme nt. 5 Hz off is na
big deal. That's the neat thing about X- 30 1, which
takes us next to the " wonderfu l little use for it "
that I mentioned earl ier.

USEYqu R PIl°'-2004/S/§AS''A .
PRECISIONFREQUENCYSTA.NDARD ;·

NOTE: Even if you don't have a SW recei ver
with which to verify and adjust X-301 per the
above procedure, you can still perform the
following modification with high confidence that
the 10 MHz output will be within 20 Hz of exactly
10 MHz. That's pretty close tolerance !

T rim all but abo ut 118" of the leads of a 0.01 ilF
disk capacitor and careful!y sa lder one of the leads
to Pin 14 of the MC 145 158 chip. Ta the other leg
of the cap, solder the ce nter con ductor of a section
of mini coax cable such as RG-I 77fU (impedance
doesn 't matter) , and I suppose yo u could use RG 
58, though it's a bit bulky for th is purpose. Salder
the shield of this coax to the side wall of the metal
cornpartrnent that houses X-301. Route the coax
ro the rear of the scanner's chass is and install a
BNC jack RS #278- 105. Salder the center
co nductor of the coax to the ce nter pin of thc BNC
jack. and the shield of the coax to the me tal
chassi s or to the BNC ground lug, if it has one .

Now trim a no tch or hole in the co ver of X-30l '5

metal shield compartment sa the cover can fit back
on over the coax.

YOUROWN.PRECI$ION "',ME".IiJASE ·

Congratulationsl

Now you have a precision 10 MHz signal that can
be used for anything from calibrating frequency
co unters to just periodicaliy checking X-30 I
against WWV without having to take apart the
sca nner! Ta calibrate a frequency counter , fir st do
the WWV "zero-beat" test to make sure that X-301
is pretty close , within 5 Hz is great. Then conneet
the counter to the 10 MHz BNC jack and adjust
the counter's internal calibration trimmer sa that it
read s OO0סס.10 lviHz. Check bath X-301 and
yam counter pe riodicall y, and you'll soo n k arn
how drifty thc counter ean beoYou' lI also learn
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Figure 3-1J: Precisio n [requency sta ndard
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NOTES:
A. Voltage regulator circuit not required if other souree of +5v regulated oe is avaiiable

B. Boltom view of the TX-1824 is shown; metal case tabs to be grounded.

C. N-channel JFET ; not critical ; idea is to isolate the output of the TX-1824 from the external world .

D. All parts available from Radio Shack; wiring not crit ical, but all leads should be kept as short as possible and

assembly should be installed in a metal shielded box with a BNe output connector for best results. Add
other enhancements as desired including On/Off switch, LED, power jacks, etc.

how roek-solid X-3ül is; a space-age miracle of
accuracy and stability.

The 10 MHz output jack can provide your shop,
shack. or station with a new dirneu sion in
precision and confidence in the accuracv of vour, • .I

equipment.

I have evaluated X-30 1 in ever" PRO-2004/5/6
tnat has crossed mv bench since! 986. and in al!
that time the " ,.." ,' ·'~ ·lC è of 1· 11 '·lr - '"I' I- " ~ \' ever noted>. { .. .1.1 _ f t ....... . '--' . .... .. _ '01 " \.. ; . i,.. ~L ~ u t.,... . U

was about 40 HL and that unit had problems :
The rest have been within 20 Hz and most within
10 Hz. Therefore. even if you have no method or

desire to adjust X-301, you can still use the above
modification as a standard frequency output for a
variety of purposes1

You see, it is safe to assume that X-301 is within
20 Hz of !OMHz and possibly a lot closer.

I have heen evaluating a spare X-30 1 that I
installed in a smal! metal box and keep powcred
uo. nizht and day . I check it several times a dav
agai n~t \V\VV , and so far, it has net drifted more
than 4 Hz. Most of the time. it stays within ] or 2
Hz ofWw V, despite daily arnbient temp érature
excursions of 20-30 ::> in 111Yshop .
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GENERAL PURPOSERF PREAMP 
THE WBA·6

First, we necd a basic understanding of
amplifiers. Hobbyists tend to th ink in terms of

GAIN

---~

lt 's not often the home brewer can coneoc t an
incredibly useful gizmo with almast ernbarrassing
ease, but I've gat a hot dawg for everyo ne, from
con firmed cou ch potatoes to dedicated field techs.

The W BA-6 Low Noise, Wideband, RF
Preamplifier wil! sui t a variety of non-critica l
needs for amplification of RF sig nals from below
1 MHz to beyond 2000 MH z, with a noise figur e
of 3dB or les s. Flip ahead to Figure 3-12 for the
gai n curve of this useful gad get , which is +2üdB
at 1 MHz, +23dB at 250 MHz, + 12dB at 1 GHz,
and +6dB at 2.5 GHz.

Gain remains above +9dB ou t to 2 GHz. There
may even he useful gain weil below 1 MHz, but
it's not spec ified by the manufacturer of the
monolithic IC. So wh at's all the ruckus about th is
circuit?

Rad io hobbyists need to amplify radio signals
between DC and Daylight, not only for receivers
but also for tes t and measurement applications
including frequency counters, RF and bug
det ectors, signal generators, osci lloscopes, RF
voltmeters, and more .

The new X-30 1 has three pins on it: +5V, Gnd,
and JO Ml-lz Ou t. Make cert ain vou understa nd
which is wh ich befare tnoving lorward .

Youll need a few other componcnts and a metal
bo x, preferably sealable. to complete the project.
Reler to Figure 3- 11 for the schematic. simple
wiring plan, and the needed parts . The circu it is
simple and self explanatory, but I' II add that a
J-FET transistor (M PF- l 02), or simi lar is
necessary to isolate the critical TX 1824 modu le
fro m the things you may eonneet to it.

The impedance between the drain and the gate of a
J-FET is extremely hig h, such tha t if you were to
short the output terminals of the cheap J-FET,
absolutely nothing would happ en to the more
ex pensive oscillator module. Also, connecting
things directly to the output of the TX-1 824 could
cause the frequency to drift a linle. Oscillators are
like that . The J-FET is cheap insurance.

~!i5~MBfE,ygfJRgWN PREc;1510N
FR~fiJJË~CY<5TANDARlJ '" .

Use a stand-alone X-30 1 mo unted in a metal
(temperature contro lled?) box with a BNC jack
output ! First call Tandy Nationa l Parts at (SOO)
442-2425 and order a replacement X-30 1.

Tell the order-taker that you have a PRO-2006 (cat
#20- 145A) and that you need Part #TX IS24G-3 ,
identified as X-301 on the sehematic diagram. A
few day s later, and you 'll be weil on the wa y to
turn ing your shack into a mini -ealibration lab!

So why did I tel! you all this? Maybe I ought ro
have my head exarni ned , because a perfec tly fine
scanner can get boogered up by indiscrirninate
rnonkeying arou nd . On the other hand, the neat
things about X-3ü 1 are just toa valuable to kee p to
myself. Everyone trusts frequency counters the se
days like babies trust their Mamas. but that's the
wrong thing to do .

A frequency counter is no more acc urate than its
time base , and most in the hobbyist's price range
are no closer than 200-500 Hz, with lOO Hz near
the best until price jumps sky-high.

Hobby counters are typ ically specified to have a
time base accuracy of 1ppm when they leave the
factory. Manufacturers rarely mention DRIFT in
their literature . So you can see why a frequcncy
counter is no good for adju sting X-30 1, but ifI
hadn't told you, then sooner or later you'd have
discovered X-3ü l all by yourself and that little
hole woul d have whispered, "A d just me, adju st
me! "

YOllcan~qt\lse~V.to . calibratc.it .using.the
techl)Ïqiie'~ssectiondescribes f or the .PRO
2004/516: See the.next sectien for.alternatives .

LOOKOUT! While the new PRO-2ü35 is almast
a slopeofthePRO-2004/5/6 , Itstimébase, or
ver~i()nofX301,isat12.00000QMHz,.no:
101000000 MHz.

And you would have grabbed your trus ty
frcquency counter and go ne to town... and to
oblivion . Now there' s hope , bec ause you can
adjust X-30 I correctly and at the same time,
ca librate your frequency counter for other
precision needs!

Now it' s project time, especi ally for the se who
don't own a PRO-2004/5/6 scanner.
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pure. raw. un adulte rated . rip-sno riing , fire
breathing GA.IN. W eIL it would be nice ((gain
co uld he "unadulterated." but unfortunatelv, we
live in a real world. Basically , ga m is a .
multipl ication of sign al strength and, preferabl y,
to the exclusion of undesi red sign al s. •

:rhi s is very difficult to ac hieve when the ampl ifier
IS to be wh at we call " wideband." because within
that "wide" band reside potenrial und esired
signais .

Unfort unately. a wide ba nd amplifier arnplifies
ALL signa ls within its passband. so those are not
the kind of undesirable sig nals of which we speak
ll1 thi s c?ntext. Instead. we 're taJking about nasty
signal s like internall v zenerared noise
int«l7!u!dulatioll , and (~~'oss-m ()du la ; ir;1l product s.
[ hese fu nky sig nals are co ntro llab lc. but control
co mes at a price in the real worl d .

Th ink of inter/c ross-moei products as pseu do
signais. or sig nals that do not exi st outside the
device. They' re ge nerar ed by interaction of
discrete (sing le frequency : sig na ls wit hin the
ci rcuit. and appear as surn and ditterenee signalx.

Think of norse as it reallv IS; random and chaotic
energy, Iike static. that co vers up or obliterates
de sirabi e sig na ls. A mpli fie rs sho uld be desizned
for !OH ' noisc and higl Î dvnamic range to max imize
the benefits of GATN . hu t its easier said than
do ne .

Modern technology has co me a lon g way,
howe ver, and we can ma ke use of it to home-brew
a gen er a] purpose, low noise, wid eb and
preamplifier for radi o siz nals from wav below I
MHz to weil over 1 GH~ . '

Thanks to the cheap, simp te MA.R-ó mon ol ithic
amplifier ch ip fro m M ini-Circui ts Labs, Inc. ,
which is specified to have a perform an ce range
[rom DC to 2 GHz. '

DYNAMIC RANGE

The dynamic range of the MAR-6 device is
defined by the ..lelB comp ression point, " whi ch is
+2dBm. This is a rat io of the maximu m sain of
the dev ice where incomi ng signals are co rnpressed
by idB to the min imu m dis ce rn ible signal leve l.
+2dBm isn't es pecially great, but wh at do vou
want for a few bucks? .

The rvfAR-6, as used in our WBA-6. will do
nicel y as an experim enter 's gener al purpose RF
preamp. You 're gonna love it!

Cheek3
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NOISE FIGURE

Nois~ Xigure is ~ very importa nt speci fication of an
amp lifier. Im agin e l OüdB of ga in with 100dB of
noisc. (A rrrgh @.' ) Obviously, the lower the
noi se fig ure , the better.

As a rule of thurnb, anything bel ow 5dB can be
I co nside red to be relat ivel y 1ow noise, but for

receiver applications the lower the better.

The noise figu re for a typi cal co mme rcial recei ver ,
inclu ding scanne rs, is 2dB or Iess with the real
pro stuff co mi ng in under 0 .5dB . Th e MAR-6
device in our ~ow No ise, Wideband Preampli fier
has a NOI se Figure of 3.0eiB, which is "u seful:
no t great. " I tried the WBA-6 preamp with Il1Y
PRO-2004, PRO-2006, and PRO-43 scanner s.
and wit h a Yae su FRG-7700 shortwave receive r.
It definite ly made a di fference on weak signals,
and found so me that co uid n't be heard wi thout it.

Lik e most pre am pli fier s. it added nseudo-siana ls
of its own. but thi s is acceptabl e f~)r most h~bb\'
situa tions . Talso uscd my WB A-6 as a preamp fo r
a ha nd-held frequen cy co unter and a han dheld RF
(bug) detector, wherc it really stood out'

RESUI..TS

lf you use a frequency co unter to de term ine
frequenc ies used by security guards. stadium
ushers and suc h, you'll find that the WBA-6 can
do uble or triple the effective range !

l.f a walkie-talkie triggers your frequency counter
trom 20 feet aw ay, the WBA-6 might increase the
range to 40 fect or more (and double the ran ze
equals four times the power) . The WBA-6 aIso
lends itself as an osci llosc ope and RF voltme ter
preampl ifier where c ircuit signa ls might be just a
bit too weak to detect.

BUILDING IT - FOI..LOW BASIC
RUI..ES

Okay, let's get down to brass tacks and build thi s
jim-dan dy, all-purpose RF preamplifier. You 'll
need only a few part s. as shown in Table 3-2.

Remember that I sai d th is project was goi ng to be
easy ? Ir is. but yo u can't just s lop it together and
expect to enjoy the benefits of low noise and hi gh
gain over a wide bandwidth . -

Elect ronic design and cons truction techniques are
"anyth ing goes" bet ween De and a few hun dred



kHz. Up to about 30 MHz or so, on ly the basic
RF tech niques are requi red . Then . betwe en 30
MHz and 300 MHz, thi ngs ca n ge t touchy if you
don't eh oase the right co mponents and pay close
attention to how they are laid out.

Above 300 MHz (UHF), there simply is no choice
but to follow establi shed guidelines for component
and circuit designs for whi ch there is almost na
room for error. UHF frequencies just don 't
behave like HF and below. VHF is a middle zone
where sometimes the old ways are okay , and
sometimes not. The WBA-6, however, can
perform up to 2 GHz and beyond, so special care
must be exercised in its con struction if you hope
for lots of wideband gain with a low noise figure!

cap-OUT

Comes first , THE EASY WAY l Ele ctronic
Ra inbow, Inc. offers the WBA-6 as a kit of all
required part s, including precision printed circuit
board.

The kit corne s with good instructio ns to assernble,
install, and operate. See Table 3-2 to find sourees
for the \VBA-6 Kit or for the discrete parts if you
want to roll your OWI1. You can fabricate your
own \VBA-6 from the diagrams and guidance
offered here if you are handy with assembly and
know something about the parts for VHF-UHF
circuits; otherwi se , the kit is your best bet.

CIRCUIT BOARD

Fabrication of the Iittle printed circu it board will be
the most difficult part of this job, and only
because VHF-UHF circuits don't tolerate much
sloppiness or deviation from specs . Therefore ,
you should get the WBA-6 Kit from Electronic
Rainbow, Inc ., if yo u aren' t cornfortable doing
the PC board yourse lf.

You will need a double-sided PC board that
measures about 20 x 30 mm oAll the traces and
foils are lines or rectangle s, sa the stand ard
etching process might not be as good as a sharp
utility blade (Xacto" Knife) to slice through the
copper foil ; remave the unwanted copper strips by
hand.

That dental plaque seraper is a good taa l for
we rking the copper foil off the board after it ha s
been scorcd/patterned with the knife.

Figure 3· !3 will pre sent the simple schema tic
diagram and Figure 3-/4 shows the foi I pattem.

parts placem ent, and imnortant dirnensio ns of the
PCboard. Figure 3- j 5' fs a pho to of Rainbow ' s
\\'13:\-6 printed circuit board.

After the PC board has been bou ght or made, and
properly prepared, the res t of the job is a snap.
Position and solder the compone nts as shown in
Figure 3-14. The MAR-6 amplifier chip has a dot
next to one of the leads, to identifv the INPUT
pin. sa check that when you solde-r it in place and
the othe r three leads will be positioned just right.

Use as little sa lder and heat as possibl e, but
enough of each to flow smoothly and evenly. The
ch oke , L - I, is a ferrite care slipped over a short
length of solid hookup wire .

You don 't want to use a regular coi I type of choke
here, which doesn 't work well at VHF and UHF
frequencies . A 20 ~H chip-style choke mig/a
work here, if specified for UHF fre quencies, and
if you can find one. Otherwise , use the specified
ferrite bead slipped over a piece of so lid hookup
wire and keep the leads SHORT! Other than that ,
assemb!y of the PCB is straightforwa rd sa long as
you use chip- type capaci tors and resistors.
Remember, we are anxious to achi eve high gain
over a wide band, with low noise .

MECHANICALS

The WB A-6 amplifier board should be installed
inside a metal enclosure: the smaller, the better.
BNC chassis-rnount connectors should be
installed on opposite ends of the enelosure at
points clo sest to the RF Input and Output points
on the WBA-6. You don't want any more lead
length between the BNC connectors and the
WBA-6 than is absolutely necessary . The RF Out
end of the box should be fitted with a male ENe
chass is j ack to facilitate easy conneetion to
scanners, frequency counter s, etc . without the
need for an adapter.

You can use a female BNC jack at each end if
more co nvenient, but then yo u'll need a male-male
BNC adapter for some occasions.

For my prototype unit, I built an enelosure out of
double-sided printed circuit board material
soldered together into a rectangular box , with one
side temporarily left open for access.

Each end cap of the box was drilled and fitted with
a BNC chassis jack, female on the RF In end and
male on the RF Out end. The box was made
exactly long enough for the WB A-6 board to fit
precisely.
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Table 3-2 : WBA-6 pa rts list and sou rees

Cheek3
; The Uitimate Scanner

Ci rcuit Symbol De scription

C- !.2 Capaci tor. 0.0 1~F. chip

C- :. Capacito r, I .SuF, chip

Cf C apaci tor, 470 pF. feedthru

L- I Ferrite bead

R- I

u-i

""1 i:0; '':

Input

Option

Option

Kit

Resistor. 511n. metal film , chip

Mon ol ith ic amplif ie r; OC- 2 GHz

Pr imed C irc u it Board. 2- sided

BNC Chassis Jack . female (In )

BNe C hass is Ja ck, male (Out) , orU

BNC M ale-Male Ada pter (Out )

20dB G ain Prearnp Kit , 2GHz

- - - - -_ .- ---- - ----- - -

Radio Sha ck#

6 PC C I03B

6 PCTS JSS

Opt ional

6 P9 823

f) PS] i FBK

9 M A R-6

e 276- 1499

e PE40 14

e PE4 211

e PE9000

o WB A- 6

WBA-6 Kit:

o
Electronic Rainbow, Inc.

6254 La Pas Trai!

Indianapolis , IN 46268

(317) 291-7262; FAX: (317) 291 -7269

Electronic Parts and Supplies

6

DigiKey Corporation

701 Brooks Avenue South

Thief River Falls, MN 56701-0677

(800) 344-4539; FAX: (218) 681-3380

Hosfeit Electronics (Surplus Outlet;

270 0 Sunset Blvd

Steubenville , OH 43 952 -1158

(800) 524-6464; FAX: (614) 264-5 414

MAR-6 Monolithic Amplifier

e
Mini-Circuit Labs , Inc.

PO Box 350166

Brooklyn , NY 11235-0003

(800) 654 -7949; FAX: (417) 335-5945

Coaxial Connectors and Accessories

e
Pasterna k Enterprises

PO Box 16759

lrvlne, CA 92713

(714) 261-1920; FAX: (714) 261-7451

e

Radio Shack Stores (nearly all)



General Modifications: Tips. Hints. Kinks

between the center lugs of the BNC connectors so
as to minimize the lengths of the RF Input and
output leads.

The WBA-6 board was soldered along one of its
long edges to the inside surface foil of the
enclosure. The rig looks terrible because of the
soldering it took to "weld" the seams of the "box"
together, but the double shielding is total and the
preamp works fine . After the unit was tested, a
mating panel was soldered over the open side to
RF-seal the enclosure. A small hole drilled
through one end adrnits a wire for easy conneetion
of DC power.

A tab was soldered to the outside ground foil of
the box for the ground (-) power lug. For critical
needs, it is advisable that DC power to the preamp
box be shunted to ground by a capacitor to dump
outside AC interference that might have penetrated
into the line. Put that cap just inside the enclosure,
between the DC and ground. Any value from 470
pF to 1000 pF wil! be satisfactory.

In fact, a cap from the power supply feed to
ground is a good idea wherever that feed might
have picked up noise, and those locations will
vary from layout to layout. The objective is to
amplify only the signal.

The RF-OUT end of the box feeds scanners,
frequency counters, RF voltmeters, etc. The RF
IN side accepts a portable antenna or coaxial cable
from a remote antenna. Be sure to label the RF-IN
(antenna) side of the preamp so it can be
distinguished from the output side which connects
to the receiver, frequency counter, RF detector or
other equipment.

POWER

All that's left to do is conneet the (-) side of a 12V
power souree to the ground shell of the enelosure
and the (+) side to the wire that goes into the box.
Power requirements are about 16mA @ 12V.
Regulated DC is preferred for stable and quiet
operation, but a filtered 12V will be fine for most
cases. Batteries are very quiet: a 9V battery is
ample if you don't need maximum gain.

PSRFORIfANCE

So now, what can we expect from the WBA-6? A
lot, actually. 20dB is a multiplier of 100, lOdB is
a multiplier of 10, and each 3dB increment is a
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multiplier of 2. So 23dB gain multiplies signals by
200. 12dB multiplies by a factor of 16.

For math fans, the dB (decibel) is defined as ten
times the logarithm of the ratio of one level of
power to another. It's typically Power Out to
Power In, or:

r-;
dBcam= lüLoglo-

Pin

Voltage (E) and current (I) ratios are expressed as:

( Eout) (Jout)
dBcazn= lüLogo --. or --r.: t;

GAIN CONTROL

Most hobbyists won't care about the actual gain In

a given application, but there are times when
reduced gain is better than running full bore so
you should have some sort of control. For
instance, 23dB of gain at 250 MHz is likely to
cause overload and interference in a scanner, so
we need a methad of attenuation, or gain control.
In fact, most receivers cannot benefit by more than
about 10dB of gain.

Gain Con trol on the WBA-6 is possible by
varying the supply voltage. A range of 5-l3V
offers a good range of control. This is done by
grounding one end lug of a potentiometer with a
max resistance something near Ska, and feeding
the +12V supply lead to the other end lug of the
pot. Conneet the WBA-6's power feed line to the
center lug of the pot, and you're set.

Purists will use a variabie regulated power supply
instead of a potentiometer, and they're right. But
the WBA-6 will prove satisfactory for some
receivers, and is really useful for instrumentation.
I observed good performance above 760 MHz on
my PRO-2006, where it often made a difference
between hearing and not hearing.

If you like the WBA-6, then contact Electronic
Rainbow, Inc. for their catalog of other fine kits,
some of which can be combined with the WBA-6
for "tandem" or cascaded operation.

Electronic Rainbow, lnc. supplies other simple
and easy kits for amplification of stronger signals
like television, and for CATV distribution
systems, including satellite.
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Figure 3,12' WB.4-6 performance
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Figure 3·13: Wideband RF preamp schematic
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Figure 3-14: Wideband RF preamp, parts layout
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GENERAL PURPOSE RF
PREAMPLIF'ER - J·FET VERS'ON

Here's another preamplifier for general purposes
though it doesri't have the performance of the
WBA-6. This one is generic and not likely to he
good for more than 40-50 MHz, but it's easy. See
Figure 3-16.

If your construction techniques are goed, you
might be able to extract useful performance up to
100 MHz.

At the other end, this preamp wil! be useful close
to the audio range. sa it takes up where the WBA
6 leaves off at the lower end of the spectrum

If VHF performance is important to you, then use
chip-type components for all resistors and use
001 IlF chip capacitors in place of the specified
! ;uF caps. The 10 uf cap will do as shown
(tantalum) but you should use a decoupling
capacitor on the De power lead where it enters the
enelosure that houses this preamp.

As usual, vou'll want to mount this circuit inside a
shielded, metal enelosure as described in the
previous sectien on the WBA-6 preamp.

Variable zain can be achieved bv substitutinz a
series cor'Dbination of a 1000 fi~ed resistor and a
lH2 trimmer potentiometer in place of the lkn
resistor in the emitter of Q-2. Adjust the trimmer
for desired gain/results. AJlleads should be kept
short, and a printed circuit board is best for this
project. Power the preamp with regulated +5 V. If
vou're interested in 30 MHz and below, perf
board construction will be fine.

As with most homebrew preamps, this one is best
for instrumentation and less ideal for receivers,
but it will work for bath if you can accept modest
performance.

It' s especially suited for amplifying signals to be
sent to test instrumentation such as oscilloscopes,
RF voltmeters, frequency counters, etc. Little
more need be said here: just build it... and good
things will come.

Figure 3-16: General purpose preamp
+5v

10-uF

Ground

RF In

'-M~
1N4148

x2

Ground
I
I

4,
$= Optional ferrite bead slipped over

DRAIN lead extends frequency
response; stops oscillations.

I
0-2
c 2N918or

2N3904

+ ~out

I
1-uF

V" to buiid and, since it costs only èl buck or
two, can be considered free. I really dori't
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indicate Sgue lch Breaks in your receiver! See
MOD-31 in mv Vol-2 [o r all ea rlv version of this
circuit.

Anything from a pilot lamp to a warnin g light can
be called a status indicat or. The neat thing about
this one (and they're all simpie) is the dual color
feature rather than ju st a light that goes on or off.

Th is one goes red or green, yellow or blu e ,
whatever happens to be your preferenee to indicate
some kind of an off/on; safe/danger: go/no-go; or
yes /no status.

In that sense. my Status Indicator IS not idea l for
pure ON-OFF situations where you want na
current to be drawn when something is off.

lt would be zreat to indicate whether a doo r is
open or c1os~d : a liquid level is in the safe or
dangerous zone: or perhaps the status of your
receiver ' s squelch. Or the condition of almost
anything prope rly wired to it. And, it' s fun. In
Chapter 9 youl l Icam my defini tion of "fun."
Honestly. this project is really fun!

KEY PARTS

Another neat thing about rny Status Ind icator is
that it needs only one LED if you can find the two
lead, b i-color varie ty like Radio Shacks #276
012 . T hat s right . a single LED of the right type
can light at one or rhe ether of two cole rs. usually
red and green . depe nding on which way current
flows through it.

If you can 't locate a bi-color LED, just use two of
anv color vou Iike. wirecl in narallel. but cathode
to ~nodc a'nd anode to carhode. A 1 kQ res istor in
series with one siele (doesri't matter which)
co mp lete- thc dual col or status indicator sectie n.

Youl l necd a CMO S Hex Inverter ehip to drive
the LED unit. It' s almest as sirnple as wirin g the
LEDs rogether. as youl l .;et' in Figure 3- /7. Total
parts count can be as few :1:, five or as many as
seven i f youre Iereed 10 use t\VOLEDs .

You can use most any sort of Hex Inverte!'. I
suppose, but I prete r CM()S because such part s
draw only abour S mA fr .r this circu it. You could
almest breathe on it to make it work. There afe at
kast t'.vu rcudily ava ilabk C~,lCS Hex Buffers.
the i 4HCOJ. i n; ) L l'/ G,-;L: .: :U,.l rh t -1.049.

Tri\: };; tl t' 1" tyr e I;; f'_".md a j n : \ .'~ [ :.Elyw he:e , ...:xceni
R : ~d i c' Sh;iCk. ~ ü·! ;..ier -d1t? t'O n iJ \. \.'! ~~~ part nUlnb~rs '

CD--iQ49: NTE -4C:F' : Er..:.'c;.·,j·Y 9. :.tnd ;\tl \~ i 4(U :;
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SOURCES

Retail elec tronics supply houses usually stock the
NTE or EC G lines, either of which will work
fine. DigiKey and other national supp ly firms
carry National Semiconcluctor's CD-4049 or
Mot orola' s MC14ü49. I like the high-speed
CMOS 74HC series over the 4000 series because
of generally faster operation al lower cu rrents, but
for use as a Status Ind icator. who care s? Just get
whichever chip is handicst and lower in cost.

If and when you get into things digital. it makes
sense to focus your actlvi ties on one or two logic
families in orde r to avoid having to stock a parts
warehouse to meet basic needs . The 74HC and
4000 series of CMOS logic will meel a variety of
neeels without sending yo u to the poorhouse.

ASSEMBLY

Wiring is not at all critica!: jus t guard against
foo lish shorts, sol der g lobs, and errors .
Installation can be whcrever and however best
suits the neeels of your applicaiion. The circuit can
be instalIed in one location and the LED 111 another
with a pair of wires between. Or, the circuit and
LED can he rernotely instalied sornewhere with
but three wires feeel ing it frorn the main location.
For that scenario, you' I1 need a gro und wire. a
+5\1 power lead, anel one wire to carry the signal.

There are two important considerations for this
c ircuit, one of which is the power supp ly thats
specified to he a regulated +5V. routinely avuilablc
III almost all things electtonic nowadays. The
4049-senes. however is cap able of De power and
signal inputs as high as +1~V whi le the 74HC04
is limited to +S.5V max. De power and signal .

Piek your poi sen. Just oe sure 10 use the specifiecl
2.2 ~F capacitor as shown in Figure 3-f7 lo filter
any spikes and transicnts befere the y gct to thc
chip. The 100 pF capaci tor on the input is
optio nal. bu t might be usefui I:' the signa l souree is
to be any distance from the circu it.

Eliminare the 100 pF capaci tor if your application
is for a Log ic Probe . as disc ussed below

TRIGGERING TME CfRCUITRY'

Tbc seco nd (::; : t vcr)' :mpo r12I';[, cOlb ideratio;l for
this circujr ;:-.; ~ha t t ~_ -~ è ~ l g n a ~ i;'put i\:ll iS'[ bè
· l ' - 'Y) ' ~ . - - . - ; · .... ' ~ • • ~ -" ; l , -l , r . ~. ,. , :.... . , • . ' 1-.. • , . Ol . • , , l t ·-·o ....
; , } _l l J ~ · _' _ 'Il I ! ...\ " ._l", '1 \..·a l ! \ \J L h .. _:}~ \ \ .... l .:"J l l t)P'.\ \ UI d c:L

rUi higL" ;nputc; i,nel :1P:'l'\ ;X:m,w:.: i ) cq'.lal te
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Figure 3·1 7: Logic probe or stat us indicator

Note 1

Hex Inverter
CD-4D49

ECG-4D49
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+5·18v Log ic & DC
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Vss

Note 2
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L _ _ 12 :
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'7 round
L -'- L,,;V~ss~ ---J

,
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1OO- pF ! 1OO-K ~ '---- ----- --1

RS# 272-123 ' RS# 271-1347 •L- - - - - -- -

SIGNAL INPUT
Vdd = High >)-_~ ...

Ov =Low
(Can go higher than
Vdd with the 4049)

2. The 4049 Hex Inverter is more
easily obta ined than the 74HC04
and allows signa llevels higher
than the DC supply!

NOTES

1. Yau can use two different colored
LEDs wired as shown or a single
bi-color LED. "L" signifies the LED
that willlight when the INPUT is
"Low" whi le "H" shows the LED
that will light when the INPUT is
"High". A bi-color LED has two
leads; reverse the connections
to alter the color sequence.

RS# 272-1435

De Power (Vdd)
+5v -+18v

+55v max
tor74HC04

ground potential (OV) for "low" inputs. You
cannot , for example, power the circuit with +12V
and then use signal levels of 5V and OV .

The circuit will be confused over the 5V and
possibly not know how to act, or else it wil!
ignore it and think it is a low.

Generally speaking, signal levels must be within
about ± 10% of the power supply and ground
levels. In the case of a + 12V supply, the high
signal input wil! have to be around 11 V while the
low input will have to be less than IV .

Sumrnarizing, the signal logic has to be the same
level as your power supply and ground.

So if you ' re looking to display the status of SV
logic, use +SV power. etc.

Incidentally, this signal and DC power
consideration is pretty much universal for all
digital logic chips, especially in the CMOS
families .

Select your chips accord ingly: 4000-series for 5 to
15 velt s and 74HC series for 5 volts only. Only a
very few chips can mix logic levels and we'Il
point them out if we run across them. The 4049
chip can accept logic levels HIGHER than the
power supply voltage, unlike thc 74HC04 , so it' s
probably the better choice for routine applications.

LOGle PROBE?

This circuit can also be used as a Logic Probe...
of ihe sort that costs 520-40 ready-made. A logic
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probe is an indicator of logic levels . Commercial
models have overvoltage proteetion and some
fancy stuff that ' s seldom needed by the hobbyist.
A logic probe is great for quick and dirty checks to
see if a test point is "high" or "low."

There's nothing much to my own unit , and yours
can be just as fancy as you want it to be oStart
with the housing for the circuit. Radio Shack's
#61-2626 penlight flashlight makes a good probe
housing.

The mechanical part I'Il leave up to YOU. Ju st build
thi s circu it using the 4049 Hex Inverter (not thc
74HCa4! ) int o whatever vou want, with three
conductors for the outside world.

Obviously, the signal input should be a needle or
other pointed tip with wh ich to touch the signal
trace . The other two condu ctors sho uld be
alligator-cli p leads about 8- \a" lon g, one blac k for
ground and o ne red for (+) vo lts.

As with the Status Indicator , it is mandatory that
the Logic Probe be po wered with the sarne supply
voltage as the logic level you' re about to rneasure .
Most nowaday s are +5V, bu t some CB radios and
other rigs of the past used +8\1 and + ISV logic.

Therefore, you must determine your expected
logic level s in adv ance and be sure to con neet the
alligator clips to the proper points .

If yo u' re me asuring +8Y logic , it will have a +8V
power supply in it where you can attach the
aliigator clips. It' s the sa me for + 15V and +5 Y.

These are the only logic levels I know abo ut 
short of negative logic, w hich is not toa common
nowadays. T he Logic Probe wil! not handle
negative logic; strictly signals Ov to + 15V.

3.3 V logic is coming into vogue (he se days and I
think the Logic Probe will hand le it. espec ially
with a 74HCa4 chip , but beware : the 74HCa 4
cannot take more than +5'/ power or signal!

T he 4049 might ga g o n less than 5V, but yo u
co uld safely try it on 3.3V if there is a need - and
eventually, yo u wil! see one.

HOW tt: WORKS - CIRCUIT
\èjAI.KTHROUGH

Okay, for these who like a lin ie theory with the ir
breaktast. here ' s ho w thc c ircu it works. Say we
ha ve it po wered up wit h +5V De, but no signal at
the input.
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The GREEN or left LED in the schematic will be
lit. Here' s why: With no signaion Pin 3, the
lOOk resistor pulls the input to a Low or a-volts.
A Low passes through the buffer as a Low but
gets inverted to a High (+5V) at Pin 2. This High
is split two ways, one to Pin 5 and the other to
Pin 7.

Now we have to split our thinking. First , the High
at Pin 5 gets inverted to a Low at Pin 4 and is fed
to an Input at Pin 9 which is inverted to a High at
Pin 10.

This Pin 10 H igh is fed to the top of the two
LEDs, so we'Il see +5V on the anode of the "L"
LED and on the cathode of the "H" LED. Now
let's go back to the split from Pin 2 anclevaluate
the other half of the action.

The High at Pin 2 also feeds af! Input at Pin 7 to
be inv erted to a Low Ou tput at Pin 6. This Low is
fed to the bottom of the LEDs th rough the 1k
resi stor.

Thus there is a low (Ov) on the cath ode of the "L"
LED and on the anode of the "H" LED. Simple
enough . Now, do you see that +5V on the cathode
of the "H" LED and the av on the anocie of the
"H" LED?

Sure enough, that is a reverse- bias co nd ition and
the "H" LED cannot co nduc t, therefore it will not
be lil. But look at the "L" LED ! +5V on the anode
and av on the cath od e is a forward bias condition
and therefore the LED will light!

[f you sel ect a GREEN LED to indicate Low, then
thats wha t you' Il see: Green!

Now suppose +5V is on the Signal Input at Pin 3?
That h igh becomes a Low at Pin 2 which feeds
Lows to Pins 5 and 7. The outputs of those
sections are inverted to H ighs at Pin s 4 and 6. The
H igh at Pin 6 is fed through the 1k resistor to the
cathode of the "L" and anode of the "H" LEDs.

MeanwhiJe, the Hi gh at Pin 4 feeds to Pin 9 to be
inverred to a Low at Pin 10 and thereby feeds the
anode of the "L" LED and the cathode of the "H"
LED.

The "L" LED cannot light because it is reverse
biased, but the "H" LED certainly wi l! iight,
thanks to its for ward bias!

The six th Inverter sect ion at Pins 14 and 15 is not
use d, so we tie its input to +5 V so that it wil! not
osc il late and cause probl e rns.
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Unused inputs of all CMOS circu its must be tied
cither Low or High and not allowed to float!
Unused outputs of CMOS circuit s should be left
tloating , as shown .

The Ik resistor is a required current limiter for the
LED s. Most LEDs wil1 burn out when current
exceeds abo ut 25-35 mA.

The brightness of an LED does not appreciably
change as its CUITent is varied, unlike incandescent
Jamps, so it makes sense to limit the current to a
very safe value, not only for the LED, but also for
the chip that has to produce that current.

The 2.21lF capacitor c1eans up any noise on the
De power feed while the IOOpF capacitor cleans
noise from the signalline in cases where you have
to use a long signal conductor.

Enjoy the circuit as both a practical application and
a great training-aid!

Cheek3
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SUMMARY and CONCLUSION

I could go on and on with the helpful little circuits,
techniques, tips . hints and kinks, but pretty soo n
there would be no room left for modificati ons. I
suppose wed better he moving on .

If this sort of project (the backside of scanner
hack ing) interests you as much as it does me. then
check out the World Scanner Report, which
regularly co vers even the black magie aspects of
hacking.

Now you need to muster up a proper measure of
Patience, Attitude, and Inte stinal Fortitude. Gather
the right tools and material s and let's go!

We're moving from the sandbox...

to the beach.

r



MEMORY MOOS

Increasing a scanner's programmabie and storable
memory is one of the more popular modifications
to come down Hacker Highway. Unfortunately,
there is no hope of extending the memory of most
scanners.

Three general types of programmabie memory are
used by modern scanners. The most common is
on-board RAM integrated with the CPU function
in a single chip. This kind cannot be modified,
and it includes about 90% of all scanners. Next,
and the most easily modified for extended
memory, are those dozen or so scanners that have
a separate outboard static RAM chip (SRAM) to
hold the channel and frequency programming.
Less common, but definitely modifiable, are a few
scanners using EEPROM (Electronically-Erasable
Programmabie Read-Only Memory). Let's take a
closer look at each of the three sorts of memory.

'NTEGRATEDWITH·THECPU
Modern scanners are controlled bv a rnultifunction
microcomputer chip called a Central Processor
Unit (CPU), which is really a sort of computer.
lts primary function, of course, is to operate the

scanner according to a "plan" or program. This
program is better called "firmware" and can be
burned into read-only-memory (ROM) that's
integrated (combined) with the computing
function. The communication path between the
memory (that contains the program) and the CPU
that executes it, is etched into the silicon iself,
which is encapsulated in the package of the IC. In
integrated units, such firmware is not alterabIe nor
accessible from the "outside."

Such highly integrated chips (CPU plus memory
functions, at least) are expensive to bring to
production, but cheap to make. It ean cost more
than $400,000 to design and lay out such a chip,
but only a few dollars eaeh to produce.

Short of replacing the CPU with one containing
your own program (fat chance') there is no hope
of altering any scanner function that is exclusively
controlled by the instruetions sent from integrated
memory to the CPU. That' s because the path
between those two parts of the chip is internal,
and can not be accessed Because it' s less
expensive te make and mount one chip rathe r than
two, thi s type of (:PU reduces cost, bath to buy
and in the assembly process. That's why they're
in such common use,
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Most CPU's also contam the LCD Display Driver
tunetion . which translate co mputer instructions
inro charactc rs we read on the display. Sa me
exceptions occ ur in the PRO-2004/5!6 ser ies that
uses a separate LCD dr iver.

This is of no consequence to hacking in the past,
but it affects the Ultimate Scanners of the future
because the CE·232 Scann er/ Computer Inte lface
captures and makes use of the data that tlo ws from
the CPU to the LCD Display Driver in the PRO
2004/5/6, to perform some very powerful
funct ion s not possible with scanners using highly
integrated parts.

Again, that' s because the path be twe en the CP U
(computer) and the LCD driver consists of sub
micron traces of CMOS circuitry . We just cannot
get to it because its buried within the chip.

Another cornmon feature provided by man y chips,
including highly integratecl ones, is pro grammabie
memory. Mo st CPUs hold a sm al! am ount of
RAM (Random Acce ss Memory ), sufficient to
store anywhere from ten to a hundred chann els or
sa, but again there is na way to break the path
between the functi ons (memory and processing) to
add our own circuitry. This is true for most
scanners, and on those there is na wa y to increase
memory.

Fortunatel y, two other memory technologie s. used
by a few scanners, do offer possibilities for
expansion.

EEPROM
EEPROM is the least common of the accessible
memory technologies.

The PRO-43. BC-2500XLT, BC-200XLT, and
BC-I OOXLT use EEPROM.lt is possible to
expand the capaci ty of EEPROrv1-based sys terns ,
though not by such huge proport ions as the
SRAlv1 type. Sec the moel at the end of th is sec tien
(on the PRO-43) for how to extend EE PROM
memory.

SRAM
A handtu l of scanners use a sepa rate SR r\ \1
tS tatic RA.M ) chip for sto rage of frequencie; and
custom channe: ,-:cttings !t is this .type of t : ! l~ ~:or)

that can be ea,,] :} and ccon ormcal1\ ç\r:-. ~ ; ;dc: G l'>
facror-. c f 2._.1 :~ 16. ::nd ever: 6,4 t i rr:c.-":, .hc

Cheek?: The Ulti rnat e Scanner
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Scanners that employ accessihle SRA_M memory
include (at least) those in the following list.

Radio Shack Uniden
PRO·32 BC·S90XLT
PRO-34 BC-600XLT
PRO-37 BC-760XLT
PRO·39 BC-9S0XLT
PRO-2004
PRO-200S
PRO-2006
PRO-2021
PRO-2022
PRO-2032
PRO·203S

There ma y well be other scanners that use SRAM
- if you knowaf one. be sure to pass on thc
information to me and your fellow hobbyi sts. If
you 're curious about your scanner' s potential for
memory expansion , you can j ust about forge t it
for tho se with few er than 100 ch annels.

The CPU's RAM easilv handles \0 to 80 channels
or so. If your scanner (s not on the above list, but
has \00 or more channels, then look over its
schematic diagram and parts list, or sc rutinize its
Logic/CPU Board for any of the foll owing
markings on schematic s. parts lisrs, or the
phy sical chips thernselves:

uPD446G-lS
TC-SS17CF-20
LC-3517BM-15
CXK5864BP
MB-8416-20LPF

...or anything simi lar. You can usually disregare
the jast few dia its and characters, wh ich aften
refer to manuf; cturer (for custom chips) or lot
numbers. Rernember, so rne manufacturers make
sca nners for more than one label, but when we ge l
into the gu ts the pan number tell s the story.

SR AM chips that appear in sca nne rs are genera lly
cha rac terized by a rectangular shar e, with 24 or
ITlO ï C pins, and half the rins w ill appear on each of
the longest sidc - (none at the cnds ).

SR.\ I\l chip" in ,1 schematic .iiagram ca n he
tentative lv iden tificd Lw ] ~ or more of {hei r pins

"ng straight to rJ": EC:'PL) chip



Memory Mods

SRAMs are generally rectangular with 24 to 32
pins. Pinout notation of SRAM chips will include
mystic codes such as:

AO, Al...A9, etc.
RIW
CE
101, 102...108, etc.
OE

If your scanner uses SRAM, then it' s a prime
candidate for a magnificent expansion of its
memory. The following procedures are the latest,
best, and greatest for SRAM Extended Memories.

EXTENDED MEMORY THE EASY WAY
(16 Blocks)

6,400 channels for the PRO-2004/S/6

3,200 channels for the PRO-202112022/2032 and
PRO-39/37/34/32

1,600 channels for the BC.760/950XLT,
BC·590/600XLT, and R·1600

NOTli: this first section deals with the smaller 16
Block Extended Memory. Read it, but review the
larger 64-Block Extended Memory befare making
up your mind which way to go.

HOWMUCH.·.MEMORY?
Years ago, a scanner with ANY memory was a
marvel, but now 50-400 channels is aJmost
boring. Even 1,000 channels isn't all that great,
with computer interfacing having come of age.
And remember, the Ultimate Scanner is always
umbilically attached to its computer. ..

My Vol 1 & 2 introduced potent paths to 6,400
channels in the PRü-2oo4/5/6; 3,200 channels in
the PRO-39/37/34/32, PRO-20211202212032 and
1,600 in the BC-760/950XLT, BC-590/600XLT,
and R-1600. Bunches!

Since those books were published, I have refined
these techniques for extended memories of
25,600, 12,800, and 6,400 channels.
respectively. Obviously, one could stuff all the
communications of a sizable municipality into
such a unit.

Surprisingly, sorne people are cornfortable with
the smaller versions, sa I will present the latest
techniques for both and you can make up yam
own mine! which way to go.
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Casts ofmy original MüD-16, 19,37, and 51
Extended Memories were modest, sa the major
investment was labor. These versions of Extended
Memory called for the large DIP style of SRAM
chip which had to be built on a perf board and
wired to the pads where the old SRAM was
pulled. Lots of work with 24 wires, but still,
following my instructions, thousands of hobbyists
extended their scanner limited memory!

I If you want the gory details of these older mods,
refer to back issues of the World Scanner Report,
and my books, for MODs 16,19,37, and 51.

My latest procedures and techniques wiJl skimp on
verbiage and offer mostly the hard core info. It
should suffice for most hobbyists, but snag the
above references if you want to go with this, but
need highly detailed instructions.

Theres now a way to reduce the labor (and real
estate volume) of Extended Memory mods by
50% or more. Now we can do away with the
separate board and 24 gosh-awful wires that were
required for the "huge" DIP statie RAM chips.

Thanks to better availability of surface mount
memory chips, we just remave the scanner' s stock
memory chip and replace it, almost pin-for-pin,
with a new and larger one!

Make a couple of trace cuts on the scanner' s
printed circuit board; add a jumper or two; and
route several wires out to external switches for
25,600, 12,800,6,400,3,200 or 1,600
programmab1e channels, and you'll be the first on
your Block to have an Anti-Alzheimer's Scanner,
And the new memory will be very efficiently
organized!

First, we'll discuss the fundamentals for the basic
16-Block Memory Expansion. Details of the huge
64-Block Expansion will follow later.

OPPORTUNITy·.oriTURNIP?
Most expandable scanners use a 16k (2k x 8)
surface-mount SRAM chip. See Table 4-1 to
identify your scanner, hopefully as one that can
benefit from Extended Memory.

These are the only ones to my knowledge that use
this SRAM, and which qualify for this memory
hack. When vou 1earn of others, please pass on. -
the inforrnation.
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Table 4-1 : Stock SRA.Af ide ntific ation
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Scan n er Circu it Sym bol Stock SRA J f Part #

PRO-2004 l C-s04 TC55 17CF-20 or ilPD446G-45

PR O- 200 5 IC-SOS LC35 17Brvl-15 or any of above

PR O-200G IC-S OS LC35 17BM -15 or any of above

PRO-2032 Probably IC-2 . , '" . Prohably any of the above

PRO-2022 IC-6 Any of the above

PRO-202!. IC-I 2 Any ofthe above

PRO-39 IC-2 Any ofthe above

PRO-37 IC-2 Any of the above

PRO-34 IC-2 Any of the above

PRO-32 , lC-2 Any of the above

BC-7 60/950XL T IC-1 3 MB841 6-20LPF

BC-590/600XLT Prob ably IC-1 3 Probably MB 84I 6-20LPF

R-1600 Probably IC-I3 Probably MB841 6-20LPF

PRO-20 3S IC-Sü2 CXK5864CM or LC 3664BML

(This is an 8k x 8 SRAM)

Once you' ve identified your scanner 's memory
chip , you'll want to acquire the upgrade
replacement, a 32k x 8 SRAM (256k) in surface
mount technology (SMT) style.

A generic part number is: 62256LFP12.

MOSEL makes MS 622S6L- IOFC, Motorola ' s is
MCM60L256AFlO, and NEC' s version is
uPD43256AGU-I2LL.

The last two digits in these part numbers, a code
for the speed of the chip, are not toa important.
Anything resembling -10 , - 12, or - 15 is fine with
the larger numbers indicating slower speeds and,
therefore. lower pri ce s.

Hitachi , Sarn sung, NEC, Toshiba, and others
produce these chips, so instead of using an exact
part number , j ust teil your supplier that you want

"i..a 256k statie RAM, low power, flat
pack, surface-mount, organized as 32k X
8 bits, witlt 28 pins"

.v.aad you rnight rece ive the correct part.

Offer the above part numbers if you need a cross
reference. The ncx t sect ie n provides detai ls on
larger 128k X 8 Extended Memo ry chips.

If you draw a blank trying to find these parts,
drop me a line on rny BBS and 1'11 try to help .

Besides this SRAM chip, you' ll need four
switches as simple as SPST toggle types, or
maybe a 4-segment DIP sw itch, or even a BCD
encoded switch.

If you are green on switches , then stick with
toggle or DIP switches to access the extended
memory Blocks.

You can also use my KeyBoard Memory Block
Controller (K~'fBC) , MODs 28 or 28a, as featured
in Vol-2 of rny SMH and in back issues of the
World Scanner Report. Th is artiele will show the
DIP switch rnethod since the KMBC hasn't
changed.

Before you go off half- cocked, please understand
that extending the memory of your scanner is
a/most as simple as rernov ing the stoc k SRAM
chip and installin g the new one.

Almost.

The stock chip has 24 pins, but the new one has
28 pins, This adds on ly a slight cornplication,
dopending on your scanner . Fo r instance , the



PRO-200S and PRO-2ü06 already have 28-pin
nads right where the stock 24-pin chir:: wiJl be
removed - four pads are unused! ThlS. m~ke.s the
job a breeze. For most other scanners, including
the PRO-2004, vou ' IJ have to bend up four pms,
(1,2,27 and 28) of the ne~ c~ip ~nd salder the
rcmaining 24 pms to the existmg .::4 pads.

Please note that most scanners will require minor
trace cuts, a short jumper or two, several wires
[rom the area ofthe new chip to run out to the jour
switches and jour lOOk resistors.

Figure 4-1: Memory augmentation
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It's NOT a one-step task, and it's NOT a snap, 50

(as 1cautioned vou earlier) plan ahead.. . .

Review the instructions before starting, and make
sure you have everything you n.eed. By the way,
dori't let the detail in Figure 4-1 worry you - the
worst part will be getting yam scanner torn down
and the old chip removed.

Lets get to work.

NO TE: The PRO-2035 Extended Memory is
covered separately later.

100-k ea

A

Speed diode

Not used -- __

Celiu!ardiode

Notused

NOTE

This drawing is for the
PRO-200S/6 but all
other scanners will be
similar. Sea text.

D E
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Ren.ove the front D:U;.C; f~ {.' ; : ·~ ~-'j ;:..~ t)('n". f) f tne

:'~~\i~~ ~~~~1;,; ,~; ;~t rJ,~~;,:, : ~ " :~~ '~, ,~':' : ;\;~,: :;;:,.1;,.,,:-",,;, ' :" J ; ~ : ,-~
covercri lil thc l \ ?o r /{ j S , :n ~ i ;, ! {n ; i,clJ; ;"; ~ t : -~ d p1 S:i\ll-j
\-/01--2. Desolder anci rcrr! \.) \ · ~' -~~" . '~ ;_~ ~ ;~\]i l . . : ~ ; ~_ i.~- t ~

shicld th,lt ( !)V C;~ ~ rhe DJck ~~ ~ <i < ' :,'\;-:.:<-... :<-r ~r d .

Locare anc rem ove fC--) !)5 ,

Otherwise. ;, goud her is te f ir:;1 "nip (:.., ch pin unril
th J ' , 1 - p . ' . , , ,. 1

e CJ:ll P C t~rrl : ~ i ()C! ~è . 1 fI~ n (a~'ë I U J ! y oes o roer tnc
CUI' p H1 ends trom t n ~: _paG ~\ anci c lean al ] Sf)

they are brighr and shiny.

Desoldering wiek and a very thi n-tipped low
power soldering pencil are rn anda tory ' Be very
careful - toa hot an iron, or toa mu ch time applied
to the board. may LIFT the sa lder pads from the
circuit board, and that requires major surgery to
repair.

ARE ' )iYC),U~TI.!J'B()RN " ENC),UGHTO
WJ.l'ijT'{'THEORIGINAL PART?
If you 're handy with desoldering techniques , and
have some need for the old part, you can try to
remove that chip without destroying it.

If you wish to remave the original SRAM intact, it
can be done, but there is a risk of damaging traces
and pin pads on the board. I have pulled hundreds
of them, and still occasionally damage a pad or
two. My method employs repeated applications of
desoldering wiek to first draw off all the excess
solder from the pins and pads of the SRAM.

It takes repeated applications of the desoldering
wiek to remave all possible salder, and even then
most pins will remain tightly stuck to the pads.
When the pins and pads are as solder-free as
possible, I slip a sewing needie under a row of
pins while gently lifting up at one end.

I touch the soldering pencil 's tip to the first pin
pad closest to the raised end of the needie, and if
all is weIl, that pin will "pop" loose.

Then I slip the needie in a little further, and in the
same motion, I move the soldering tip back to the
next pin where it will "pop" free ... on to the 3rd
pin ... 4th ... etc ., until one side is free.

The process is repeated for the other side. This
procedure hardly ever goes smoothly, but it does
work aftel' a fashion. I am less fearful of it
because I know how to repair damaged traces and
pads . Do you?

CIIRCUl7'BOARD SURGE,tlly

Solde r a Jumper wire (+5V feed) h om new OW] 28
to an exposed solder poin t on the unbroken panof
the trace that was cut to isolate old pad 24. A
perfect spot is one of the component solder pads
for the trace that connects CSII, RS25, and C513.
Skip ahead to ALL SCANNERS.

PRO~2004&>$IMlt4R.SCANNERS

Locate and remave the stock SRAM chip. Specific
instructions are minimal for these scanners
because they are older andJor the mechanical
information has been published in back issues of
the WSR andJor in my books. Refer to the chip
remaval guidelines given above for the
PRO-20üSI6.

Aftel' the old chip has been removed, cut the
appropriate circuit traces sa that old pads 21 and
24 are completely isolated on the circuit board.
Continue just below in ALL SCANNERS.

AL:t·.····SCANNERS
Lay the new chip on the old pads so its pins line
up with the pads beneath them. If your scanner
does not have previously unused pads for new
pins 1, 2, 27, and 28 (and most won 't), then
carefully bend those pins on the chip up so they
protrude straight out from the sides of the chip .

The PRO-200S16 has 28 pads.

All the rest, including the PRO-2004, have 24
pads . Hence, pins I, 2, 27 , and 28 of the new
chip won't have any mating pads and therefore
must be bent up sa that wires can later be soldered
to these pins .

Pin #14 ofthe new chip goes to pad #12 ofthe old
chip. Likewise, pad 13 for the old chip gets pin IS
of the new chip. Position the new chip sa that
perfect pin alignment is achieved.
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These four pins must not touc h anything : Salder
one end-corne r pin of the new chip ( 14 or 15) to
its pad .

Ensure that alignment tem ains correct. adju st if
necessary . and then sa lder a diagonally opposite
pin to its pad - that will hold all rem airr ing pins in
position.. Inspeet the ch ip carefu lly. looking at
cvery plll.

If all is weIl anc! alignment is perfect. solder the
remairring pins to their respcct ive pads.

WIRING and SWITCHES

Solder suitable lenzth wire s to each of the new
pads ipins I, 2, 14,~23 , and 26, and route these 5
wires out to where the Block Selector switches
will be located. Wire the switches and resistors as
shown in Figure 4- 1. Ob serve that one side of all
switches are wired together, and then fed from a
so uree of regulated +5V.

Avoid using the CPU +5V supp ly if you can .
Instcad. run the wire to a +5V souree for the
receiver. If not feas ib le , then go ahead and use the
CPU' s +5V souree . but ensure that it rernains
very close to +5V des pite the additiona l load. If it
doesn ' t , find or ma ke another souree.

Ir vou us e DIP sw itc hes. ins tall so rncwhere on the
scan ner a <tandard iC-DIP soc ket to match the pin
rcqu irements of the DIP -w itch. to a!low your DIP
'~ \\' i t f" 11 1 C' h ,o. g- uicklv D'I" ( 1 ''' ' (I in and put Several" . l.. .... '_ , ' ~ J "" l\. . r '- t. _ _ \.. . ~ . , . ...

spare DJP swi tches'ca:: r)(~ kcpt hand v, preset to
your preterred Memory Blocks ' DIP switches
allow a tidy and COmp;1C( installanen.

These sw itches are tinv, and can be installed 10

cramped spaces . Then; fore, it ma) make xense to
install a la ger switch Block than requircd by your
irnmediate needs.

For instanee . our l ó-Block Extended Memory
requires 4 switches. but why not instal l an 8
switch DIP Block and use the spare 4 switches for
orher mod s and hacks later?

Thi nk abo ut it. ..

NOTE FORSCANNERS OTHER THAN
THE PRO·2005 & '2 006

Solder a jumper or hookup wire from the elevated
!lew pin 28 to a solder joint on the tracé that was
cut away from old pin 24 , Solder ajumper wire
from the elevated new pin 27 to a solder joint on
the trace that was cut away from old pin 2 1.

OPERATION

Thi s variatio n of the Extended Memory Mod will
yielc! 16 Blocks of ordinary channels, eac h Block
programmable with the sa me number of channels
the scanner had before the project began.

The PRO-2004/5/6 will have 16 Blocks of 400
channels each, for 6,400 channels; the
BC760/950i590/600 XLT wi ll have 1,600
chan nels and the others will have 3,200 channels.

BANKS FOR THE MEMORIES

You may never use all this memory , but quan tity
is NOT the main idea here! Instead, it' s to gain the
six teen Bleeks of 400, 200, or 100 channels eac h,
which essentially gives you 16 identical scanners
all lined up in a row, indiv idually programmable,
and with one at a time available for use.

The Block concept is an ciaboration of the Bank
concent. hut which allows UD tG 16 diffe rent
corupkte Dlosrams 1'01' \ ourscanner. You cm
ded ic.itc one Biock to railroads. anorhcr In
av iati on , ethers sti ll for military. rnedical ,
eru e. aencv, and several for scratch and messing
arou/;cL bLIt save a couple for the real ser ieus ~
stu ff. In e ther words, an Exte nded Memory
allows grcate r flexibi lity in setting up a scanner to
do the things you want it to do !

You 're not obligated to use al! 1,600-to-6,400
channels, but you wi ll find irnmediate uses for the
16 Blocks !

And Figure 4-2 shows how those Blocks are
accessec!:
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Ta ble 4-2: Programm in g 16-Block identifi ers
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S \\'#4 5 W #3 S \\'# 2 S \\' # 1
BLOCK 10 \ 'IEM BINAR Y
IN CH-I BLOCK# EQUIV

OFF

OFF

OFF

OFF

ON

ON

OFF

ON

\002.000

IOUJ .OOO

02

03

00 10

OOl l

OFF

OFF

ON

ON
ON
ON

OFF

ON

\006.000

1 00 ~. 000

06

07

0\1 0

0111

ON

ON

OFF

OFF

ON

ON

OFF

ON

10lQ.000

IOU.OOO

10

I I

1010

1011

ON

ON

ON

ON
ON

ON

OFF

ON
1014.000

IOU,.OOO

14

IS

1110

III I

~(::t,!~tJH"",':i$'l:"'E"'~ ·.··.ij"+x····
The 4 switches yield 16 combinations of settings,
from all OFF to all ON. Each combination
activates one Block of original programmabIe
channels. When you change Blocks, one is
switched out and another switched in.

The actual scheme is binary and might not be
familiar to all scannists, but it is the easiest
counting system of them all; simpier than the
decimal systern! It 's especially easy if you 've
never learned to count by ten, or never looked
down at your fingers .

If you are uncomfortable with the binary counting
system, it will help to program a coded frequency
into Channel I of each Block for a quick reference
to which Block you 're in at any time . If we refer
to all switches OFF as the "home Block, " then a
frequency in Ch-I such as I000.000 will clue you
to Block 00 while a frequency of 101.5.000
programrned into Ch-I of the Block with all
switches ON will clue you to Block IS.

Refer to Table 4-2 for the pattern and program
C!ues. If your scanner won't accept 1000MHz.
then use something else, like 900.000 to
915.000, or SO 0.000 to SU,.OOO.

:.""'~";:$ir~.t~fI~p.imtÎi;ji;:;imt~:mmii~·,i;m:iii .........••...,.;:.•••. .......:!:!••;:
Some scanners, such as the PRO-2004/S16, will
not only store all those frequencies in the SRAM,
but also custom settings of MODE, DELAY, and
LOCKOUT. Other scanners may store only
frequencies in the SRAM chip and custom channel
data in the CPU's RAM.
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In that case, a LOCKOUT and/or DELAY set to
one channel in a certain Block will LockOut or
Delay that same channel in all Blocks. Sorry,
that' s a function of the scanner's CP U and
firrnware and can' t be helped.

With exception of Priority Channel and selected
Scan Banks, the PRO- 2oo4/5/6 are exempt from
this limit ation because the SRAM stores all
pertinent channel data .

GAR8AGE =NOISE

After this rnod is fini shed and you fire up the
scanner for the first time , there is likely to be a
bunch of strange frequencies seemingly
programmed into the channels.

Don't believe what you see because this is "noise"
that was present in the chip when it was first fired
up . Be sure to do a Restart or Master Clear befere
doin g any programming. For the PRO-2004/5/6 ,
this involves pressing the RESTART button on
the rear chassis.

Press the little button inside the batte ry
compartment for the PRO-34 and PRO-37. On the
PRO-2021 and 2022, the Uniden radios, and
everythin g else, do a Master Clear or Restart
before do ing any programming.

WHAT IF 16 MEMORYBLOCKS
AREN'T<ENOUGH?

Some people would call you erazier than an
outhouse mou se if you couldn' t "make do" with
1,600 to 6,400 cha nne ls, Weil , if yo u are using a
co mputer, those channel s can fiJI quickl y 
particularly if you've bought one ofthe reall y
large FCC databases.

I ran out of breathing room with in weeks after I
did the basic mem ory mod on my old PRO-2004
and PRO-34.

It wasn 't a shortage of channels as much as the 16
Blocks ran short when I allocated one for general
operations, one for emergencies and disasters:
severa l for federal gove mme nt; four or five for
business and industrial : a co upIe for mi litary ; one
each for aviati on, railroads, space. medical and
state, a couple for local governments , and a co uple
for scratch .ljust got started and hit a dead end!
Kind of like running ou t of channels. ®

But there' s a fix for that...
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I went back to the parts books and located a
memory SRAM that 's four times larger than the
16 Block 32k x 8 SRAM. A/wh! 64 Blocks was
my ticket! Never mind the 25,600 channels it
yielded; heil , T'd never use THAT many.

But then came the HB-232 and CE-232 Computer
Interfaces to do all the finger punch ing for me .
Now, there is NO REASON not to be a channel
hog! I don't have to work to stuff a few thous and
channels, sa why not stuff' em? My computer can
work harder than I can !

Whatever your situation, 6,400 channels and 16
Blocks might not be enough for your needs, sa
the next step up involves labor sirnilar to that
described for 1600-6400 channels above , and a
new part . Several compatible 128k x 8 ( l Mb)
SRAMs are available, and the procedure for
installing it in your scanner doesn 't change.

The result will be an astounding 64-Blocks times
the standard base number of channels in your
scanner, or 25,600 for the PRO-2004/5/6; 6,400
channels for the BC-760/950XLT and
BC590/600XLT; and 12,800 channels for the
other scanners on the list ! Again , it' s the 64
Blocks that' s the primary adv antage here.

I'm surc there are a number of manufacturers of
the 128k x 8 SRAM, but the one 1 use is the
Samsun g KM681 OOOLG-S.

Again, the last digit or two are speed indic ators
and are not important for scanner memory
applications. Any speed will do. I am told that one
reliable supplier of these SRAM chips is Vantagc
Electron ics at (20 1) 777-4100. Another is Time
Electronics, (800) 772-8638. You can also try
Act ive Electronics at (800) 343 -0874. Other
possible sourees include DigiKey, JameCo, and
Mauser Electronics.

If you strike out, contact me on my BBS.

ADAPTING·..THE ...CHIPS:

The 128k x 8 SRAM has 32 pin s, and installs
pretty much like the 28 pin 32k x 8 SRAM.

In the case of the PRO-2005/6, there will be na
place to solder pins 1, 2, 31, and 32 because of
overhang; and for all other scanners, eight pins I ,
2, 3, 4 , 29 , 30, 3 1, and 32 will have to overh ang
the norrnal installation area. Therefore most of
these overhang pins mu st be elevated for
indiv idua l conneetion to wires .
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Can ' t be helped, bu t fo rtu na te ly , these pins wiII
g~ out to the switch block and requi re hookup
wires anyway.

Pin #1 is NOT USED in the 128k chip, per iod.

You can cut it off, if it bothe rs you. Otherw ise ,
there is almost no differen ce between the 128k X 8
and 32k X 8 SRAMs. The 128k X 8 SRAM is
lon ge r and slight ly w ider than the 32 k X 8 and
stock SRAMs. A s it comes out of the package , the
" foo tprint" of the ch ip is too wide to so lder down
on the stock SRAM pads, but not to worry! There
w ill be a perfect mate w ith the PCB pads if the
"fee t" of the SRAM pins are bent straight down
like the pins of a "no rrnal" DIP chi p. These pin
feet can be properly bent out flat in a smaII vise ,
one side at a time, o r w ith a pair o f "duckbill"
plie rs w ith smooth and straight j aw s. Lacking
these tools, bend a few fee t at a time down straight
using a regu lar pair of pliers.

D O NOT ben d j us t one pin foot at a time. DO
NOT bend down pin feet l , 2 , 3 1, and 32 and if
yo ur scanner is not a PRO-2ooS/6, then don"t
bend pin feet 1-4 and 29-32, since the se pin s have

to be out straight or slightly elevated above the
bod y of the chip anyway.

Figure 4-2 shows the function al pinouts for four
SRAM ch ips , including stock SRAMs that co me
with the scanne rs . A cas ua l study of the se chips
reveals that almost all pin fun ct ion s are in the sa me
re lative positi on s. If you superimpos ed the four
chips, ali gned at the bottoms, you w iII note near
perfect corre latio ns .

Relative to the stock 2k X 8 SRAM, the 32k X 8
version has 4 more address lines, All-AI4. The
l28k X 8 SRAM has six more address lines than
the stock SRAM, A I1-A 16; plus one additiona l
Chip Enable fun ct ion (CE2 at pin 30 ) and one
unuscd pin, # 1.

Th e same PCB work (pad isol ation and jumpers)
mu st be do ne for thi s 64-Block version as the 16
Bl ock one, regardless of scanner. Figure 4-3 wi ll
gu ide you .

If there remains any doubt on wha t to do after
reading thi s , refer to the World Sca nne r Report
Vol I #8 and Vol 3 #4.

Figure 4-2: Statie RAM pin and pad eomparison

128k X 8
KM681000LG-8

32k X 8
MS62256L-10FC

- --- Upgrade Chips
64-Blacks

16-Slocks PRO-2035
1 n/e • +5. Vee 32 , ,
2 A16 AIS 31 , ,
3 AI4 CE2 30 '.'.','

4 A12 WE 29 .
s 'A"7 " .... ···· Ä1.f i B , .
6 A6 AB 27
-., 'Ä.5 ..," ,. À926

8 A4 All 25 ,.,.,.,
i/A3 " ' OE 2~ ·.l "

10 A2 AIO 23
liA l ' rn 22
12 AO I/OB 21 ::J

C 13 1/01 "' 1/0 7 20 ::.-:J

141/02 1/06 19
1.5 1/03 " ' 1/0 5 1B
16 Ground 1/04 17 __ J

t6-Blacks
(4-Blocks PRO-2035)

1 A14

2 A12
3 A7
.. A6
SAS
6 A4
7 A3
B A2
9 Àl

r; 10 AO
..~ 11 1/01

r.: 12 1/02
r: 13 1/03

- c: 14 Ground

i
------~

8kx 8
CXK5864CM-12LL

i 1 n/ e •

2 A12
JA?
4 A6
SAS
6 A4
7 A3
B A2

9 A l=10 AO
C 11 1/0 1"
C 121/02
" 131/03
L . 1" Ground

+5. Vee
AB 23
A9 ' 22

WE 2 1
OE 20

AIO 19
<:EIB ."",.

I/OB 17 J

1/07 16 ':';
1/06 15 ::::J
I/OS 14 ....

I/OA 13 ::::J

-~, Stock Chips
PRO-2004/5/6

PRO-2021/2022/2032
PRO-39/37/34/32

BC-760/950/590/600XLT
R-1600......-~ ,---.,

,_ 1 A7·

2 A6
,--, 3 AS
I 4 A4

5 A3
~, 6 A2
i__ 7 AI

8 AO
C 9 I/O l
:: 10 1/0 2i=11 1/03
. , 12 Ground

2kx 8
CXK5816M-15L LC3511BML· l 5
TC5517CFL·2ü MB8416·2üLPF

LEGEND
_ Pads for these pins on stock chip s will have fo be isolc ted to account lor differences in replacement chips.

=-= = Pads and pins lor these chips a re compatible and wil! not reuuire any modifical ion or ollero tion .

c.':;:; = These pins on repla cement chips may requi re special treolm enf, dependi ng on specifie scanner. See tex!.

CO MM EN1S: The PRO-2ü35's 8b8 SRAM con be used as 0 4-Block Upgrode lor ether scanners, but why bother?

The dotted lines make it eosier lor the eye fo lollow pin-l or-p in comparisons of the lour chips.
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Figure 4-3: High capacity SRAM wiring diagram

... B
1OO·k ea

~. D

.G
...:.....

Speed diode -________...

Nol used ~.

Cellular diode

Nolused - - _

NOTE
This drawing is for lhe
PRO-2005/6 bul all
other scanners will be
simtlar. See text.
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It is easily seen , then , why memory expansion
techniques using surface mount SRAM chips
requi re a LOT less labor than the larger DIP chips
specified in earl ier versions of this mod o

The labor savings with surface mount SRAMs for
extending the memory of these scanners should
motivate many couch potatoes.

There will be less chance of error , and reliability
will be enha nced by th is new technique. Use it'

Here ' s how to depl oy the 128k X 8 SRAM in your
scanne r.

INSTAI.LATION DIFFERENCES

If your objective is 64 Block s. the prec eeding 16
Block discussion is a good general guidel ine. The
methods and techniques are much the same with
exception of the need for six Block Selector
Switches instead of four, six lOOk pull-down
resisto rs instead of four, and the wiring plan
show n in Figure 4-3, above.

As we continue, you'Il lcarn the details of the
point-to-poirit wiri ng plan ; plcase follow them
exactly and check off your progress.
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In readi ng the layou t data, the letter codes A-H
refer ta Figure 4-3. Also , note the followi ng:

• Elevated pin; na pad - requires direct wire.

"Low" swi tch lug s go to gro und.

SRAM layou t - refer to Figure 4-3

PIN # Destination

2" H Switch 6

3" D Switch 4

4 B Switch 2

16 E Camman with all "low"
Sw itch lugs (ground)

Switch 1

Sw itch 3

Camman ta pin 32 below

Sw itch 5

CPU +SV ; also to comrnon
as pin 30 above.

Ta regular +5V regulated

<PRq~2()Ó5ÎJi 'ÖNjJY:,,;:/·

Remave the old SRAM. Clean the old SRAM
pads on the PCB with desoldering wiek . Isolate
old pads 21 and 24 .

Isolate what will become a new pad 2 (just above
old pad I) .

Bend (out and slightly up ) pin s 1,2,31, and 32
af the new chip so they wan ' t touch the PCB
when the ch ip is installed .

Install the new chip, ensuring gaad salder joints
for each pin to the old pads. Pin s 16 and 17 af the
new chip ga ta old pads 12 and 13, respectively.

Salder a jumper between pin s 32 and 30 af the
new ch ip.

Salder a jumper frorn the ex isting, uncut trace
(CS13 and R-52S) that used to ga ta old pad 24 ta
pin 32 of the new chip.

Salder suitable length wires to eac h af pin s 2, 3,
4 , 16, 25, 28, 31, and 32 and route these wi res
out to where your Block Switches will be located.

Wire the Block Switches in acco rdance with
Figure 4-3.
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Rema ve the old SRAM.

Clean the old SR A.\1 pads on the PCB with
desolder ing wiek .

Isolate old pads 21 and 24. Bend (out and slightly
up ) pins 1, 2, 3,4, 29,30, 31 and 32 af the new
chip sa they can' t touch the PCB when the chip is
installed.

Install the new ch ip, ensur ing good sa lder joint s
for each pin ta the old pads.

Pins 16 and 17 of the new chip ga to old pads 12
and 13,respectively.

Salder a jumper between pins 32 and 30 af the
new chip.

Salder a jumper from the PCB trace that was cut
from old pad 21 to the ele vated pin 29 af the new
ch ip .

Solder a jumper from the trace that used ta go ta
old pad 24 ta pin 32 of the new chip.

Salder su itable length wires ta each of pins 2, 3,
4 , 16, 25, 28 , 31 and 32 and route these wires out
ta where yaur Block Switches wilJ he located.

Wire the Black Switches in acca rdance with
Figure 4-3 and the wiring instructians in this
sectia n.

PROGRAMMING

Table 4-3 iIIustrates the same memory-aid
technique that I recornrnend for 16-Block mads.
Channel 1 simply carries a frequency of which the
3rd and 4th digits combine ta identify that
particular block. And who knows? You might get
lucky and use an identifier that' s actually a useful
frequency!

The identifier is a little compl icated , but it beats
learn ing to think in binary. You' Il get used ta it.

And if you' ve simply gatt a knaw what all thase
an e ' s and zero's really mean ... here 's the shortest
course in binary numbers you've ever seen.

Binary code sets a discrete value for each position,
with values that aseend as ane moves from right ta
left. Th e rightrnost position is worth I, the next
position is worth 2, the next 4, etc . Each position
is warth twice as much as the one to the righ t. If
there' s a zero in a posit ion , its value is zero. If
there ' s a " 1" there, then its value is as stated.



Memory Mods

Any integer can be expressed through same
combinations of 1s and Os, by simply adding the
values of occupied (by a I) positions. For
instance, if the rightmost position is the only one
with a "1" in it, the total value of the binary
number is 1. If the next one is also filled (with a
"1"), then the total value is 1+2. And so on ...

Position value 132 16 81' 4 2 1

Binary code I 1 0 1 ] 0 0
So in this case, reading right to left, it' s:

0+ 0 + 4 + 8 + 0 + 32 = Channel44!

Similarly, 010011 is 1+2+0+0+16+0 = 19.

I won 't give you a test, but if you look at either of
the block programming tables you'll now be able
to understand the rightmost column.

Aintcha proud? I ?
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TIfE8EST··.OFTHEIJEST!1

And this wraps up one of the best do-it-yourself
mods of all time. It adds functionality, fun,
practicality, and value. It' s cheap, and doing it is
an education that adds to your manual skill and
technical understanding. What more do you want?

Technical support for all my modifications are
always available through my computer bulletin
board.

Limited mail support is also available if you don't
have a computer and modem - but why don't
you? Remember, to be ultimate, the scanner must
have a host computer!

Follow my instructions, be patient, have the right
tools and materials on hand - especially the
service manual for your scanner, triple-check your
work, and you're not likely to encounter trouble.

A true Turbo Whopper!
This PRO-2006 has every kind of tuning and center channel indicator.
It looks like a lot, but every LED has a purpose.
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Table 4-3: Programming 64-block identifiers

BLOCK MEM BINARY
SW#6 SW#5 SW#4 SW#3 SW#2 SW#l ID, CHI BLûCK# EQUIV

OFF OFF OFF OFF OFF OFF 1000.000 00 000000
OFF OFF OFF OFF OFF ON 1001.000 Ol 000001
OFF OFF OFF OFF ON OFF 1002.000 02 000010
OFF OFF OFF OFF ON ON 1003.000 03 000011
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HSLP>FORMEMORYMODS

There are several ways to control my Extended
Memory Mods, including DIP switches,
Keyboard Memory Block Controllers, and the
CE-232 Scanner/Computer Interface, but there are
none slieker than Mark Persson' sLINKALL
EXTENDED MEMORY CONTROLLER.

Unfortunately, the LINKALL is not something
you can conjure up all by yourself. I will give it a
few words, and let you decide if this is for you.
LINKALL is a weIl established, commercial
product of good repute, and it' s been upgraded
and enhanced just in time for me to bring you the
good news.

The original LINKALL Extended Memory
Controller that revolutionized the control of PRO
200x scanners with extended memory has now
been upgraded with more features and can now
control either the 6,400 or the 25,600 channel
memory upgrade. LINKALL lets you scan all or
selected portions of Extended Memory as ij it
came stock with the scanner!

The new LINKALL printed circuit board has
shrunk to a tiny 2" X 4" thanks to a small
microcontroller unit (MCU) that does virtually all
the work. Stuffing the new LINKALL into a
heavily modified scanner is much easier than the
older generations.

Low power consumption and low noise are
assured bv the use of an MCU with a SLEEP
mode. Th-is allows the processor to only perform
tasks when necessary and literally simt itself off
while retaining its intemal memory.

Among the many features of the new LINKALL
are a self test mode, Display LED test, No
Blocks-Programmed Waming Mode, and the two
speed Keyboard Memory Block Controller feature
that advances the Block address automatically at
two Blocks per second then shifts gears to the
higher speed 4 Blocks per second.

This is a great feature for the larger 64 Block
Memories. The new LINKALL still has that great
auto incrernent feature whereby only selected
Blocks are scanned and all others are skipped.

For example, if only Blocks 1, 17,39,43, and
55 are selected, then when the scanner hits
Channel 400 of Block 1, LINKALL automatically
switches to Block Address 17. At Channel 400 of
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Block 17, LINKALL switches to Block 39, and
so on, in a continuous loop until the autoscan
process is stopped by you.

Block selections will be retained until you change
them, even when power is off. No extemal
computer control is needed. The module is totally
contained in the scanner with only one toggle
switch for mode selection.

All operating controls use the existing front panel
keypad of your scanner without disrupting
existing scanner functions.

Installation is EASY,with fully illustrated and
concise directions. Friendly and helpful technical
support is also available if needed. A six month
warranty is standard. Expert installations are
available for those who don't have the time or
inclination to do it themselves.

LINKALL is very affordable. For current prices
and availability on LINKALL, and other technical
services/products, send a SASE to:

Mark Persson
1369 Lombardy Blvd.
Bay Shore, NY 11706.

16,OOO..ch EXTENDED MEMORY FOR
THE PRO..2035

IC-S02, the stock memory chip in the PRO-203S,
is an uncommon but conventional static RAM,
configured as 8k x 8 (64k). Consider then, if 8k x
8 yields 1,000 channels, a drop-in 32k x 8
replacement wil! yield 4,000 channels and with
only slightly more work. a 128k x 8 SRA.\-1 wilJ
yield 16,000 channels! I see no reason to mess
with the measly 4,000 channels when 16,000 are
much better and, for many of us, will eliminate
one more trip back inside when we run out of
room a year or two later.

If you insist on the 4,000 channel mod, refer to
back issues of Monitoring Times magazine and the
World Scanner Report where the details were
published. The material on memory mods for
scanners on the previous pages will also be
helpful.

This presentation goes for the gusto. In a way, it
virtually eliminates running out of memory in the
future. Of course, we 've said that before... but
there's never too much!

Now don't get me wrong, the PRO-2035's
factory-stock 1,000 channels are ample for many
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needs. 4,000 cha nnels are even more aniple . The
problem is the organization of ] ,000 channels into
ten banks of ]00 ch annels eac h.

Banks are not subdi vided , so we ' re limited to ten
easily memorized configurations o f related
frequency groups. Whil e sorne ch annel
configurations that are arranged logically by
subj ec t matter will not exceed 100 channels, many
w ill. Thi s redu ces the available logical Banks to
nine or fewer, dependi ng on how yo u like to
organize . If you' re an avid scannist, a typica i
organizatio n of 1,000 channel s in ten Banks may
not he comfortable .

There ' s na way 1O prog ram the PRO-2035 with a
wide diversity of interes ts and still have a logical ,
effective organization of the programming. The
Ba nk lim itations of the scanne r w il! stop you dead
in you r tracks before you start. You ' Il ha ve to
accept a serious compromise in the organizatio n.

Se rious scannists seek to eliminare co mprom ise s.
We want it all! 16,000 channe ls may go beyond
irnmediate needs, but the 160 Scan (and Se arch)
Banks that are a byproduct of thi s Extended
Memory are not at all exorbitant!

FURTHERCHANGES FORTHE
PRÓZ20~5 .

These instructions are expressly for the ]6,000
channel , 160-Bank, and ]6-Block Extended
Memory using a 128k x 8 SRAM (because of
inc redible ease and low cost),

For those not famil iar with Extended Memory
mods, you should probably get up to speed by
reviewing my Scanner Modification Handbooks.
And don 't grumble about having to "buy another
baak," e ither!

For one thing, I can't put everything into one
book unless you 're wi lJing to pay a lot more
mo ney. T wo , it ' s dumb to he repetit iou s. Three.
chec k out the price d ifference between a 20
channel scanner and a 200 channel scanner.

The modest cost of a second baak and the proper
service manual will be offset bv the thousan ds of
extra channels you w il1gain fn;m my prescription.

Meanwhile, the instru ctions he re are adeq uate
unless you likt: to solde r with awelding torch, in
which case d iseretien rn ight be the better part of
vale r. You can always hi rc sorneone to do it.

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

PARTSANDECONOMICS

Ca st of this modification wilJ include about $35
for the SRAM chip; $1 0 for the switches , and a
qu arter or sa for the res istors. Call it $50 for the
whole enchilada. That's a penny per three
channels. Don't you wish a 20 ch annel scanner
ca st 7i ? On the othe r hand, wh o wants a 20
channel scanne r?

Piek up a low-po wer l 28k x 8 SRAM. Speed is
not toa important , ISO-ns or fa ster wilI do. Low
power (LP) rating is important. The replacement
SRAM should he the surface mount (SMT; style .

The Samsung Ki\168 IOOOALG-S is ideal for this
proj ect but any pin-for-pin equivalent from mo st
any manufacturer will do. The Samsung part
number can be cross-referenced by your supplier
if the y dori 't sto ck that brand. Try Future-Active
Elcctron ics, (800) 757-9438, if yo u don 't have a
favored supplier. If yo ur res ources fail, cont act
me on my BBS and I may be able to direc t yo u to
a so urce .

You 'll als o need fo ur SPST toggle sw itches
(Radio Shack 275-624) and four sm all lOOk
resistors (Radio Shack 271-1347).

Okay... gat everything ? Let' s get st arted.

PROCEDURE >

DisassembIe the Logic/CPU board so that you can
full y access IC-502, the resident SRAM.

Access to the PRO-2035 's Logic/CPU board is
painless and fairl y easy. (Ev erything else in this
radio is out in the wide open spa ces; no
disass embly required!) Remove extemal AC or
De power befare Jaunching the invasion.

Remove the four sc rews that hold the front panel
to the chassis ; disconneet all cables that go from
the front panel to va riou s p laces arou nd the
rec e iver. Unscre w the black ground wire from the
main chassis.

NOTli: Memory will be lostifandwhen
CN;.502isdisconnected from themain
receiver board-for m ore thanafew;seconds.

. "..;," .------- - ,. ::"

For th is Extended.Memorymodth ét:s. -..•.
acceptable - you 'vegotalot o( rè- .....,
prog ramm ing tódo a nyway -..: tmte xpecl it.
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For other kinds of work in this area. you mig ht
not want to lose memory. If sa, you can ieave
CN-S02 plugged in with the understanding that
the Memory Battery wiII be providing "keep alive"
power to the Logic/CPU board and therefore
there's risk ofserious damage ifyou aren' t sure of
what you're doing. One ZAP and the pa rty ' s over!

Disconneet CN-S02 if you have any doubt.
Disconneet ft all \wa\' for this MEMORY
modification.

Remove the four screws that hold the metal shield
over the Logic/CPU board and carefully lift up
and remove the shield. Remove the two remairring
screws that hold the Logi c/CPU board to the front
panel.

Now comes the only trick y part: the Logic/CPU
board remains held tight to the front panel by
virtue of that white IS-pin connector, CN-S03 .
much in the same fashion that secures the
PRO-200S16 Logic boards in the ir front panels.
You will have to "j iggle" and work the board up
and off the 15 male pins of the keyboard PCB
underneath .

You can slip a flat-blade screwdriver under the
Logic Board to apply genrle , leveraged prying. Be
careful and patient as you work the board up and
off the pins below .

Th is process is ha rder to explain than to show. but
vou' re there and I'rn he re. so bea r with me and
use your imagination. It might help to have the
unit open in front of you as you read this.

PIN·LINE AGAIN

When the LOQ:ic/CPU boar d is free, vou can
commence wTth any of the var ious r~trofits .
Adjace nt ta e N-S03 are 15 unused , plate d- thru
hole s that scream for a purpose !

I suggest you insert and sal der a IS-pi n sn ip of
pin-line soekets to facilit ate EASY conneetion of
things to eN-S03 later down the line. The metal
shield has to be "nibbled" or notched out about
OS' to leave room for thi s strip.

Any number of devices and mods may later
conneet to CN-S03, from computer inter face s to
Search and Store modules, or even a remote
control ! There is na sense in soldering anything
directly to CN-S03, nor mechanically inserting
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pins into it when there is the con venience of those
hole s adjacent to the connector.

A strip of pin-l ine soekets will mak e future work
in this area a piece of cake ! Even though not
required for this Extended Memory mod, as long
as you have access now. do it!

REMOVING THE OLD SRAM

Locate and remove IC-S 02. If you're good at
desolder ing, you can try to rem ove this ch ip
without destroying it.

Otherwi se, the best bet is to first snip each pin
close to the body of the chip and remave it befare
ever heating the pads.

Then carefully desolder the cut pins from the
pads. Cle an the pads so they are smooth and
shiny. using your soldering pencil and
desoldering wiek.

The hardest part of this job is removing the stock
SRAM chip and that wouldn ' t be so troubleso me
except it ' s vital to preserve the integrity of the
salder pads. This is not difficult; ju st slow down
and take your time. Liberal use of desoldering
wiek befare exerting force on the pads wiJl help.

Clip the pins away from the bod y of the chip
befa re app lying heat to the pads to reduce chances
of damage to the pads .

Thi s destroys the stoc k SR AM chip, but so what ?
You have no use for it anyway. See the previous
extended memo ry proced ures for details on how
to rem ave the stock SRAM intact.

The jobs a piece of cak e heresfter.

PREPARING THE NEW SRAM

Identify pin s 1-3, 28, and 31-32 of the new
SRAM ch ip and carefully ben d or work them up
so they protrude straight out the side of the chip
and sa they will be weIl above the contact points
of the rem aining pins .

These pins will not be soldered to the Logic/CPU
board, and must not touch the corresponding pads
beneath them . Let these six pins "float" even with
or slightly above the body of the chip, but na
higher. Don 't break thern!
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Figure 4-5: Straightening and configuring the SRAM IC's ''feet:''

'Feet'

Using flat , "duck-bill" piiers or something
comparabie, straighten the "feet" of the remaining
26 pins of the new SRAM chip sa that they point
straight down. This is necessary because the new
chip is wider than the stock chip by enough that
the "feet" of the new chip will not seat weil on the
stock pads. The fit will be perfect if these "feet'
are straightened first. Examine Figure 4-5.

INSTALL.ING THE NEW CHIP

Position the new chip on the existing salder pads
in exactly the same orientation as the old chip.
Refer to Figures 4-6, 4-7, and 4-8. Pins 16 and
17 of the new chip should be seated on pads 14
and 15 for the old chip. When the match is
perfect, lightly tack pin 16 to pad #14.

No board traces go to new pin s 1-2 and 31-32.
but these pins should "float" above the board
anyway ! Ensure that the chip's pin 28 floats!

Adjust the chip, if nece ssary, sa that the remaining
25 pins are matched square on their pads and
lightly tack-solder pin 17 to its pad. Now the chip
should be immovable on the board. If the
remaining 24 pins are still perfectly matched to
their pads, then salder them to their respective
pads, one at a time, making sure each is clean and
perfect before doing the next one .

When you ' re finished, pins 1, 2, 3, 28, 31, and
32 should be weIl above their pads, touching
nothing.

ADD'NG>PJlRTS

Carefully sa lder lOOkQ res istors ( 1/8 watt, with
thin and flexible leads) to free-f1oating pins 2.3,
28. and 31. Salder the free end s of these four
resistors to any PCB ground, or to pin 16 of the

Wider chips fit belter

/
Pin bent ' Feet'
out to side straigh tened

See lext

new chip if you 're not sure. See Figure 4-6 for the
schematic, but piek the physical arrangement
yourself. When you bend the resistor wires,
minimize the stress on the chip' s pins.

Position the bodies of the resistors against the flat
surface of the PCB and secure them with dots of
superglue or hot glue . This is ta ensure that they
are immovable and do not subsequently break off
the pins of the SRAM.

WIRING

Salder flexible, insulated hookup wires, about 12"
long , one each to the leads of the resistors that go
to the pins of the SRAM.

Position these wire s flat against the PC board and
secure with a dab of hot glue. Let the loose ends
of these wires float free for the time being.

RE·Jl SSEMBL.Y

Reassemble the Logic/CPU board into the front
panel in reverse order of rernoval. Reinstall the
front panel onto the scanner.

Route the hookup wires installed in Step 10 to
wherever you plan to mount the four Block
Switches (you did plan ahead, right? ): most likely
you decided on the rear panel if you' re using
conventional switches, or inside the front panel if
you have planned a way to install micro-mini
toggles there.

I like to use DIP switches for memory mods and
other things. There is a bit of room on the front
panel of the PRO-2035 , if you 'd like to use this
approach. Be careful , and continue to plan ahead.
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Figure 4-6: 16,000 channel extended memory [or PRO-2035
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QUICK START

1. Remave IC-502 and clean its salder pads. lnstall a
128k x 8 SRAM as shown, pin tor pin, except that Pins 1-3,
28 and 31-32 must I~OT be soldered to the oid pads.
Ke'ep these 6 pins elevated above the pads! Pin Î not used.
Pins 16& 17 of the new ch ip reference to pads 14 & 15.

2. Install four 100-k tesistors as shown.

3. Install four SPST 10991e switches where desired .
4. Wire switches asshown (oruse KMBC, Mod-28)

5. Consult text when in doubt
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f;q1lI'BClllJfJ.$SEIISLY
Install the four switches at your choice of location,
Solder a jumper wire from end to matching end of
the four switches. Leave the other matching end s
free.

Solder a hookup wire from the jumpered end s of
the four switches to the OUT lug of IC-S, located
in the front-left corner of the main receiver board.
(regulated +5V).

Solder the wire from the SRAM, pin 28 to the free
lug on one of the switches that you designate as
SW-I . Solder the wire from pin 3 to the free lug
on the switch that you designate SW-2 . Solder the
wire from the SRAM, pin 31, to the free lug on
one of the switches that you designate as SW-3 .
Lastly , solder the wire from the SRAM, pin 2, to
the free lug on the switch that you designate as
SW-4.

This completes the work! Clean up any mess to
where you can safely test the scanner. Check all
your work under a magnifying glass and strong
light. Watch for solder-blobs and cold solder
joints (they look gra iny and dull ). CAREFULLY
inspeet your work.

NOTE: In lieu of toggle or DIP switches, you can
use the Keyboard Memory Block Controller
(KMBC), MOD-28, featured in Vol-2 of my
Scanner Modification Handbook. The KMBC
prov ides a method by which you press two keys
of the scanner's keyboard to auto-switch among
the memory Blocks. Slick!

The CE-232 Scanner/Computer Interface 's User
Switches or OutByte bits can also be used to
control Extended Memory Bleeks!

Switch #2 ON. Turn the scanner OFF and then
back ON .

Wh atever was in Ch-I should disappear and be
replaced by 0' s. Program 1002 .000 into Ch-1.
Turn both Block Switches 1 and 2 ON. Turn the
scanner OFF and then back ON. Whatever was in
Ch-I should disappear and be replaced by 0' s.
Program 1003.000 into Ch-1. Repeat this
procedure for the remaining Blocks 4-15.

Now turn all Block Switches OFF; press
MANUAL 1 MANUAL, in that sequence,
and 1000 .000 should return to the display. You
can now test each of the switch positions , one at a
time, to ensure that whatever was programrned
into Ch-I is retained. If so, all is weil. You can
now prep are a much better organization for your
Monitoring Plan .

Operation is simpie: the four Block switches offer
16 combinations (count ' em) , of 1,000 channels
and lObanks each, which is Iike having 16 PRO
2035' s, except that only one at a time can be in
use. Still, that gives you 16,000 ch annels and
160-banks for under $50. Beat that!

Weil. I suppose the 25,600 channel Extended
Memory for the PRO-2004/5/6 series beat s it.
You ' re done.

Or are you ...?

DOUBLE.BUBBLE, .TO' L ANDTROUBLE . .... . .

Figure 4-7: Stacking memory chips

Ta Pin Pad
for Pin 22

on the PCB

Chip #1

22 D 3-- - - -..

Switch #2

Chip #2

TE$7"'NG !&:; ()I'ERATION
Put the Block Switches in the OFF position. That
is the Home Block (Block 0) or the first 1,000
channels. Test the scanner for all functions and
programmability. Program 1000.000 into Ch-I .
Troubleshoot , diagnose, and fix any discrepancies
before moving on. Problems (if any) will typic ally
be solder blob s or bad solder joints on the pins of
the SRAM.

Wh en all is weil, turn on Block Switch #1; turn
the scanner OFF and then back ON . Whatever
random data (noise) was in Ch-l should disappear
and be replaced by O' s. Program 1001.000 into
Ch- I. Turn OFF Block Switch # 1 and Block
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9Pt.ON.S'
If you want to go completely hog-wild , you can
stack a pair of 128k x 8 SRAM circuit s (double
everything), pin for pin , except that pins 22 of
each chip which must be raised and isolated from
everyth ing else, and wired per Figure 4-7.

Thi s linie hack provides 32,000 channels in 32
Blocks of LooO each. You 'll also get 320 Scan
Banks and 320 Search Banks for the modest extra
cast and effort.
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I Incidentally, this procedure can be employed to
double any stock or extended SRAM memory.
You need only doubl e up on the chips, pin for
pin, except isolate the chip-enable (CE) pins of
each chip and wire them to an SPDT switch as
shown.

Extended address pins/switches must be kept
separate, of course .

Wh at' s the limit? I dunno. If you hit a brick wall
somewhere let everyone know on my BBS.

Figure 4-8: PRO-2035 logi c board connect ions

TO:

SW-l
SW-2
SW-3
SW-4

Super-glue or ho\-glue the : .
bodiesof Ihe tourtesistors
la Ihe PCB 50 thal thP.y are:
immovabie. This will
ertsure that the pins of the
newIC are not brakenoft.

Grounds for theresistors
can be tound alloverIhe
PCB, inc!uding asshown.

Keep theresistors"Iow
profile" tor bestresults,

~"'~~.J:)ED .•• MEAfORYF9RTHE
~ijÓ..43(àndcerta;n·.·.othe,.scanners}
The PRO -43 is 3 class act, and one that uses a
different sort of memory storage than most other
scanners: EEPRO~v1. Electricallv-Eraseable
Prograrrvnable Read Only Memory, sometimes
called E"PROM, just hasn' t found its way into
hobby radio to any appreciable extent , and is used
for main memory in the PRO-43, PRO- 2036, Be-

Overlay a 128k x 8
SRAM ontoIC·502's
padsas shown here

8500XLT, BC- 2500XLT, BC-200XLT , and BC
iooxi.r. The BC-90ooXLT probably uses
E2PROM, but that' s a guess because I haveri't
ripped one open yet. Reader comments on that?

Np matter , memory extension procedure for
ELPROM scanners is pretty standard, so the
discussion here for the PR0-43 wil! serve as a
guide for the rest. If you 're not certain about the
type of memory chip used by your scanner, then
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check the preceeding discussions of CPU and
SRAM memory, and then continue to read for tips
on identifying E2PROM chips.

IDENTIFYING .EEPROMs

As you can see, several different formats are used
by the industry.

Cheek3
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The E2PROM below is used in the BC-8500XLT
and the PRO-2ü36. Yes, the two are twins of each
other, and we'Il know soon enough if it's also
found in the 9000. Circuit symbols may differ,
but they're the same rig, and from the same
manufacturer.

IncidentaIly, the Uniden Service Manual, on page
13, makes an error regarding the pinout for this
chip. The function of pin 14 is incorrectly depicted
as "IlO 3" - it should be "Ground", and the row
of pins 15-28 was inverted somehow. The figure
is correct as seen from the top.

Figure 4-11: BC-8500 (& PRO-2036)

BC-8500XLT
The PR0-43's E2PROMs (two of 'ern) look like RDY/Busy 1 • 28 Vee
this sketch. They are tiny 8-pin surface-mount A12 2 Same as 27 WE.
chip about the size of a housefly. A7 3 PRO-2036 26 n/c

Figure 4-9: PRO-43 E2PROM layout A6 4 25 AB

A5 5 24 Ag

SURFACE MOUNT A4 6 23 A11
4-k Serial EEProm A3 7 22 OE

256 X 16 IC-16
21 A10A2 8

• A1 9 20 CE
nc 1 8 PE

10 19 1/0 7AK93C67F AD

Vee 2 7 Gnd 1/00 11 18 1/06

PRO-43 110 1 12 17 110 5
CS 3 DO 1/02 13 16 1/04

IC-2 & 3

SK 4 DI Gnd 14 15 1/03
HN58C65FP

The E2PROMs in the BC-lOO/200XLT look like
those in the PRO-43, but differ in pinout, storage
capacity, and organization.

Figure 4-10: BC-100/200 E2PROM

This is another style of EEPROM, in this case
from the BC-250üXLT. I wish I could teIl you
more about this chip, but Uniden's Service
Manual for the BC-250üXLT was never intended
to let the reader decipher some of the details.

Figure 4-12: BC-2500 layout
SURFACE MOUNT
2-k Serial EEProm BC-2500XLT

256 x 8 n/c 1 • 14 n/c
AOIWP 2 13 Vee

CE 1 • 8 Vee A1 3 12 Test
CXK1013P n/c 4

IC-S03 11 nlc
SCK 2 BUSY

SC-1 OO/200XLT A2 5 10 CL
DI 3 asc Gnd 6 9 SDA

IC-20S & 206
n/c 7 8 n/cDO 4 Gnd 24LC161/SL
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A ,GENERALAI'PROACH TO~PROM

ÊXTEiJDiEDMEAfOR'ES

Before we dig into the PRO-43. let me tell vou
how to do the rest of the pack and then you can
fe llow the diagram and approach for the PRO-43 .
The procedures will not vary from one scanner to
the next, other than the mechanics of disassembly
and physical installation of things.

The first thing to do is get a secend E2PROM (or a
pair , depending on whether your scanner uses one
or two ), identical to the one in your scanner. In
many cases. the only way you 'lI be able to get one
is direct from the manufacturer of your scanner as
a replacement part. That is one good reason why
you need the service manual ' It i ists part nurnbers,
so you can' t go wrong.

E2PROM differs radically from SRAM because
you don' t ju st hop out and buy a biggel' chip. For
one thing, there probably aren't any biggel' chips
of the same general type as your original; and even
if there were , it would be a nightm are to do the
upgrade. EEPROM just doesn 'r work like SRA1\1
and requires a differen t method of handlin g and
hacking .

On the other hand. Extended Memories using
EEPROM are going to bc quite easy tor the most
pare because rhe hard pan has already been
done... me telling you how to do it. li ' s generally
harder io talk about than to do.

You see, all you do is "piggy back" the
EEPROM(s) that reside in your scanner with
anoth er , pin for pin, except for one. Some
scanners, like the PRO-43 and the BC-·200XLT.
use two EEPROMs while eth ers use j us t one.

MULTIPLYING EEPROMS

The approach is to "piggy back" another E2PROM

atop the original(s), and solder down each pin to
the one below it... except for the CE or CS pin.
(Chip-Enable or Chip-Select). This pin on each
EEPROM must be kept separate from its brother.

In fact, you have to go so far as to lift or isolate
the original CE or CS pin from the circui t trace
and let it hang free... ju st like the one on the
upgrade chip (s). The conclusion to this process is
to switch the CE or CS pins, with one or the other
active at a time . This results in double the memory
that you had befere .
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There is no reaJ limit to the number of EEPROM
chips that can be stacked or piggy-backed, so long
as only one is set active at a time . Basically, this
means that if the CE or CS pin is low (OV), the
chip will be inactive, and when that pin is high
(+SV), the chip is active. Obviously, then , only
one EEPROM chip (or pair) should be active at a
time. and therefore al! CE/CS pins should be
"low" with exception of the chip (s) required to be
active for the desired functi onality .

The procedure I'rn presenting for this section
shows just one extra EEPROM chip per stock
chip. but you can triple, quadrupIe, ad nauseam,
the number of stacked chips so long as only one
CE/CS pin at a time is active-high. The CEICS
pins in these scanners that use two EEPROMs, as
the PRO-43 and BC-200XLT do, will put a pair
of chips at a time active-high .

UCHIPENABLE" .or IiSELECT"< PINS

There are two ways to isolate the CE/CS pins of
EEPROMS. Perhap s the easiest is to just slice the
circuit trace that goes to the CE/CS pin. A second
way calls for the pin to be desoldered from the pad
and raised up sa that it doesn ' t touch anything.
This is the most certa in isolation. but IS more
difficuJt and risky. The first technique is easie st,
but vou' IJ have to determine if the circuit trace
àead-ends at the chips CE/CS pin or continnes on
somewhere else underneath rhc chip where you
cari' t see. Again, the service manual wil! be of
great assistance.

The next step calls for a 100kQ resistor to he
installed from ground to the floating CE/CS plll of
each EEPROM ra be used. stock and new. These
resistors can and should be as small as possible
with )/8 or 1/ 10 watt quite suitabie . Thc purpose of
these resistors is 10 "pull down" the CE/CS pin la
a low (inactive) state whenever +5V is not applied
to the pin. Hence, these resistors are often called
"pulldown resistors." Study Figures 4-B and 14
and you' Il catch the idea righteously quick.

The last step is to insrail a switch to apply +5V to
the CE/CS pin(s) that you want to go active,
arranzed in such a way that only one chip or
rnatched pair of chips can be active at a time.
Unpredictahle and possib!y embarrassing things
mal' happen if both the stock and extra chips are
active at the same time.
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Figure 4-13: PRO-43 extended memory schematic

CPU

18

Mem Bloek I

Memory
B/ock ..

Se/ector .

Mem Bloek 2

Note1 : Connecl Pin 3 of all four memory chips as shown above.

Connect Ihe rema ining 7 pins of IC-A 10same pins of IC-2
Connecl lhe rema ining 7 pins of IC-S la same pins of IC-3

Nole 2: Denoles pads from CPU pins 18 & 19 which have been iso laled
from \races la Pins 3 of IC-2 & IC-3 by culting Iraces 10Ihe pads
from IC-2 & JC-3. Remave 1/16" of Irace la ensure Ihe cut.

-_ . U=TOIC-3, Pin 3

Ta CPU \ · · · · · ·~i~ · · ···> u ;::..
Pin19~/

ToCPU : .'
Pin 18 1:,::,;:1 C=-To IC-2, Pin 3
~~~::-

Nola 3: Reform pins 3 of Ihe new add-on memory chips and all 4066 chip pins as shovvn balow. Carefully sl raighlan

the pins , firsl oul 10Ihe side. Use "duckb ill" piiers or flal grippers of some sart . Toon band upwards a

lillie la facililala soldering of individual wires

cd Or iginol ~

ENDVIEW Of CHIPS

Ilf~ Step 1 Fb
Pirt3 __--,

~ S"p2 In

NOTE 4: CONNEC TIONS TO CD-4066 OR 74HC4066 CHIP - TOP VIEW

Pad from epu, Pin 19 1 14 +5v

IC-3, Pin 3 2 13

IC-A, Pin 3 3 12
Olher side Block Select SWitch

V· I
4 11 Pad from CPU, Pin 18

5 10 IC-2, Pin 3
One side of Bleek SeleclSwItch

6 9 IC-B, Pin3

Ground 7 8



Memory Mods

·~lfJ",t8~iflflè)è)1'tf
The PRO-43 and similar compact handheld units
lack "real estate" on which to install a big ol'
DPDT switch. In those scanners that use just one
E2PROM chip , the switch need only be an SPDT
type , but those with a pair of E2PROMs will have
to be controlled with a DPDT switch.

For these cases , I' ve specified a solid-s tate 4066
quad CMOS bilateral switch to do the difficult
swi tching for you, with control by a simple SPDT
switch that has a better chance of find ing a nice
home in that confined space.

The 4066 chip is not exactly mandatory, but
believe me, it will make for a cleaner installation
allowing you to place a micro-mini SPDT switch

Figure 4-14: The PRO-43 layout
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almost anywhere that will fit. A DPDT switch
won' t fit just anywhere.

Some peop!e may be tempted to use the original
KEYLOCK switch for this purpose and that' s
fine, exce pt that my hacking philosophy hates
giving up any functions to gain others.

That KEYLOCK switch is valuable at times and
there is no sense in doin g without. Don 't use it
unless your mind is made up - and if that ' s the
case, you' re on your own .

That will work, but something else is now
mi ssing.

Weil , let's get on with it.
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.THE CHALLENCE
You want the truth, right? Okay...

Extending the memory of the PRO-43 is do-able,
but it is definitely a job for the most competent and
patient hacker, with the right tools and the right
attitude. X-ray vision will help, also.

Space is cramped, and there are 677 ways to blow
the brains outa that scanner.

I've done it. Sa have others. But this jewel of a
scanner doesn't deserve to be hacked to death. SA
if you're taking on this job, be certain that you're
willing to put in the time and effort it needs to
have a reasonable chance of success. No, I' m not
dooming you to failure - just ensuring that if you
screw it up you won't come yelling at me.

On the other hand, everyone's watching and
wanting to learn more about this rnod, Sa if you'll
share your experience with your fellow scannists,
we ' Il all benefit.

PROCEDURE
If you have na other mod s down there apart from
the cellular and 54-88MHz restoration. then you
might have few problems. Just get the exact
replacement chips sa that pin compatibility is
assured. Then , you can piggy-back the two new
EEPROMs atop the old ones to minimize extra
wiring, and you 'lI con serve valuable real estate .

Get two AK93C67F from Tandy 800-442-2425:
IC-2 and IC-3 in the PRO-43. If you can find a
plain 93C67F, it' s usually less expensive than a
Tandy part. I haven't located a good source, sa
keep Tandy in mind - and about $30 in hand ...

COINtJFOtl :''''
First you must tear down the PRO-43 to the
Logic/CPU board. It does not have to be removed
from inside the front panel, but it is definitely a
jo b to get to the top side of the Logic/CP U board.
Here's how:

Remave the battery, anten na, and rear plastic
cover (four screws). Remave six screws that hold
the top circuit board in place. Using a vacuum
type salder sucker, remave the salder from the
antenna wire that protrudes through the board.
And here 's a little advance warning: more than one
hacker has forgotten to resolder that antenna lead
when re-assembling. Sorta reduces sensitivity...
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Look between the boards to see the bare wire that
goes from the antenna BNC connector up through
the top board.

Do not unsolder that wire from the BNC
connector! Just remave the salder around it from
the top board sa that it is loose in the hole.

Unsolder and bend the antenna ground tab fully
up from the board.

Carefully lift the top board, unplugging the black
connector at the base, and lay the board aside on
its bundle of colored wires.

Remave the two screws from the next board and
lift it, unplugging the white connector at the
bottom.

Lift it up and lay it aside on its brown wire
(unplugged if necessary ). Desolder one corner at a
time and remave the metal shield from the
Logic/CPU board , to expo se the working area.

PRO·43 .. $URGERY

Identify the two circuit traces that go from pin 3 of
each of IC-2 and rC-3 to the CPU.

Cut and isolate each pin 3 by slitting and removing
the circuit trace that goes up to the pins. Pin 3 of
each chip must not touch anything other than the
pad to which it is soldered.

Prepare a salder pad for each trace that goes to the
CPU. There are unused salder pads on each trace
from rC-3 and rC-2 to the CPU which can be
used.

Presolder each feed-thru pad sa that salder
adheres well to it. Locate a place in which to
install the SPDT switch.

I am still working to smooth this procedure, and
prototype versions of a mod are a lot different
from the final result. Find any reasonable place to
install a micro-mini SPDT toggle switch . There
are many poss ibilities, from a magnetic switch to a
pair of mini DIP switches to a regular toggle
switch. There isn't room for a conventional switch
of any kind on the top control panel.

Review Figure 4-13 and Figure 4-14 carefully,
and lay out the parts to comply with them.
Position the two replacement EEPROMs atop the
stock chips, pin for pin, and lightly salder each
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new pin to the old one be low , ex cep t for pin #3 of
each chip that mu st float free and tou ch not hing .

Salder a wire from the CENTER (comma n) lug of
the switch to either pin 2 of IC-2 or IC-3, or to
one of the tra ce pads on the path between the two
pms.

Thi s is a so uree of +5V needed to switch the CE
pins of the old and new pa irs of EEPROMs. Look
at the area just right of the CPU and to the right of
IC 2 and 3. viewed from the radio back side.

There is an open spac e where the 4066 chip can be
laid out. dead-bu g style. Turn the 4066 up side
do wn; and flatten its pin s to the side.

Temporarily replace the metal shield and upper
circuit board sa you can see where things can
comfortably lay flat without bothering any thing.

At what appears ro be a grea t spot of real estare.
the HEADPH00.TE j ack wiJl stop you de ad in your
tracks. Look it over, and then forget it !

Now' s the time to trim the shie ld to allow for the
piggy-backed EEPROMs, as needed . Check for
perfect fit of everything befare continuing.
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FINAI. >ASSEMBLV,.

Take your time and inspe et ev ery thing very
carefully . Re eheek the instructions , bec ause you
really do not want to go through thi s again.

When everything looks like it wil! go together,
co ntinue the final assemb ly. Triple check the
orientation of the 4066 chip. and artach it with a
drop of super-glue to the PCB.

Add the six resistors, and wire e verything
according to the diagram. The six resistor s should
probably be soldered to the 4066 pin s.

And what do you get for all this effort ? The PRO
43 is already one of the best scanners ever made .
This just makes it better.

Is it the Ultimate Scanner?

WeI L if its wired to your computer it would beo
But since it ' s not, it' s na more than exce llent.

But one of these da ys ...



The end!
This is the butt-end of a TurboWhopper PRO-2006. Do you think that's
really a power cord sneaking out of the left (your left) side?



SUBSIDIARY CARRIER
AUTHORIZATION (SCA)

-READ CAREFULLY:
.";:" :' _:::_.--.---- --. ..0-:" ".

SCAisa i:YpeofFMprogramming that-you
are nat: intended to ireceive:

11leintercept ofan .SCk program without
p~or autporizationfroIIlthe .broadcaster is

...• forbidden by·the..E lectfonicComrriunications
Pri"àcyAct (ECPA) of 1986.
yg)lators rnay.be .subject to crimirial or civil
prosecutioll. Okay... nowthat y ou' re warned :

WHAT 'SA SUBCARRIER?
The high fidelity industry, and FM listeners in
general, use a subcarrier tcchnique to support
broadcasts available in almest all areas of North
Arnerica. We cal! it FM stereo.

FM subcarrier broadcasting was first
demonstrated in 1953 by its incredibly prolific
inventor, the late Majo r Edwin H. Armstrong.
Multiplexing of more than one program on a
carr ier was authorized by the FCe in 1955 .

You're receiving a subcarrier whenever you listen
to commerc ial FM stereo, because the difference
between right and left channels is carried in that
subcarrier signa!.

Your tuner simply applies that difference to the
primary FM signal, generating separate left and
right signaJs that go to amplifiers and then
speakers.

Virtually ignored by the consumer press, and by
the usuallistener , is another sar t of subcarrier
broadcast ... SCA.

...AND WHAT ABOUT SCA?

There is a muddy distinction between FM-SCA
and FM stereo, bath of which are transmitted
simultaneouslv on the same freoucncv, frorn the
same FM station. FM-Stereo and FM"-SCA are
bath "multiplexed" transmissions, which means
therc ' s a primary signal plus one or more
secondary signals that carry specialized data.
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Any FM broadcast receiver can detect SCA with a
simple detector, modification, or adapter. Many
FM stations supplement regular programming
with SCA because of the profitable things that can
be done with this interesting medium.

SCA can be received as clearly and reliably in the
local service area as the regular FM signal, and
with excellent audio fidelity.

The two most common subcarrier frequencies are
67kHz (the original one), and 92kHz (a more
recently authorized subcarrier). One FM station
can simultaneously transmit four signals: the
regular stereo program, two music or voice
programs on subcarriers, su eh as a radio reading
service for the blind at 67kHz, and foreground
music at 92kHz. There is a relatively new
subcarrier at 57kHz, exclusively for digital data
such as highway condition alerts and paging.

By the way , the term "SCA" is synonymous with
"SCS," Subcarrier Communications Service.
Canada has a similar service called SCMO.

SCA is a monaural signal with bandwidth up to
7kHz, or a bit better than the best AM stations.
Tuning an SCA transmission is simpIe. FM-SCA,
however, is not intended for public reception , and
conventional FM detection methods will not work.

This is why the "pay as you listen" concept of
SCA works. The intent is to provide a paid
subscription service similar to cable TV, but
broadcast over the air! FM-SCA stations typically
rent or lease a special receiver that is internally
tuned and locked only to their frequency.

L~(JAL.'TI~$

When the ECPA of 1986 was concocted, the FM
Broadcast Industry jumped on the bandwagon to
have SCA brought under proteerion of the Act.
Sometimes it ' s very good to have a powerful
lobby working for you, even if it may be against
the interest of the majority.

The lobby of the Broadcast Industry was
apparently more effective than other lobbies. It's
legal to use a back yard satellite dish antenna to
recei ve non-scrambled netwerk transmission s. It 's
also Jegal to copy API and UPI and other
co pyrighted transrnission s fro m the HF ba nds.
It ' s legal to listen to police broadca sts, and to
military aviation.

But it is iilegal to intercept SCA broadc asts : The
power of mo ney never ceases te arnaze me , as it
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produces laws against the monitoring of certain
radio waves that pass across your property, into
and through your home and body. Yet, radio
waves generated by less politically powerful
industries may be legally monitored.

Apparently it is not illegal to own radio equipment
that can intercept SCA transmissions incidental to
the main purpose of the receiver.

There rnight be legal jeopardy if your radio were
designed solely for reception of subcarriers, but
that' s for the lawyers. The bottom line is that
without an adapter or the special SCS receiver that
the industry rents out, you cannot legally detect
any but the normal programming.

PERMISSIQN:,/

Monitoring of specific SCA transmissions can be
made legal if you have obtained from your local
broadcaster(s) authorization to do so for non
commercial hobby purposes. Whether you can
actually get such permission is not certain, but it
has happened.

If the interesting world of SCA appeals to you,
there is a simple and low technology way to
modify PRO-2004/5/6 scanners and regular FM
Broadcast receivers to detect subcarrier signaIs.

To make listening legal, draft a letter to the FM
Broadcast station owner/manager. Explain that
you are a radio hobbyist, interested in modifying
your scanner to detect their subcarrier(s) . Explain
that you will neither record nor disserninate the
program material and that the intercept will be
solely for your hobby use. Enclose a return letter
prepared for signature, and a stamped envelope:
make the response easy.

When permission is granted, you can proceed,
and with good reason!

SCA programming has broadened since 1977,
when the majority of SCA was used for
background mu sic in elevators, stores, and
dentist's offices .

No w, radio reading services to the blind are found
in mo st metropolitan areas, usu ally on the
subcarr iers of public broadcast stations (PBS) .
Ethnic programming has entered major markets on
either the 67 or 92 kHz subcarrie r.

Foreg round and light rock musie predo minat es on
92kHz , while rnany stations have an easy
listening SCA signal at 67kHz. With the demi se of
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easy-listening on many commercial FM-stereo
stations, SCA may be the only way to hear that
format in some areas. In some regions of the
country, sports news, religious programs, medical
data, and special events can be received on SCA.

A cast effective way to listen to SCA is with an
FM-SCS adapter fitted to your FM receiver.
Installation of an SCA adapter into a scanner with
FM broadcast-band capabil ity is not a complicated
procedure and does not require technic al expertise.

The rest of this sectien focuses on how to build
and install SCA in your PRO-2004/5/6 scanner.

SCA KITSAND SERVICES

After receiving permission to detect SCA signals
from the appropriate station, you can rail your
own from the information given in this chapter or,
if you don' t have the time and energy , you can
buy what you need .

The following compan y offers SCA adapter kits
and installation services for your scanner or other
FM receiver:

FM ATLAS Publishing & Electronics

PO Box 336

Esko, MN 5573 3-0336

This company offers tw o inexpensive, easy to
assembie and install SCA adapter kits, the ELF
IA and the ELF-Il . The best tonal quality is
available from the ELF-IA. but unfortun ately,
each unit supports dereetion of only one of the
three possible subcarriers. and you must make the
choice when you place yam order.

The ELF-Il has a tuning control that allows
subcarrier selection, sa for the scanning hobbyist,
this is the best way to go. The slightly degraded
tonal quality of the ELF-Il is probably not audible
from a scanners speaker, anyway.

The ELF-Il SCA adapter kit consists of an etched
and drilled printed circuit board about an inch or
sa square, a 14-pin IC, and about a dozen
resistors and capacitors.

The kit does not incl ude a secket for the IC sa I
suggest you add one rather than salder the chip in
place. Radio Shack sells them.

The ELF-U is easilv assembied within a half hour
or sa , and special techniques are not necessary .
The kit includes a trimmer potentiometer to be
instalIed on the circuit board. but I suggest that
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you leave it out and install a comparable pot on the
exterior of your scanner. That will allow you to
easily tune the subcarriers.

There's na significant power dissipated, sa any
25-1ook pot will do, whether linear or audio
taper.

SCA <FOR'THEPRO-2P04,PRp-2CfpS, · .
AND PRO"2006 .

The ELF-Il board is best installed inside the
scanner away from the power transfonner and the
speaker where it could piek up interference.
Otherwise, location and positioning are not
critica!.

The ELF-Il board has four wires or external
connections: +8V, ground, SCA-IN, and SCA
OUT .

A DPDT switch (toggle or slide) or a DPDT relay
and an SPST are required to complete the project,
sa that you can switch between regular FM
programming and SCA as desired.

The switch and the three-wire tuning control are
the only necessary extemal control s, and they can
be installed wherever convenient.

The ELF Kit instructions are adequate, but it is
suggested that even if you buy the kit you follow
my guideline s for home-brew construction. See
Figures 5-1 and 5-2 .

ROLI.YOUR OWN. SCA AQAPTER!

(Thanks to FM Atlas mul Bruce Elving fo r the
circuit.i

If you are competen t with electronie parts and
soldering, you can whip up your own SCA
detector board (just like the ELF-IJ) at low cast.

A orinted circuit board is preferred, but you can
use "perfboard' with point-ta-point wiring for
similar results.

Refer to Figures 5-1 and 5-2 for schematic
diagram and installation hints for the PRO
2004/5/6 scanners. Differences between the
scanners are noted in the figures.

There's not much that' s spec ial about this simple
circuit. but a few of the parts are critica! to proper
operarion , suc h as the FSK De~nodulator/Tone
Decoder chip that 's the heart 01 the SCA adapter:
the XR-221 1CP.
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It's made by:

EXAR Corporation
2222 Qume DrivelPO Box 49007
San Jose, CA 95161-9007
(408) 434-6400, FAX (408) 943-8245

I have used 2211 chips from other manufacturers,
as weIl, but Exar' s is domestic and therefore,
preferred.

The XR-2211CP is available from national
electronic distributors and is not difficult to find,
but contact me on my BBS if you can't locate a
supplier.

You'll need a method to switch the SCA decoder
in and out of circuit. A simple DPDT switch will
work just fine, but a DPDT relay might even be
better for some applications.

I like to install a DIP switch block on the front of a
scanner, with each switch segment dedicated to
the control of something specific. There is no
room on the front panel of the PRO-2005/6 for
any serious switches and I absolutely loathe
reaching in behind my scanners to fumble for a
switch.

DIP switches are easy to install on the front panels
of most base scanners, by means of a mating DIP
socket. DIP switches, however, are the SPST
variety and worthless for the DPDT needs of the
SCA adapter. Yet, a single DIP switch segment
can feed power to the coilof a DPDT relay to
accomplish the intended effect. A small relay will
fit somewhere in the scanner that' s out of the way.

PARTS D'SCUSSION

C-5 is one of the more critical parts in the SCA
adapter and should be the mylar type for best
results. Radio Shack doesn't ordinarily stock
mylar capacitors of this size (.001 IlP) but their
"Hi-Q" ceramic disk capacitor might work. C-6
isn't critical as to type, but the value should be
within the range of 220-270 pF.

The total series resistance of R-2 and R-3 sets the
tuning factor for the desired subcarrier. Minimum
resistance is probably more critical than
maximum, so R-2 should be not less than 4.7kQ
nor more than 8.2kQ. R-3, the tuning
potentiometer, may be any value from 25kQ to
100kQ (50kD works for me).

If you are in the mood for experimenting, you can
substitute R-2 with a lOkQ precision trimmer
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potentiometer, initially set to about 7kQ. R-2 sets
the upper tuning range limits of the SCA detector,
but toa low a value might blow the chip, sa be
careful.

C-4 should be O.IJ.lF, but C-3 can be considerably
higher since it' s just for decoupling. LED-l is
optional and not necessary, but is useful as a
visible tuning indicator for center-frequency.
LED-l can be left out, with pin 5 not connected, if
you like.

R-4, R-l, R-5, C-l, C-2, and C-7 are not critical,
but don't go hog-wild with substitutions.

INSTAI..I..ING····•.•·THS·•••••SCA.···••·ADAPTER

See the above discussion of the ELF-U kit from
FM Atlas and the figures for conneetion hints to
the PRO-2004 and PRO-2005/2006.

PRO-2004. My procedure deviates from the
ELF-U kit instructions for the PRO-2oo4. I
recommend that you mount the ELF-U Board
anywhere that's out of the way. Remember: you'll
be making lots of modifications, and you don't
want to use up valuable "real estate" without a
plan. You'll want to install a DPDT switch or
relay and a 25-1OOk potentiometer somewhere on
the case of the scanner. A mini trim pot fits just
inside the faceplates of the PRO-2oo4/5/6 with a
screwdriver access hole.

The SCA-IN tap in the PRO-2oo4 is at IC-4, pin
2. Just salder the wire from SCA-IN directly to
pin 2 of IC-4. Cut the RED wire at CN-4 and wire
the two cut ends to the SCA Switch as shown in
Figure 5-3.

Wire the SCA-OUT to the switch or relay as
shown. Power for the SCA Board should be
tapped from the emitter of Q-32 in the scanner and
routed to the other section of the switch or relay
befare going on to the SCA board.

The ground lead on the SCA board can go to any
scanner ground. Salder three hookup wires to the
three points for the SCA tuning control and
conneet those three wires to the potentiometer you
installed, pin for pin.

HINT: îf you study the foils around those
three holes for the trimmer you 'Il discover
that only two wires are really necessary. If
that confuses you, use three wires; it' s no big
deal.
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PRO-200S and PRO-2006. You guys have it
a little easier. Mount the SCA board anywhere out
of the way . Install a DPDT switch or relay and a
25-look potentiometer somewhere, probably on
the rear case of the scanner.

The cri tical SCA-IN tap in the PRO-200512oo6 is
at a small circuit trace that comes from IC-6 , pin
10. Just follow that trace (viewed from the top
side of the board ) for about an inch , to where it
terminates at an "unused solder pad." Solder
hookup wire from this pad to the SCA -IN terminal
on the SCA board.

Power for the SCA board is taken from the emitter
of Q-32 and routed through one section of the
switch before going on to the SCA Board.

The ground lead on the SCA board can go to any
scanner ground point Now locate CN-5 on the
left-rear Main Board. There is a cable bundIe that
goes from CN-S to the VOLUME control on the
front of the scan ner.

Locate the RED wire at pin #3 of CN-5 and cut it
at a point halfway between the connector and
where the red wire disappears into the cable
bundie sheath. Strip and tin the two cut end s and
then splice a hookup wire to each.

Be sure to insulate the splices, preferabl y with
heat shrink tubing. Route these two hookup wires
to the vicinity of where the switch or relay will be
installed .

Solder three hookup wires to the three spots on
the SCA board for the SCA Tun ing control and
conneet those wires to the three lugs of the new
potentiometer, pin for pin, on the rear case of the
scanner.

Again, two wires will get the job done if you
study the foils around those three holes for the
trimmer.

Now, let' s take a look at the ELF-U schematic. in
Figure 5- /.

Figure 5-1: Sch ematic, SCA adapter

+

C-1 = 470-pF
C-2 = 470-pF
C-3 = .1-uF
C-4 = .1-uF
e-s = .001-uF Mylar
C-6 = 270-pF
C-7 = .01-uF

PARTS LIST - ELF-U
R-1 = 4.7-k
R-2 =8.2-k
R-3 = 1Ook to SO-k
R-4 = 68-k
R-S = 100-k
U-1 =XR-2211CP

LED-1 = Any color LED
(Tuning Indicator)

SCHEMATIC DIAGRAM
SCAADAPTER

Use the LED as a fine-tune
indicator; brightest when on
center-frequency!

LED-1
SCA

I-;: Audio Out
~7 / .·.:î

SCA Tune
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PRO-2035
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CID Indicates partsthatarecriticalto proper operation
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Figure 5-2 SCA installation hints

+8 Vdc

Emitter of 0-32 Normet

~ €)

L--e

+
Power

(··· ·· ····· 1············)
SCA Adapter; Inside top area

tnstelteûon I of scanner
Area

::::l-:--------t-----------<:)",.
oPOT Switch
or relay

PRO-2DD4:
IC-4, Pin 3

PRO-2DD5/6:
IC-6, Pin 2

PRO-2D35
IC-5, Pin 10

PRO-2DD4: CN-4, Pin 1
PRO-2DD5/6: CN-5, Pin 3

PRO-2D35: CN-5, Pin 1

Wh ite
Wire

Shield

ELF-I! Cable to Receiver
VOLUME Control

SCA In SCA Out 1--_---' ' .

SCAAdapter

Board
Pin 5

Ground of IC-1

SCA Tune
Install in front
or rear panel

, .
- . - .~-- -:.. -..-,

Install in front panel

LED

=

Ta Vol j
Control

-, I. . _ . _ . _ . _ . _ . _ . _ . _ . _ . _. _ . _ _ ._ . _ . _ . _ . _ . _ . _ . _ _ . _. _. _ . _ ._ . _ . _ . _ . _. _._ . _ . _. _ . _ . _ . _ . _ . _. l . _. _ . _ . _ . _ . _._. _ . _ . .

QTIfEI:I.··.$CJlNI1€IiS
The SCA adapter is a simple board (see Figures
5-3 and 5-4) that can be successful\y installed in
almost any scanner or radio that covers the FM
broadcast band, such as the Regency Z-60 and the
Reali stic PRO-2003. There ma y be others.

You can contact suppliers of SCA adapter kits,
and mention the type of scanner or receiver you
have and ask whether they offer guidance or
explicit installation instructions for your unit.

If your scanner doe sn 't cover 88-1 08MHz, forget
it, or install the SCA Adapter in a consumer FM
receiver per the kit supplier's dire ctions.

YE7;'ANOTHERWARNING"

Remember - it is illegal to monitor an SCA
transmission without the permission of the
broadcaster. Whether or not you have that

permisssion, so far you have done nothing
wrong. You've built the SCA unit, but haven 't
turned it on. Now, if you have that permission ...

QPERJl"('QIII~ ::~IMPI.• . ,,;; :.y. '·'. e;.,:;::':
Program your scanner for an FM braadcast signal
known to have SCA programming. Keep the SCA
switch üFF until you've tuned in the station.

Flip the ATT switch on the rear of the scanner
(PRO-2004/5/6) back and forth between the 0 and
-10dB positions and select the position that
produces the best reception of the regular FM
signal ,

Then flip the SCA switch ON and adjust the ?CA
Tuning Control unt il a signal pap s in. 'Yhen ~n the
SCA mode, you'l\ hear all kinds of weird noises,
and mavbe even some very distorted signals as
you adju st the SCA Tuning Control . When you hit
a subcarrier, though , there will he no doubt that
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you've done something right. That's SCA~ You
may have to turn the VOLUME up a little higher
than normal. Fine tune for the clearest reception to
enjoy commercial-free programming.

If you like , flip the SCA switch ON and OFF to
ensure that you're receiving two different
programs.

Now and agam, especially with Muzak'"
programming, there will be occasional silent
pauses for up to 90 seconds, but a typical pause is
about 10 seconds.

Figure 5-3: Both sides of SCA board
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You see, technical people tend to talk more
openly, at least in my experience, so that' s where
you will probably strike oil.

Of course, you can just mail a stack of permission
requests to every station in range, and as you
receive replies. you'll learn which ones offer it.

There is another resource to draw upon: the FM
ATLAS AND STATION DIRECTORY, available
from sourees that provide ELF SCA Adapter Kits.
It will be a great addition to your radio library if
you are an FM-DX nut or an SCA freak.

WHQDOES''l'?

How can you leam which FM stations offer SCA
programming? There won't be a program list in
your local "Entertainment Guide," that's for sure.

You could call the stations. H's possible that only
the station engineering and managerial teams
know anything about SCA, so if a station
receptionist gives you a bland reply, ask for an
engineer or manager. Your best answer will
generally come from an engineer, and not just
because he knows more about the technology.

SUCCESS!

So, you finally have SCA bragging rights, and
can actually pump Muzak" into your bathroom
just like a department store! You might also find
some audio novels for the blind, sports and
weather information, and a few other things that
are even more interesting than elevator music.

And remember... it's not that SCA is so
fascinating. A scannist like you simply wants
anything penetrating his personal ether to be
available for monitoring.



Just in case you 're skeptical about the value of the pin-line concept, take
a look at these extreme examples, There sirnply is no better, cheaper, or
more effective way to get such things done!
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ItI"Ii:EJ,.l..fGENCE .FORPRO"~004151S

al1d·••·•• •• PRO;2035
Here's a great (and easy) mod that lets the PRO
2004/5/6 and PRO-2035 recognize worthless
computer data and other single or multiple tone
signaIs. After pausing on unwanted signals for a
second or so, it resumes SCAN or SEARCH.
Intelligent!

This modification may resembIe a Tone
DecoderlRejecter, but they're different circuits
with different functions.

The Dataffone Squelch can serve in a limited
capacity as a Tone DecoderlRejecter (TDR) but it's
designed for the broader need to discriminate
against many forms of non- voice signals and not
just one specific tone.

Another difference is that the TDR will work in
most any scanner whereas the DATA/TONE
SQUELCH is only for the PRO-2004, PRO
2005, PRO-2006, and PRO-2035.

I am seeking ways to apply it to other scanners,
but for now , it is for only those scanners that were
manufactured with a SOUND SQUELCH
function. The DataITone Squelch will hereafter he

, referred to as "DSQ," while Sound Squelch will
be called "SSQ."

FEWER •• 1..0CKOUTS!

One impact of the DSQ is that you no longer must
loek out those Trunked Data Channels when
you're monitoring 800 MHz SMR! Those data
channels usually change every day, which makes
manual LockOut programming a real chore.

A scanner equipped with my DSQ circuit won't
loek onto those obnoxious signals, including
cellular data, continuous tones, DES/DVP,
Improved Mobile Telephone Service (IMTS)
tones, digital pagers, and most other non-voice
signaIs.

My DSQ wi1l even discriminate against statie. In
other words, it discriminates against all but two
kinds of signaIs: voice and silent (dead) carriers!

The latter is okay, because the resident SSQ
function takes care of silent signaIs. In fact, my
DSQ works with the SSQ but is independent in
every way except that the Sound Squelch button
on the front panel activates/deactivates both
functions. Two SPST switches can provide
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separate control of SSQ and DSQ if that ' s
important to you. Construction and installation of
the DSQ are within the ability of most hobbyists
who have learned which end of the so ldering iron
to grab.

AD\fIç~:, ;You~houldhave. the.Service
N(9nuallp~YPul",scanner,before..doing .any
modijjçq#0rt.()r4f!t'directly from ,'Tandy
National;1?ätfs(J(/nter,at (800)442~2425. "

CONSTRIJCT:ION

BuiJd the DSQ circuit on perf board that' s about
I " X 1.S" - though smaller is fine if you' re good
at micro circuits .

Refer to Figure s 6-/ through 6-6. Use an IC
socket (XU- I) for U-I , but don 't plug in U- I in
unt il the board has been fini shed and checked for
errors .

Don't install C-1 yet, but keep it handy - you'll
see wh y as we go on . Note that pin s 1,6,7,8 ,9,
10, 11, 13, and 14 of U-I are unused. Snip those
pins from XU-1 befare inserting the socket into
the board.

Figure 6-1: Mounting an accessory board

Pertboard holes , or
drilled holes in PCB

Salder here

Attach a stiff bare copper wire (# 18 ga) to the
ground trace of the board, as in Figure 6-1.

Loop it through the holes in the perf board, pinch
it down for rigidity and then sa lder it to the main
ground trace of the DSQ. Leave about 1 inch of
this bare wire free. It will simplify installation of
the DSQ board inside the scanner.
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Salder a RED hookup wire to pin 3 of XU-1.

Salder a YELLOW hookup wire to the junction of
D-1 and D-2.

Salder a WHITE hookup wire to the anode
of D-4.

Salder an ORANGE wire to the cathode of D-4.

Salder a BLlJE wire to the cathode of D-3 .

These wires should he 8-10" lon g, and will be
routed and trimmed later.

Construction and layout are not critical and can
vary from my suggestions , wh ich are about as
simple as possible and involve na loops, jumpers,
or other weird wiring techniques . Make your
board as small as practical. though, sa that it
won't tak e up toa much space inside the scanner.

You may be doing man y modifications in the
future, sa space might become vaJuable . Install the
DSQ board in an out of the way pJace, though
VR-1 shou1d be accessib1c for initi al adjustments .

The bare ground wire on the DSQ board can he
soJdered to the chassis or to a printed circui t board
ground trace , thereby making the mount much
easier. This bare wire can be bolted to the chassis
if you don 't have a heavy duty soldering gun.
Once soldered or bolted, this sti ff wire should
make the DSQ board relati vely immobile.

PRO-2004 ONLY: Salder the (+) leg of C-l
directly to IC-S , pin 14.

PRO-2005/6 ONLY: Solderthe (+) leg ofC-1
directly to IC-S, pin 7.

PRO-2035 ONLY: Salder the (+) leg of C-I
directly to IC-6, pin 14.

PRO-2004/S/6/2035 ALL:.--
Salder the free end of the YELLOW hookup wire
to the (-) leg of C-1.

Salder the BARE ground wire to the chassis or a
circuit ground in the scanner.

Salder the free end of the RED wire at pin 3 of
XU-I to the O UTPUT leg of IC-8 , the +SV
regulator on the main chassis of the scanner.

JC-S is the same in all four scanners, PRO
2004/S/6 and PRO-203S .

PRO-2004 ONLY: Lo cate CN-S04 on the
Logic/CPU board, PC-3 , and follow its wire
bundIe back to the top of the main receiver board.
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Locate the sky blue wire that connects to the main
board at the right end of the row of wires , and
desolder that wire from the board.

For identification, thatwire comes from pin 15 of
CN-504. Let it hang loose until needed.

PRO-2005/6 ONLY:

Locate CN-3 on the main receiver board and
follow its wire bundle up to the Logic/CPU board.

Locate the sky blue wire that connects to pin 4 of
CN-3. Clip that blue wire halfw ay between CN-3
and the Logic/CPU board. Let the two cut ends
hang loose for a moment.

PRO-2035 ONLY:

Locate CN-3 on the main receiver board and
follow its wire bundIe up to the Logic/CPU board .

Locate the light blue wire that connects to pin 5 of
CN-3. Clip that blue wire halfway between CN-3
and the Logic/CPU board. Let the two cut ends
hang loose for a moment.

PRO-2004/5/6/2035 ALL:

Install two SPST switches of your choosing in a
place of your choosing on the scanner's front or
rear panels. For rear panel installations, Radio
Shack's micro-mini toggle switches, #275 -624,
will be just fine.

These switches can also be put into the front
panel , and this isn't difficult to do on the PRO
2004 where there is plenty of room. It is more
difficult on the PRO-2oo5/6/2035 where the
Logic/CPU board must first be removed.

One neat choice of switch for any of the PRO
2004/5/612035 is a 4, 6, or 8 position DIP switch.
Extra switch positions will be useful on other
mods - they won 't be wasted!

PRO-2004/5/6/2035 ALL:

Salder the ORANGE wire of the DSQ board to the
bottom lug of one switch. This switch will control
the stock SOUND SQUELCH (SSQ) function,
ON or OFF.

Salder the BLUE wire of the DSQ board to the
bottom lug of the other switch.

This switch will control the new DAT A/TONE
SQUELCH (DSQ) function, ON or OFF .

Salder a bare jumper wire from the free lug of one
switch to the free lug of the other switch.
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PRO-2004 ONLY: Salder the sky blue wire
that was removed from the main board to the bare
jumper wire between the lugs of the two switches.

Salder the WHITE wire of the DSQ board to the
empty spot on the main scanner board where the
sky blue wire was removed. This completes
installation: Proceed to "Adjustment of VR-l."

PRO-2005/6/2035 ONLY: Splice the WHITE
wire of the DSQ board to the cut sky blue wire
that goes to eN-3 of the main scanner board.

Splice one end of a hookup wire to the other cut
end of the blue wire that goes to the Logic ICPU
board in the front panel.

Insulate the splicesl Salder the other end of this
new hookup wire to the cornmon bare jumper wire
between the top lugs of the two switches.

ALL: This comp!etes your instaJlation: proceed to
"Adjustment of VR-l," next.

ADJU$TMENT>PF.VR-t

PRO-2004/5/6/2035 ALL:

Push the front panel SOUND SQUELCH button
ON. Turn the SSQ OFF and the DSQ ON. Attach
a voltmeter's (-) to ground and its (+) to pin 5 of
U-I. Tune the scanner to astrong and noisy data
channel or to a loud, single tone carrier. Cellular
or trunked data channels are ideal!

Measure the DC voltage at pin 5 of U-I (4.1 to
4.5V typical ). Calculate 80% of that voltage; then
put the voltmeter at pin 4 of U-I and adjust VR-I
for that 80% level of the above measurement. It's
typic aJly between 3.6 and 3.8V.

The exact adjustment isn't critical, but if set too
low, voice signals will resume SCAN or
SEARCH. If it's too high, data and tone signals
won't trigger SCAN/SEARCH RESUME.

Another way to find the optimum setting is to put
a voltmeter (+) on pin 2 of U-I and (-) to ground
and tune the scanner to a cellular or trunked data
channel.

Adjust VR-l, first one way and then the other,
and then to a point 50 that the voltage on pin 2 of
U-I just achieves a steady +5V. It takes a stable
+5V for about one second to trigger the
SCAN/SEARCH RESUME function , but don't
adjust VR-I any further than necessary to stabilize
the DATAlTOl\;'E voltage at pin 2.
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t:)1!c'R4TîON Ia...·TECHNICAI. ···NOTES
Remember that the SOUND SQUELCH button on
the front panel must be ON before either SSQ or
DSQ can work. The SOUND SQ UELCH button
is kind of like a master on/off switch and the two
SPST switches control one, the other, or bath.

Voice signals will cause the scanner to stay locked
as normal until the signal goes away . Minor
adjustment of VR- I may be necessary for
optimum results , but the final setting will produce
a voltage on pin 4 of U-lof about 80% of the
peak voltage on pin S of U- I.

The DC input signal at pin S of U-I will be nearly
zero on silent or quiet signals and about 4-4.SV
with data and continuous tone signaIs. Pin S will
show a very erratic and rap idly changing voltage
from nearly 0-4V or sa for voice signaIs.

The DC output voltage at pin 2 of U- I will be
nearly 0 on silent or qu iet signaIs, and will be a
steady +SV with data and continuous tone signaIs.
Voice signals wil1 cause a rapid fluctuation of the
signal between O-SV at pin 2 of U-I .

When the SOUND SQUELCH button is off,
neither SOUND nor DATA SQUELCH wi11
operate and scanner operation will be "s tock."

IN'CASEOFtDlIffFJCUL TV
The most critical parts of this mod are the rectifier
circuit consisting ofD-l , D-2 , R-l, R-2, C-l , and
C-2, and proper pin wiring of the LM-339 chip.
Make sure the diode polarities are correct - the
banded end is the cathode. Make sure polarities of
capacitors are correct.

Tune to astrong, obnoxious cellular (879-881
MHz ) or trunked data channel (8Sl -866 MHz),
and measure the DC voltage at pin S of U-I. There
should be between 4 and 4 .S volts . You won 't
measure "too much ," but not enough is possible.
If so, check the wiring.and components mentioned
above.

Next most critical is the polarity and wiring of the
two isolat ion diodes, D-3 and D-4. Last but not
least is the wiring of U- I.

The circuit is sa simple and affirmative in its
action that you're not likely to encounter trouble if
you follow these instructions.

Some PRO-200S (not PRO-2oo4 or 2006 or
203S) may have a chirping or warbling, morse
code type of sound on quiet channels after this
mod has been done. If yours exhibi ts this weird
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sound, change C- I from 1.0 JlF to 0.1 JlF, Radio
Shack #272-1432.

If the "tweet" is still there, then solder a 1000 JlF
capacitor (RS #2ï2-1 032) directly to pins 4 and
11 of IC-S in the scanner.

Pin 4 should get the (+) lug of the capacitor while
pin 11 gets the (-) lug. Thi s is a pecul iar problem
in sorne PRO-200 5's, but it's easy to correct if
you encounter it.

·' II.TRO TO···THEORIES
To understand the simple operation of my
DATA!fONE SQUELCH, it is first necessary to
understand the PRO-2oo4/S/6's SOUND
SQUELCH (SSQ) circu it on which we will
"piggy back" the new DSQ circuit.

The circuits are identical among the PRO-2oo4/5/6
scanners but circuit symbols differ. 1 use a simple
scheme for this discussion. P4 means PRO-2004,
P5/6 means PRO-200S and PRO-2006, P35
mean s PRO-203S, and p* means ALL.

THEORYOFOPERATION·OFTHE
Sj$ÛiiDSQÛÈLCil ··
A weak portion of the receiver's audio is sampled
at the detector and amplified through IC-S (P*) .

The highly amplified aud io is fed from ICS (P4,
pin 14; P5/6, pin 7; P35, IC6, pin 14) to a
rectifier network (P4, D-41 and D-42; P5/6,
D-43 and D-44; P35; dual diode D-41).

Th is rectifier network converts audio signals to a
DC level proportional to the level of the audio
signal, and is used as a bias to a switching
transistor (P4, Q-21; P5/6, Q-19; P35, Q21 ).
Most audio signal s are strong enough to turn the
transistor on while very weak or silent signals
keep it off.

When the transistor is off , 5V is on its collector,
but when the transistor is ON , the collector drops
to nearly 0 volts. SV and OV forms the logic
differential requ ired by the CPU for making
deci sion s.

The collector of the transistor is fed directly to the
CP U (P4, IC-S03 , pin 24; P5/6 , IC-SOL pin 18;
P35, IC-SOl , pin 34). When the SOUND
SQUELCH button on the front panel is set to the
ON position and when CPU's SSQ pin is at OV,
the scanner SCANs or SEARCHes as normal,
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locking on any sign als that break the sque lch,
Similarly, when the SOUN D SQUELCH button is
off, the CPU' s SSQ pin go es 10 ground , which
keeps it at zero volts. no matter wh at.

When the SOUND SQUELCH button is on, and
when the scanner encounters a silent or
unmodulated carrier, then the tran sistor di scu ssed
above gets tumed off and a 5V level on its
collector is fed to the CPU' s SSQ pin . 5V on the
CPU's SSQ pin makes the scanne r resume
scanning within a second or so afte l' stopp ing.

As long as there are voices or other audio signals
present, the CPU's SSQ pin wil! be "OV low" and
operation is normal. When that pin goe s "+5V
high," the CPU is programmed to resume
scanning or searching.

THEORYOF OPERATION OF THE
DA TAITONESQUEL.CH

Since the C PU's SSQ pin rcs po nds o nly to lo w
an d high log ic and reall y doesn 't know the
differe nce between vo ice and da ta. we can
generate a separate bu t opposite logic circui t to
make it discriminare against tones and data in the
same \vay the SSQ disc rim inatos against silen t
camers .

.-'\!1 we need is a c ircu it that scnds a " high" to the
CPU's SSQ pi n in the presence o f stre ng.
sustairred audio s iana ls such as data or continuous
tone s. My DSQ d; cs th is nice ly, thank you , si nce
voice signals are erratic, vary ing , an d not at all
like data or continuous tones. C-I of om circuit
sam ples the same audio as the SSQ but passes it to
a new rectifier circuit, D-I and D-2. which with
R-I, R-2 , and C-2, creates a DC sig na!
proport ienul to the level of the aud io signal,
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This DC signal is fed to pi n 5 of U - I , a Voltage
Comparator IC. The reference voltage is adjusted
by VR- I, and fed to pin 4 of U - I.

As long as the DC signal at pin 5 is less than the
refe rence signal at pin 4, the output of U-I at pin 2
will be zero volts "low.' When the DC signal at
p in 5 exceeds the reference voltage at pin 4, the

I output of U- I , pin 2 , will go "h igh" to +5V.

Th e output of U-I , pin 2, is coupled to the CPU
via isol ation diode D-3. A "high" tells the CPU to
make the scanner resume SCANning or
SEARCHing while a "low" does nothing out of
the ordinary.

When VR-l is correctly adjusted, the output of U
1, pin 2, wilI never go "high" long enough to
tr igger the CPU unless data or continuous tones
are present. Strong voice signa Js may make U-I 's
output go high mornentarily, but the interval will
not be ion g enough to trigge r the C PU unl ess the
talk er does an extended "A hhhhh" into the mike,
because ab out 0.5 to I second is required befare
the CPU will trigger.

M ost voice s ignals of in terest will no t send a
leng thy "high" to the C PU. but continuo ns tones
and da ta w ill ! Th erefore, rny D AT AffONE
SQ UELCH works like . thou gh oppo site to ,
SOUND SQUELC H .

Isol ation d iodes D -3 and 0 -4 . allo w the SOUND
SQUELCH and the DATAJTONE SQUELCH to
wo rk simultaneously or either at a time, and no t
in terfe re with each oth er.

Dopending on the setting of the individual DSQ
and SSQ sw itches. the scanne r will resume
SCANning or SEARCHing wh en it encounters
dat a/tone signals, and silent carriers will not be
affected by voice signals!
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Table 6-1: Parts listfor DSQ circuit

Cheek": The Ultimate Scannt>r

CKT
SYM

C-1

DESCRIPTION

1 C /3~ \ " I I~ ; , 0 / lan aum...

RADIO
SHACK #

.............. ....................#272-1434

C-2 2 .2 ~l. Fi3 5V lanlaium....... .... .. . .. .. . . #272-1435

D1..:i 1N41 48 or H~914 switching diodes #276-1"22

R-l 39G-ohm " " , #27·1-018

F~-2 12k.: use 10k and 2.2kin senes ff needbe

R-3 3.3k ohms " , " . ." #271-1328

Li-"1 LM-339comparator #276-1712

'.fR.-1 10f< ohm trimpO! . .. .. . #271··282

XU-l iesecket. 14-pin DiP, for U-i above #276-1999

f\;1isc Pertboard " , ,#276-1395

wre: #278-776 or #278-?75 bes!

;:.:"i!',t,' .n·.,. (:De,:T toocle switc...., .....=,·.·.L,"' 7.: 0.J.. )' ·1.- ..f .,...... ~ .... '....;1 V ' \ ..., v V , v i; .. . . . , . , • • . " . , .... . . . .... _

* Not avaiiabie at Reoio Snack

Fig ure 6-3: DS Q perfboar d, comp on ent
s id e

Fig ure 6-4: D S' Q p er fb oa rd, sa lder side
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Figure 6-5: DSQ schematic

SSQ
S-l

D-4
D-3

Blue

Om

DSQ
S-2

+Sv

White

See ten for
adjustment of
VR-1

Red

Ground

Splice

Yellow

<,--- ..----.---.---- BUILD THIS CIRCUiT

i Sky
Blue

X cut

/ PRO-2004: CN-S04, Pin 15
.>' PRO-200S/6: CN-3, Pin 4

/~PRO-203S: CN-3, Pin 5

o

Scanner
Ground~---......--~~~~-~..._.- ....--....-----J

(All)

SCANNER
CPU

Logic/CPU Boord

Ir"
LMain ReceiverBoord

PRO-2004: Q-21
PRO-200S/6: Q-19

PRO-203S: Q-21

!\brr
C-l

PRO-2004: IC-S, Pinl4 ~'!;•..' +
PRO-200S/6: IC-S, Pin 7
PRO-203S: IC-6, Pin 14

SC_ANNER CIRCUITRY
+5v Reg
OUT Lead

of IC-8 ~<-,---------.-----__it__--_..-_
(All)

, Sky
Blue

Typical
Circuit

Violet

NOTES:

SOUND
SQUELCH

1. R-2 seems best at obout 12-k. A 1Ook and a 2.2-k in series work fine.
2 This point is a rectified and filtered DC, proportional to AC input from Cl.

Voice srgnals produce an errotic, varying De unlike the steady 4+ volts
produced by data and continuous tone signais. A voltmeter will prove this out.

3. Cl should be soldered directly te IC-S. Use a yellow hookup wire to the DSQ.
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Figure 6-6: PCB details

DSQ installation - A

DSQ installation - B



Data Tone Scwelch

Figure 6-7: DSQ part location/layout
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MORE INSTAI.I.ATION NOTES

Fi gures 6-6 and 6- 7 show a DSQ installation in a
PRO -2006 . The DSQ board is rnount ed above le
s. Q-32. and j ust for ward of T-8 0 I.

T he stiff ground wi re of the DSQ board is bent
straig ht up fro m the board. looped ov er the top of
the chassis side wa ll, and then so lde red to the side
for a solid mount and a go od ground .

The bottom of the DSQ board can be covered with
a layer of hot glue or e ven a few pointy dots of
silicone rubber sea lant to proteet it from sho rting
aga inst anything below in case it ge ts shoved
dow nward .

It wi11 ord inarily remain in position ju st fine if # 18
gauge grouncl wire is used fo r the mount. +5V
power ca n be taken fro m the O UT lug of IC-S,
iust below the DS Q boa rd .

The blue , orange, and white wires ca n be bun dled
and routed along a convenient path to thei r
respcctrve de stinatio ns . Wi re length IS not criti cal.

Th e DSQ and SSQ sw itches are insta lied on the
rear panel of the scanner. Any SPST typ e of
switch will do . Ju st instaII them where convenient
and o ut of the way . C-I sho uld be insta lled at LC
S and a yellow hookup wire looped around and
rout ed back to the DSQ board.

REA1.1.Y SMART!

Once installed. thi s accessory add s intelligence ,
allowing the unit to do its own signal selection.
Th at make s scann ing more interesting because a
higher percentage of audio will be meaningful.

Oh, yes .. .

Theres another little po int under the category of
" inte llige nce": operator brainpower. Befare
scream ing at me that this "e asy" mod doesn'i
work, even after yo u' ve checked everything
e leven times, take anothe r look at the SOUND
SQUELCH button on the fro nt pane l. If it s not
ON, neither SSQ nor DSQ can work.
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Restoring or adding cellular band coverage is the
scanner hack almost everyone wants. People who
do it are the target of government, manufacturers,
cellular telephone users, the cellular telephon e
industry, and other agencies and peoplewho
really should know better.

Despite them, I believe it' s legal to modify your
scanner to receive cellular, so long as you never
resell it. I said "legal to modify your scanner," but
I did not say that it' s legal to use it for that
purpose. This is another situation where it' s legal
to own something as long as it 's never used .

'THEJ LAWi.?;·····.·.······.···.·..··.····.····< .......c..••

There are laws pertaining to the reception of
cellular signals and to the sale of cellular-capable
receivers. Do NOT take my word for what' s legal
and what' s not. Everything I say about this topic
came from ethers just as unqualified as lam. If
you're willing ro risk your freedom based on

"high rumor" infonnation, go ahead . But don 't
blame the result on me.

It' s your respon sibility to investig ate these laws,
or consult with an attorney, and you should be
warned that some such legislation is Federal , and
some varies from state to state . As of this writing,
you probabl y can legally restore any blocked
cellular coverage in your scanner. If you listen to
cellular calls, however, you are violating the
Electronic Communications Privacy Act of 1986
(Federal), plus any applicable state or local law.

The Telephone Disclosure and Dispute Resolution
Act of 1994, Public Law 102-556, forbids the
importation and manufacture of cellular-capable
receivers, and became effective April 1, 1994.
That Act did not forbid the sale of existing
supplies of such scanners, nor did it addre ss the
cellular modifiable scanners already sold. It does
not seem to address the action of modifying
scanners, but it clearly stipulates that to be
certifieà (hence salable) , recei vers may not be
easily modified to support cellular reception.
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CELLULAR·MOD'FIABLE SCANNERS

The following is a list of scanners believed to he
cellular modifiable because 800MHz circuitry was
blocked at the factory, during production, and that
blockage can be reversed.

had this diode machine-soldered into its proper
spots on the top side of the board.

Several PRO-2004 's, however, hit the streets in
August and September of 1986, fully cellular
capable. Most were caught and "fixed' before
sale, though.

Here's a bet you can win. If anyone ever claims
that Radio Shack never sold a scanner that could
receive cellular telephone calls, just lay their
eyeballs on page 89 of their 1987 Catalog (No.
406) where the 2004 specs clearly state:

"Continuous tuning from 25-520MHz and
760- J300MHz."

The PRO-2004 was designed and huilt to be
cellular-capable, and a few hit the street as such.
Mo st, however. were retrofitted prior to sale and a
green addendum sheet to the instructions was
included. Yes, I have a copy of that, also.

MANUFACTURERS'RESPONSE

The manufacturers played it safe, and virtually all
interpreted "easily modified" as "impossible." If
cellular is important to you, forget any receivers
legally brought into the USA, or made here, after
April I, 1994.

Just one more reason why April Fool's Day is
aptly named...

AMATEUR RECEIVERS

In this discussion, I've avoided the "sorta-partly
capable" receiver sections of a variety of handheld
transcei vers.

One example will do for all: the original Alinco
DJ-580T, of about 1993. It's absolutely not a
scanner, but it scans. The design permits the
owner to easily find and clip a single blue wire,
which restores coverage of the cellular band.

Many similar products, aimed at the amateur radio
market, were as easily "rnodified."

CELLULAR.CAPA8LE RECEIVERS

A number of scanners were originally built with
800MHz coverage, and require no modification to
receive cellular. Some such receivers, available
only on the used market, are listed below:

J.I.L. SX-400 AOR-950
Regency MX-4000 AOR-lOOO
Regency MX-5000 AOR-1500
Uniden BC-SOOXLT AOR-2500
ICOM R-7l00 AOR-3000
IC OM R-7000 Yaesu FRG-9600
ICOM R-l ICOM R-9000
ICOM R-lOO Kenwood RZ-l

Yupiteru MVT-series

PRO-2004
PRO-2005
PRO-2006

PRO-2022

PRO-2026
PRO-2027
PRO-2030

PRO-2032
PRO-34
PRO-37
PRO-39

PRO-46 2

BC-S55XLT 3

BC-200XLT
BC-205XLT
BC-760XLT 4

BC-700XLTA 4

BC-S90XLT 4

BC-950XLT
BC-2500XLT 3

Regency 4030
Regency 1600

PRO-43 1

PRO-5l 2

PRO-23 2

THE PRO·2004 STORY

The PRO-2004 is absent from the above list,
because just as it was introduced in late 1986,
most units were recalled from the distribution
system, presumably to regional service centers for
addition of the cellular blocking diode. Clearly,
this was a last minute retrofit effort, because the
first wave of PRO-2004's to hit the stores had the
anti-cellular diode hand-soldered to the bottom
side of the Logic/CPU board. Later productions

Note J: Date of mfg code IA4, 2A4, xA3, xA2
(label in battery cornpartment), or na letter "A" in
the serial number.

Note 2: Date of mfg code IA4, 2A4, -A3, -A2
(label on back).

Note 3: Date of mfg code must not end in the
letter D, except for OAID.

Note 4: Date of mfg code must not end in the
letter D.
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Please check the footnotes, because sorne of these
model numbers were imnorted or manufactured
after the cutoff date . <111 (( therefore werc built as
"impossible to rnodify . Thus, sorne PR0 -43' s
are modifiable and sorn e are not . and thats truc of
several of these products.

For instanee. PRO-43' s importcd beforc March,
1994. are modifiable, \vhi!ë some brougrt in
during \1arch. and a ll the rcafter. are tmp ossib lc to
modify . Da te '::i~,d c >; - . '\ ::~ or -Pi.3 ;~tn d \)n ~ ~

i .'-\ 4 ~r! ~J 2/\4 ;] :_.~~ :.1. > S~. ~ ". being ~T;o ,~-til·ï;l ble .

The Cellular TeJephone Industry Associarion
(CTl A) and its mernbers told prospective cellular
re lephone users no t 10 worrv: " those scanners are
bci ng made illeg al ,- They were right .;

Congress meekl y fo llowed its ins tructi on s, and
thc result was the end of ccllular-capable scanner
p l\)d L~~ tio nlimportation . plus perralties for these
who l tsten.

RA710 N,4LIZA TIOM OR NATURA L
L..AW?

thvy had to d~~~\ i;;~~' ~ii ~';'~ ~l ; ;~l(:~\ ti;~ t rm;~l\~~\~Su:,
(close w"imoossible 0 ' at L'a~'!- \ !P,'" exnensive ' 0\. .- . .: . r ~ .... ... ~ ,. 1 I '~- . l Y ......l J ..' 1. ..... .... \ \". l

intcrcept those transmiss ieris. Or, it could cave in
to the pressure from the big-money peop le, once
again, and put the butden on the consumer.

A closing point, before we move on.....this
business of secrecy and privac y seems weird to
me. There are no laws to interfere with someone
listening to your conversations over a table at a
restaurant , or on a bus, train, plane, or anywhere
out in public. And theres no Federal restrietion
against listening to cordless phones and baby
monitors , which is really a whole new class of
eavesdropping. Why cellular?

It ' s a lot like guns ... when they're outlawed, only
crimin als and despots will have them . Someday,
only those with sinister intent wiII be able to
monitor your cellular conversations, and they will
do it easily. If that doesn't seem possible to you,
think of the now-infamou s "Clipper Chip."

Restricted access to the airwaves is not the answer
to security and privacy, but when laws are passed
that pretend to do this - look out, Bun ky! You
better watch over your shoulder when someone
wants to proteet you... or your privacy.

j " . '

.... '

T:H.,li"(:T;IA.
Then the secret was out: celluiar telephones really
were not private after all. An outcry from the
cellular user community coupled with a powerful
lobby by the cel1ular industry managed to push
through today' s law that eliminates cellular
capable receivers, period .

'TH E IUR7 H OF THE CELL~Jl.f! ff

CRAZE

O ther man ufacture rs füllu \'ve d Rad io S nack ~ s lead
and delibcrately blocked cellular coverace in their
scan ners. In most cases. the "undo' is ~s eusv as
pie, thereby proving that the rnanufacturers' intent
was to be able to say they did not offer cellular
capable scanners. It worked for seven years.

The cellular industry went on deceiving their
cu storners, promising privacy and security of
communications. Government wasn' t interested
after it had washed its hands with the ECPA of
1986. And, manufacturers were delighted that
they could bum both ends of the candle. (Peddling
"private" cellular telephones and scanners capable
ofbreaking that pri vacyl ) Everybody was happy
until the scanner market boomed and became
something of a Page Two headline.
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ö,."".,.8CE.....UI..AR.·SCANNERS
lust ahead is a quick and dirty guide to the
liberation of cellular capability in the scanners on
the "list." Since this information has already been
published to one extent or another elsewhere, I
have skipped some of the gory details.

You really should have the service manual for
yam scanner anyway Cl insist on it), sa cut that
diode, or add that resistor, and be done with it.

Just don't LISTEN to cellular signais, okay?

CEL.LUt:AR COAfMUNICATION

Since my first two books were written, the cellular
frequency allocations have grown a little. The
initial base allocations were 870-890MHz. but
now are as follows:

System A (Common Carrier - non.Jeicol

Base Control 879.390 - 879,990

Base Voice 1 869.040 - 879.990

Base Voice 2 890,010 - 891.480

System B (Wireline - TeicQl

Base Control 880.020 - 880.620

Base Voice 1 880.020 - 889.980

Base Voice 2 891.510 - 893.970

Note: Cellular mobiles are exactly 45MHz below
the base frequencies.

Commg up m Figure 7-2 are the new cell site
frequency plans for yam reference (and use, if
CUITent anti-monitoring laws are ever repealed).
Thanks to Bob Gehri of the US Scanner News for
sharing this new plan with all of us. Those who
are computer spreadsheet aficionados can easily
create yam own reference document.

Otherwise, 1 have na objections if you want to
copy those two pages by whatever means, and
paste up the bottom charts alongside the top ones,
to make one reference sheet for each cellular
service provider.

While you're at it, you may as well make up sorne
blank sheets for notes to authenticate the charts
I'rn giving you.

ANALOGi VS. lJIGITl!L

Cheek3
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(CDMA and TDMA) will be of use only in those
markets where congestion is a problem, because
those technologies increase efficiency of the band,
permitting more users perMHz than analog FM.

And even where it's tough to get a channel (New
York City, Chicago, Los Angeles, etc.), there
must be analog cellular as weIl. What use is a
phone that works ONLY within a few miles of a
downtown office area? That's why GE, Nokia,
etc. call their ne west produets "dual-mode."

Technically, CDMA (Qualcomm) and TDMA
(almost everyone else) are "encrypted." CUITent
legislation makes it illegal to crack such signais,
sa if you were to intercept a digital cellular call,
and decade it, you' d get two demerits instead of
one.

CHANNEL ALLOCATIONS

It now appears that 20 or 21 frequencies are
assigned to each of 21 cel! sites. They're really
circular (with overlap), but it helps to understand
if you consider each cell a hexagon (Figure 7-1).

This creates a scheme with a minimum of two cel!
radii between any two eells share a frequeney.

Figure 7-1: Cell configuration
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Call it two buffer zones, if you like. In my first
book, I suggested a seven-cell arrangement, like
A-G, which offered a l-cell buffer between any
two identical cells. In retrospect, a l-cell buffer is
probably not enough under many conditions
where radio signals are free to travel without
hitting obstacles.

Thus, a 2-cell buffer is more logical and practical.
If this is the case, then 19 equally arranged cells
can be laid out to assure the minimum 2-cell
buffering. This leaves what I would call two
"spare" cells that can be brought into play for
emergencies or for difficult situations where 2-cell
buffers are not quite good enough.

Now please understand that for two reasons this is
conjecture on my part: one, cellular companies do
not casually release this kind of information, and
two, I don't listen to cellular. As a radio engineer,
I can suggest this is pretty close to the money, but
that each metro region will surely have a different
celluiar implementation.

Also bear in mind that cells can be reduced in
physical size when transmitter power is reduced.
Cell sites can control transmit (Tx) power from the
mobiles, so just about any concept is possible,
and I'm sure there are hundreds of different
implementations in use around the world. The
plan shown here is so flexible that it can serve
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highly congested metropolitan regions as weIl as
remote rural areas. If you are interested in
mapping the cellular implementation for your
region, then this information may help get you off
on the right foot.

There are several books on the subject, if it
fascinates you.

:MIIII'~;llglltlllll;l;]l;!m[j~)ilil~I'~ll~~tlll)i~ill{~:i

If you are interested in this sort of activity, then
you'll need a good S-meter with which to measure
and assess relative signal strengths. You'll not be
able to tell one cell site from another without one.
Even with an S-meter, your work is cut out for
you. There will be boatloads of data to gather,
organize and process. It can be fun, though. lust
remember that intercepting cellular signals is
probably against the law, so proceed only at your
own risk. I cannot accept responsibility for your
choices.

Next comes the eharts for typical cellular
implementations, as Figures 7-2 and 7-3.
Remember, by law, each community is served by
two cellular providers, one definitely NOT a
telephone company. After the charts, we get into
the hard core of hacking those scanners to liberate
the deliberately blocked cellular coverage.
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1. Mis-ha ck. Note the damage to the pin s and traces.

Don't make work for yourself (or for me!): be careful, take
your time, use the right soldering iron, and remember how
fragile some of these parts and boards can beo

2. Re-hack. Note the repaired pins and traces. Now it's a 25,600 channel
memory block that works!
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ENHANCINGFUNCTIONALITY..•

Well, he re we go .

I'rn about to show you the tools and give you the
know-how to stretch the capability of your
scanner. If it ' s a candidate for The Ultimate
Scanner, and you've already done the previous
enhance me nts, this chapte r wil! help you get lots
cioser to that goal, though your result will
probably smell better than mine.

We ' re now mo ving into the trunked and cel!ular
region s of the spect ru m . PLEASE do not use your
scanne r for illegal purpose s. For inst anee. DO
NOT use it for cel!ular monitoring in the United
States. On the other hand, owning a scanner with
blocked ce llular is like driving a Corvette with a
55 MPH go vernor.

Rem ember.my warnings? Be patient. Ge!
the service manual. Read th e instructions.
Read them again. Have a plan, so you
do" 't add hardware in a space yo u 'U need
for sosneth ing else. Double-check your
work. Check ie alle more time.

PRO·2004 - Possibly the best
scanner of all time (198S·1989)

Cellu lar: Cl ip or rernove D-S1 3, It ' s usual ly
located on the top of the Logic/C PU board in the
metal co rnpartment. but carly units have 0-5] 3 all
by itself on the bot torn (so lder-side) of the board .

No te: The foll owing add-a-diode rnodifications
will require you to be a little intuiti ve with respect
to where the new diodes are to be installed. Th e
empty spots are not m arked, but you can easil y
figure them out by fir st identifying those spots that
are marked.

It ' s as simple as a 2nd grade number puzzle:

3 4 6 7

Questio n: wh at numbers go in the blank spots?

Easy Speedup: Add a IN4 148 diode to the
empty spots for D-514. G ives a no-c omprornise
25 % spe edup of the SCAN mode . Pol arity
cornplies with that of other diodes in this row.

Extra 100 Channels: The PRO-2004 came
with 300 channe ls, and ano ther 100 are free for
the taking by adding a 1N4148 diode to the ernpty
spot for D-51O. The res u lt is 10 Scan Banks with
40 ch an nel s per bank, j us t like the PRO-2oo5/6.
There are no side-effects to this modo

Cheek3
: The U!timate Scanner

CPU U p gr a d e : NOLeasy , but "do-able." E arl y
product ion runs of the PRO-2oo4 came with a
CPU wit h a part number of GRE-0327. Later
produ ct ion run s use a GRE -0327A. The on ly
differcnce between them is the default cellular
search increment of 30kHz (later).

In earl y units , the 30kHz step covers the old
cellular allocation, 870-890M Hz and 825
84SM Hz, outside of whi ch the de fault step is
12. SkHz ! Later units step at 30 kHz over 868.970
894.000MHz and 823 .97 0-849.000M Hz, the new
cellular alloc ations that were implernented in the
middle of the 2004 ' s production run. If you have
an older 2004, you can remove the GRE-0327
CPU and replace it with a new GRE-0327A.

Th c chip is the large 64 -pi n DIP style and can he
rernoved fairly easily . Before insta lling the new
one, I suggest insta lling either a 64-pin DIP secket
or two .32-pm strips of pin-line soekets.

lVaming: Clip ping D-5 î I or add ing somethiu z
any where e lse \~'il te j ther accornplish nothing a t ~
all. or wil l dcgrade the perfo rmance of your
scanne r. Don' t be lieve e ve rything you hear...

PRO-200S - Good candidate ior the
Ultimate Scanner (1990)

A marginally-evolved PR O- 2004 with an inferior
case and keyboard. but easily mod ified :

Cellular: Rernove top cover. Immediately behind
the #3 key on the keyboard are two diodes
standing on end. Cl ip the exposed leg of D-S02
and spread the cut ends slight ly . Do NOT clip
0-S03 !

Easy Speedup: Add a lN4148 diode to the
empty spots for O-SO I. Gives a no- compromise
2S% spee dup of the SCAN mode. Comply wi th
polarity of other diodes in thi s row.

CPU Up gr a de? Yo u can repl ace the exi sting
CPU and clock resonato r, CX- SOI, wi th PRO
2006 parts, and cl ip BOTH diod es beh ind the #3
key. Be fo rewarned, how ever , thi s is one " ha iry"
job and not for the inexperienced or the fai nt-of
heart . I have done it se veral times, but won't do it
again for e ither lo ve or money .

Th is, and a couple of othe r changes can turn a
PRO-2005 into a PRO-2006, though . Study thc
schematics of both serv ice manuals if you ' re
interested in tackl ing the job.
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PRO·2006 - Outstanding starting
point forthe Ultimate Scanner
(1991.1994)

A substantially evolved PRO-2004 with an
inferior case and keyboard, but easily modiried.
For years, this was the most popular and most
hacked high-performance scanner in the hobby.

The PRO-2006 does have some electtonic
advantages over thc PRO-2004 and PRO-2005.
but the designs rem.un functionally the sarne.

Cellular: Rernove thc top cover. Irnmediately
behind the #3 kcy on thc keyboard are two diodes
standing on end. Clip the cxposed leg of 0-S02
and spread the cut ends slightly.

Easy speedup: Clip thc exposed leg of the
remaining diode. 0-503. and spread the cut ends
xlightly. Gives a no-compromise 2SClr speedup of
the SCAN mode.

Warning: Adding 0-50 I or 0-504 diodes will
either accomplish nothing at all. or will degrade
the performance of the scanner. Don 't believe
everything you hear...

PRO·34 - An old workhorse
handheld scanner, antiquated now,
but still usetul

Cellular: Spot weids. as cautioned in my last
book. are really not a problom. All circurt boards
and subassemblies are held in place by screws.
Work your way to the bottom layer (LOgIC/CPU
board) and clip an exposed lead of 0-1 J.

Speedup: Not "cusy' but this IS the tune to do It.

if vou must. Reelace CX-l with a 3.57I\1Hz TV
•.i J.

Colorburst quartz crystal. The case of thc crystu]
should be wired to the middle hole of CX-I
(ground).

Warnillg: Clipping or adding any other diodes
will accomplish either nothing at all, or will
degrade the performance of yam scanner. Don' t
believe everything you hear...

PRO·37- An evolved PRO·34, qu;c/dy
f'eplaced by the PRO·43

H's much the sarne design as the PRO-34; with
some improverncnts and circuit symbol changes.

Cellular: Same instructions as for the PRO-34
abovc, except cl iP an exposed leg of 0-13.
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PRO·39 -Ascaled downPRO~43

IYawn••••.}

Cellular: Onee you get down to the Logic/CPU
board, desolder the four 1egs of the rectangular
rnetal shield on the Logic/CPU board to access the
cellular diode.

Descider and rernove diode 0-6.

PRO·43 - Best handheld scanner for
the money (and. that might be three
toa many words)

The cellular and 54-88MHz procedures work only
with Date Codes of 2A4, 1A4, xA3, and xA2. It
probably wij] not work with 3A4 and definitely
not with 4A4 and up, nor if there is an "A" in the
serial number.

Cellular: Once you get down to the Logic/CPU
board, desolder the four legs of the rectangular
metal shield on thc Logic/CPU board to access the
cel lular diode. Carefully desolder diode 0-4 and
lay il aside for the next step.

54-88MHz Restoration: The original D-4
diode (you rcmoved to liberare cellular) is soldered
into thc ernpty spots for 0-3 , retaining the same
polarity orientation. This restorex 54-88 Hz which
ordinarily would not be worthwhile, cxcept for the
intcresting Utility Band at 72-76MHz.

Thc rest of this spectrum IS for VHF-Lo TV
charmels 2-6 and generally worthless. That Ute
band can be hotter than a $2 pistol at times,
though. A worthwhile mod, na side effects. when
you're cloing the cellular anyway.

Audio Improvement: The standard speaker of
the PRO-43 produces terrible audio. Ir can be
improved.

First, you can replace the speaker with a better one
from Tandy National Parts (800) 442-2425. Ask
for the neH' 500 mW replacement speaker. Thcy
probably wori't have the old one, but make surc.

Next, there is another reasonable approach to
improved audio in the PRO-43, considering the
mushy sounds that come out of the stock unit.
First, understand that power in the audio spectrum
is largely contained in the bass end of the band
while intelligibility is contained in the treble end.

More treble means less power required to convey
unclerstandable audio. With this in mind, remove
C341, a tiny 0.0 IS!1F surface mount capacitor
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located on the botto rn (solder s ide I of the AF
(rniddle ) board - See Figure 7-4 . Flip the AF
boa rd sa that you view it with the co ntrols pointed
up . Ex amine the PCB be low the BNC con nector:
find a wh ite, 2-pin temale co nnec tor. eN-303 .

To the right of CN-3ü3 are six tiny co rnpo nents,
three left to right and below thern. three, top to
bot tom . Th e first two components of this top-to
bottom row are brown, unrnarked chip capaci tor s
while the third compo nent is a black chip resistor
marked "333" . The midd le compo nent, the one
jus t abo ve the "33 3" resistor is C- 34 I.

Figure 7-4: Audio modification - PRO-43

Cheek' : The Ult irnat e Scannei'

Make sure youve gor it idcntified: C-341 IS

exact ly 10 rnm to the right of the left edge of the
AF board , and exaetly 13 mm down fro m the top
edge of the AF board . Anothe r posi tive proof is
that C-34 1 is positioned diree tly between pins 4
and 5 of the LM- 386N-l chip whic h can be see n
frorn the top side of the board. C-34 1 is slightly
above a straight line drawn betwee n pin s 4 and 5
of the LM-3 86 while the "333" resistor is furt he r
below that line and closer to being bet ween pins 3
and 6 of the LM-386.

Now you've gat it! Use so lder wiek to absorb the
solder fro m each end of C- 341 and then pop it 01'1'
by heating one end whil e exerting a mild pressure
agai ns t C-341 with the tip of a tiny screwdriver.

S-Meter: Here's an easy S-rneter for the
PR0-43 ~ The right circui t doesn't exist in most
sca nners to support an effectivo S-meter: but the
PRO-43 has it - bu t theres also a lack of "real
estare."

Th at'x also okay : we can work around it!

The key S-meter poin t in the c ircuit is the ca thoc!c
of D-302 located on the botto rn (salder side) of the
AF board (middle board). 0-302 is a tiny gray
chip diode located near the fo rward, outboard
co rne r of T-30 2. D-302 's cathode co nnec ts to one
lug of T-302, and that' s the spot you need to find .

Figure 7-5 wi ll guide yo u.

Figure 7-5: Audio impravem ent and S-m eter wiring - PRO-43

5·METER
Route wire Wire trom 0 -302

over tnis corner
Cathode to C-1 in next Figure

C-34 1 AUDIOIMPROVEMENT



Cellular ~v1ods & Other Wizardry
---- -

141
- - - -- ---- - _ ._ - -_._-- - - - ---

Salder hookup wire to the cathode of D-302 and
route it to the topside of the AF board to feed the
S-mcter circuit in Figure 7-6. This wire ought not
to he more than a couple of inches.

Route it forward and around the notch in the
nearest corner of the circuit board next to the
Volume Contro!, sa that the wire protrudes into
the "more spacious" component side of the board.
Conneet this wire to a lead of C-l , a 0.0 IMF
ceramic disk capacitor. Salder the anode of 0-1 to

Figure 7-6: S-meter circuit

a handy nearby ground (/ se lected pin 7 of /C-302
fo r mv ground}. Salder the free lead of C-l to the
cathode of our D-I.

Solder the anode of our D-2 to the junction of om
C- ! and 0-1, Finally, sa lder our R-I and C-2
between the cathode of our 0-2 and ground as
shown.

Conneet a wire to the junction of our 0-2, Rl, and
C-2 for output to an S-meter of your choice.

Build this circuit inside the PRO-43
From Cathode~

of D-302 ~

.01-uF

1N34A

1N34A

Build this external to the PRO-43

There won't be nearly enough room to actually
install an S-Meter inside the PRO-43 , so this wire
and a zround wire must somehow exit the scanner
to conneet to an external meter. Exactly how you
do that I wilileave up ro you, but I installed a
miniature 3/32" phone jack in the right side of the
metal frame wall just above and between rc-30 I
and 0-301.

I used a precision seale to mark off preci se point s
of location so that a 5!l6" hole neatly drilled
through the right side of the rear plastic case
matches perfectly over the 3i32" phone jack. A
standard 3/32" phone plug inserts into this jack for
quick and easy conneetion of an cxtcrnal S-.\J1eter.

LED S-METER

You can also build the I ü-seament LED S-Meter
as shown in Voi-2. After your ohosen S-Meter is
connected and halfw ay werking. operate the PRO
43 near a known stronz transmi tter , perhaps a
ham transmitter, a police cruiser, your favorite
security guurd's handhe!d. or right next to a
cordless telephone, or anything else known to
transmi t a strong signa!.

Tune the scanner to that freque ncy, and adjust the
4.7k trim pot sa the meter reads cxactly full scale .
Other sianals will read proportionally lower to
vield " rt~ a t i ve siznal strcnzth" mcasurements!J - - ~. ~
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PRO.23, 46, and 51 -Not exciting,
but not furnips, e itherI

These scanners cannot be hardw are mod ified la
receive ce!lu lar signals, but there is a key boa rd
prograrnming tec hnique that wil l permit such
recepti on in a round-about way.

This technique works ONLY on those scanners
so ld befa re April of 1994 , because Radio Shack
got onto the workaround like flie s on cow -pies
and re-engineered the uni ts to make any cellular
reception impossible. Credit to Brian Peterson,
Covina, CA , and Monitoring Times for the
substance of this information.

1. With the radio tumed off, press and hold the 2,
9, and LOCKOUT key s: turn the radio on and
release the keys.

Russian Roulette: This may "toast" your stored
frequencies. IJ your luek is had, yo ü'll have to
reprogram them later.

2. Step to ch annel 23 on the PRO-SI or channel
15 on the PRO-23 to d isplay 888 .960MHz, a
factory test frequency.

3. Pre ss either the UP or DOWN search arrow to
sca n the cellular band in proper 30kHz steps. You
can temporarily store up to ten active cellular
frequencies by pre ssing MONITOR.

Permanently store these frequencies for scanning
and searching:

1. STEP to thc des ired MONITOR channel and
pre ss PROGRAM, followed by the desired
me mory channel num ber (including those with
factory-preprog rarnmed test frequenc ies).

2. Pre ss in sequence PROGRAM, MONITOR,
ENTER. Repeat steps 1 and 2 for each channel to
go into memory.

There are limitations, If you are doing an
Up/Down scan, and the scanning process takes
you outside of the loekcd-out 800 MHz frequency
range , you can NOT get back into it by reversin g
the scan direction .

In e ther words, if you are scanning down and go
past 869 MHz, pre ssin g U P (to re ver se the scan)
will simply cause the scanner to jump from
869MHz to 896MHz. All that you have to do in
order to get back into the locked out range, is go
back to the manual mode, select channel 23 , and

Cheekè
: The Ultrmatc Scan ner'

start yo ur Up/Down scan ag ain fro m there. Thi s is
the biggest frus trat ion in the trick.

However, Ier' s say that you don 't want that
888.9600 freque ncy on ch arme] 23, and instead
you want it at channel 100. Easy ...

I . Press MANUAL, 23, MANUAL.

, 2. Turn squelch ALL the way off, so you hear
white noi se.

3. Press either UP or DOWN search key (does n't
matter).

4. Press MONITOR, then MANUAL.

5. Press MANUAL, <ch#>, MANUAL.

In thi s case , <ch#> is the channel number on
which you want to store the 888.9600 frequency.
For example, if you wanted to store it on channel
100, you 'd press MAN, 100, MAN.

6. Press PROGRAM, <mon>, ENTER.

I Where you see <rnon>, you shouid at this po int
press the MONITOR key as many times as it take s
to find the monitor entry to where the 888.9600
frequency was transferred ( 1-10) .

So if the frequency was transferred to monitor
channel #3, you'd keep pressing monitor until you
got TO mon-channel #3 and THEN you'd press
ENTER.

The 888.9600 frequency has now been copied to
the new channel that you selected. All of this
riz amarole is needed since obviouslv. without the
h; rdware mod you can't manually prog ram cell
frequen cics.

These inst ructi ons works just fine for getting
access to thc 66- 88MHz ran ge too ! After pressing
2, 9, LockOut, and turn ing your scanner on ,
channels 14, 15, and 16 will have frequenc ies
stored in them that are between 66-88MHz range.
These can be ma nipulated in the same marmer as
the 800MHz frequencie s.

PRO.2032 - Apassable unit:Ï1o
turn;", bilt na cigart

Cellular Restoration: Turn the PRO-2032
upside down and face its rear. Desolder and
remove the microprocessor shield at the upper left,
close to the volume and squelch controls.
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Figure 7-7: PRO-2032 cel/u/ar restoration
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PRO-2032
OCellUlar Restoration

o
o

This is a dual diode

REMOVE ITI
Can be crushed if

desired

[IJ ~~

~ (~Olûnn ()IJ
[0] 0 \0 \J U V
[IJ 0 'L- Salder a 1N914 or

1N4148 swilching
[c]] c; diode la pach as

shown. Observe
palarilyl

Refer to Figure 7-7 and locate the dual. 3-pin
diod e ne ar the lower right of the microp rocessor
chip. De solde r and rern o ve th is diode . Solder a
IN9 14 or IN4 148 switc hing d iode ac ross the
solde r pads as sho w n. Think ahead, and make
sure the microprocessor shie ld won' t sho rt again st
the diod e when it is rep laced.

Insulate the diode if you like. Pow er up and enter
870.000MHz into a channel. Irthat frequency is
accepted by the CPU, then di sconneet power, and
res older the shie ld . Search will be in the proper
30kHz steps .

Increased ScaniSearch speed: Replace the
blue 8M Hz ceram ic resonator near pins 3-4-5 on
the solde r side of the microprocessor chip with a
quartz microprocessor crysta l of about 1OMHz to
12MHz. Dont go anv hizh er than 12MHz to
minimize the ri;k of blowin g the CPU. Tt might be
a zood idea to solder a wi re to thc rnetal case of
th~ crys ta l and the other end to ground .

Squelch improvement: Repl ace the Sque1ch
Hysteresis Resistor (surface mo unt chip resistor)
he tween pins 12 and 14 oft he MC-.B 61 NFM
Discriminator chip w ith a lOOk trimmer pot.

Adjust tbc pot (',' suu yam taste for a tighter
squelch T !.- '-- n°, oot "';;\ afford V O'I ' i ranze of'- """ . '- I I . ... { .'. -.> I . ~ 1 i-.l"- ... .- I ! ! U .... ", ' '' ' L . _. L:; .....

adj ustment to suit ya m preference. To a tight of a
squelch is te rrible when weak signals are being
detected....so unds like a machine gun as the
sque lch kick s in and out.

See the World Scanner Report, VIN4
and VIN9, for" helpful info and specs
on various NFM Discriminator chips.

Al so see VIN2, VIN4, andV4N3 for an even
better Squelch mod for the PRO-2032 and
most other rigs. This one willget.youby,
though, if you don't have any higher
ambitions . ©

BC-890XLT - Not a great scanner,
but if works. {New models are not
modifiable}

Access: Rerno ve the 10 cabine t sc rews. Separate
the ha lve s. U nplug the speaker.

Rern ove 4 fro nt panel sc rews and the bracket
screw near the cente r of the main PCB to loo sen
the front pane l. Squeeze the outside edges of the
metal faceplate shield. Swing the front panel down
tow.ird you, to expose thc La r ie/C PU PCB.
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Disconneet J4 and J5 (white and blue w rres). and
ribbon co nne ctors J50 1. J5 02. and J503 - wo rk
them apart from a po int c lose to the soc ke ts.
Rernove the front panel and logic bo ard.

Cellular: Position the PCB as show n ll1 Figu re
7-8. Locate the CPU (UC- 15 14), an d three chip
resistors near the CPU' s lower righ t corner.
Desolder the indicated tesis tor marked "1 04"

Figure 7-8: B C-890 cellular modification

Cheek3
: T h .~ Uit imat e Scanner

( lOükG ) and resolder it to the two ernpty pads
nearest the memory retentien batrery, as shown ii1

the drawing .

Reve rse assembie the fro nt panel and connector s.
Te st the radio by entering 880 .980M Hz. Cellular
is now restored, w ith the desired 30kHz tuning
st eps.

BC-890XLT CELLULAR MODIFICATION

IOO i I
1

Move the 1OO-kchip I

! res istor marked "104" I

I
1 ~~1~~1~ 1I . rgl ! ' t:51~~1:l~~;~~ 1
. . 1,1_ _ l8J_O_ _ 1

1

heat one end while 'I

exerting a little upwardo 0 ~CJ 0 pressure with a sharp or I
~ po inted object. When it

.. 104'~ 0 pops up , heat the other
/ --- end and let the res istor

L_ :_ , fallioose . Then position

/-~ 1'7 'C ._.. ".- ' and resolder it to the
I Memory \ li1..._.._=l empty pads as shown .

( Retentienbat \ I

BC~250()XLT ~ ....t•. higl'lly-touted
scannêr · ' or nodetensible reason.
1~"tItl.n'loClels are not.ceÎlular
lJ10diflableJ

Access: Remove the an te nna and battery pack
from the BC-2500XLT. Positio n it face down
wit h the bo tto m faci ng yo u.

Remove the two black upper and two lower silver
screws from the rear.

Remove the rcar case. Lift the now- accessible
circuit board aw ay from the frame just enou gh to
detach it from the whi te ( 11 pin) connector.

Don't strai n the ribbon co nnector between the
tw o .

Carefully , lay the PC board ne xt to the main
scanner body.

Locale the CPU chip, IC-30 l , "UNIDEN DC
1513A," and the group of five 100kG chip
res istors marked " 104" below it.

Desolder chip resis tor R-3 17 (see Figure 7-9) with
desoldering wiek.

Heat one end while exerting a gentIe upward
pres sure with a sharp or pointed object until it
po ps free.

Heat the other end until the res istor falls free .
Po sition it on the empty so lder pads one place to
the left, and resolder it in place. (In effect, this
moves one end of R-317from ground to +5\'.)
On e end of R-341 always goes to pin 33 of the
CPU chip.

Reassemble by reversing steps 1 and 2.
Test by entering 880.980MHz. Cellular Search
steps w ill be the proper 30kHz!
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Figure 7-9: BC-ISOO cellular restoration

BC·200XLT, BC.205XLT,Regency
4030·_·· Decent handhelds, and the
same radio!

This product, in its several guises, is everywhere.
It' S offered on television shopping channels,
buried in general-merchandise catalogs, in swap
meets, and nearly anywhere that electronics are
sold.

It is definitely among the most successful of
Unideri's products, if you judge by $ALES the
way they do. Its been around so long, and
wearinz so manv labels, that there' s confusion
resulting from production changes. 1'11 try to help

Cellular: The mechanics and specifics of this
mod were published in Vols 1 & 2, and they differ
somewhat due to at least one production change
between books. Depending on the age of your
unit you may need one, the other, or THIS one
that follows . Yep, Uniden made more subtie
changes, enough to confuse many who fellewed
the instructions in Vol-2.

Here' s the hack JOU need to restore cellular in
these radios built aftel' my Vol-2.

Locate the 10k resistor, R-2l5, that goes from the
CPU, pin 41, to ground. It may be a black chip

145
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Move this resistor from here
-Ta here (one pair of pads to the left)

resistor, marked "103", or it could be color coded,
brown-black-orange. Doesn't matter.

It' s the resistor just above the "den" portion of the
"Uniden" logo on the UC-1 147 CPU chip.

Rernove R-215 safely, if you can; otherwise crush
it and then unsolder it. C lean up the pads.

Solder a small 10k resistor from the non-grounded
pad of R-215 (CPU-pin 41) to IC-206, pin 8,
which happens to be a handy souree of +SY.

Thats it, wrap it up. In effect, this mod rernoves a
ground (low) via R-215 to CPU pin-zll and
applies a high (+5V) via a new 10k resistor to
pin 41.

In reality, it 's just a logic change.

Speedup: These radios can be modestly sped up
by removing a two-Ieaded black object called
Y-201 in the left center of the board. It may be
marked "400K".

Y-201 is a 400kHz ceramic resonator that
connects to the CPU, pins 45 and 46. Replace it
with an 800kHz ceramic resonator for a X2
speedup, if you don't mind a halved delay time.

Get DigiKey part no: P9947-ND, or I can supply
in limited quantities.



146

~ç~'7'(jQ~L'fI ; ~~'j;l!.el~s ;:rlililp ~èaê" ·••·· ofber
on /tfiilm'y~~ery!

Sorry, I have little information on this allegedly
cellular restorabIe scanner.

If you kno w of anything or can cite a refe rence ,
please let me know. As always, such information
will find itself onto the BBS and be ava ilable to
everyone.

PRO·2922 A PRO·34 clone, nice in
itstime; :bûfnow?

Comments: The PRO-20 22 is a carb on copy of
the PRO-34' s design ! I know, the 34 is a
handheld and this one is a base and they do not
look alike . Compare the schematics, though .

They're twins! Circu it symbols will differ widely,
of course. Otherwise , what ca n be done to one ca n
be done to the other.

Cellular: Clip or remove diode D-44 .

Speedup: Replace CX-I with a 3.57MHz TV
Colorburs t crys tal for a modest speedup. If that ' s
not handy, piek anything clo se in frequenc y.

PRO·2026 -Apseudo·clone of the
BC;"76.0~LT lnew models are not
modifiable} ...

Radio Shack isn 't particular about who makes
the ir scanners anymo re. I guess the marketers
decide that we want a certain performance at a
certain price , and then they get bid s from the
manufacturers and take the low one.

Unide n makes this one, a semi-clone of the long
lived Uniden BC-76üXLT, except that its more
hollow inside than its near-twin brother.

CTCSS is not fea sibl e . H' s easi er to hack for
cellular, though.

Cellular: Remove the four side screws from the
bottom cover. Pull the cove r loos e and set it aside .

Facing the front of the 2026 and with the bottom
side ex posed, locate the sm all c ircuit board in the
lower right-hand co rne r and find jumper L201 .

Cut L201. If you're compulsively neat, desolder
and rem ove the wire .

Re assemble the radio and find continuous 806
956MHz coverage and 30kHz search increments
in the cellular band.

Cheek": The Ultimate Scanner

It ' s odd, but its near-twin BC-760XLT steps only
in 12.5kHz incrernents!

BC.760XLT,..·. BÇ:~~9)(1;-!, ..R~!~~·~~;:· ~
R"160()~AI! the ~aifi~ ,.~diCJ, .ilJn"':
newn1odels·••.are.nofmodifiablii·::',.i'···.····
Cellular: Older units use a Motorola antenna
connector while newer unit s have a BNC
connector.

The procedure for older unit s is in Vol-l of my
Scanner Modification Handb ook, and later units
are co vered in Vol-2. If either method fails, then
the next mod should work for the last model s just
prior to those made after Mareh, 1994:

All work is done on the solder side of the board.

For reference , locate a 24-pin surface mount chip,
IC-13 , a San yo LC 3517BM-15, on the solder side
of the board . Position the radio so the "Sanyo"
logo on thi s chip is upside down. The work will
then be done to the right and slightl y above this
Sanyo chip along the row of pin s 1-32 of the CPU
chip.

Incidentally, thi s Sanyo chip is the 2k x 8 SRAM
that figures into the Extended Memory mods that
your scanner deserves.

I. Completely isolate pin 26 of the CPU ch ip,
IC-14, a UC- 1246.

Th is involves a trace cut on each side of pin 26 to
totally iso late it from everyth ing.

Note: / C-J4 is the large 64-pin chipfound on the
component side of the board, but we' IIbe
working on its pins from the backside of the
board. Identify pins 1-32 hef ore you begin.

2. Make three jumpers as follow s:

One jumper bet ween pins 19 and 20 of the CPU
chip .

A second jumper between newly isolated pin 26
and pin 27 of the CPU chip.

A third jumper between the two pins on the same
side of Q-5 , just above pin 27 of the CPU.

3. Finally, remove R-13 , a 4 .7k chip resistor ,
marked "472" that goes to pin 20 of the CPU.

Run a short connector wire from the jumpered
pins 19 and 20 (above) to a nearby circuit board
ground spo t.

That 's it - you' re fini shed!
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BC-1I55J(L T - Not a great scanner,
but some people say itworks...

Access : Disconneet the power cord and with the
bottom edge of the scann er Iacing you, turn it ove r
on a soft surface to avoid scratching.

Remave the five Phillip s-head cabinet screws and
carefully separate the cabinet.

Grasp the speaker plug (not thc w ires), anel
carefully pull the plug frorn its se cket.

Lay the two cab ine : hal ves side -by-s ide .

C ellu la r: Fmd the fifth Jumper in a row ar the top
of tbe nght-hand circuit haard. .

Cut JV-209 at its mldpoint and curl the cut ends
apart sa they can not touch anvrhing. including
eac h other.

Sa lder one end of a 10k resistor to the cathode of
diode D201.

Sa lder the other end of this resistor to the cut end
of JV-209 that 's closest to the center area of the
board: do not use excessive heat.

Check the jumper beneath the board; if it came
loose , resold er , and hold it in place as the sa lder
cools.

Plug in the AIC powe r cord : turn the scanner ON
and press MANUAL : 880. : ENTER in that
order. Ir880 .000 appears in the Disp lay. the
error! was a success : othe rwise ERROR will be
displayed as usual .

Don ' t panic when you hear nothing - you just
checked the logic, not the audio . The speaker is
disconnected. Snip off and rernove excess wire
1'1'001 the tesistor leads. plug in thc speaker
connector. anel reasse rn b le.

How it works: In the simples t analysis, a
ground is conneered to the CPU (IC-20 I pin 10)
via jumper JV-209, which places aOV (low) at pin
10 to block the cellular coverage.

You' ve clippcd JV- 209 to rernove that ground.
You then appl ied +5V (high) to pin la via that 10k
isolation tesi stor to program thc CPU to cover the
cellular bands. The cathode of 0-201 was just a
handy souree of +5V.

Simple. huh?

Memo ry Upg rade: Examinatien of the
schernatic diagram suggests that 50 channels in the
BC-855XLT rnay have been deliberately blockcd.
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A pinout of the CPU show s a 100 channel
memory if pin 9 is raised from ground to +5V.

Refernn g to the abo ve cellular restoration
procedure. find the jumper wire immediately to the
LEFf of JV- 209, the one that was clipped. This
will be JV-208 which also must be cJipped.

Solder one end of a !Ok te sisto r to the cathode of
diode 0 201 .

Solder the other end of this resistor to thc cut en d
of JV-20S that's closest to the center area of the
board: do nol use ex cessive heat.

Test tne scanner for memory channels 5 1- } 00
Some repons have it that the unit will be locked up
when first tur ncd on after the memory mod.

If so, disconneet the un it from all power for a
short time to leuk away internai power, and try
again. No harm will come from this procedure,
and if it fails, you can always re rnove the res ist or
and resoJder the cJipped jumper. JV-208.

Please teil me (and everyone else on the BBS)
about ya m results.

PRO-2030 -
A second generation PRO·2026

Cr edit : Co urtesv of tand thanks t(l ) Ne il FUIF\ .
V/A 6HDO. Chula Vista. CA. .

The cellu lar resteranon for the PRO-2030 is
esscntially the same as for the PRO-2026. except
that the location of the jumper differs slightly.

Access: Rem av e power cable. and flip the umt
upside down .

Rcrnove five (5 ) recesscd screws from bottorn
panel , Carefully rema ve bottorn panel. With
display panel facing you. exa rnine the portion of
the printed circuit board that's attached to the
display modu le.

Look for something similar to an RF coil, about
2" in from the front and 2" in from the right side

Cellu la r : Cut the jumper rnarkcd L20 I.

Reinstall the bottom cover and reconnect power.

The scanner is now reaely for use. Ce llular
frequencies are fully restored. and with the desired
30kHz spacing between channels

Wllat a coincidence!
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PRO-46</ ., ICI'oan}

The Manual: Dori't search for great secrets in
this Uniden-built scanner, folks. But it will go
cellular if you have the patience to dig In and
sweat it out a little.

You really need the service manual for this unit,
so get it as a reference, follow these instructions
and Figure 7-10 very carefully, or forget cellular
capability.

Access: Disconneet the antenna and remove the
battery pack. Extract the four screws from the rear
case.

Push up from the bottom of the case so that it
swings up and can be rernoved.

Examine the now visible main circuit board. and
carefully pry it up from the area of the mating plug
in the lower right corner sa that it separates from
the board beneath it.

Desolder the fragile copper shield from the logic
board; remove it and lay it aside. Be carefu!: this
shield is easily damaged!

Figure 7-10: Key sites Oll the PRO-46

PRO-46 CELLULAR

Move R-226 to here

Cellular: Hold the unit so the speaker is down,
and look along the right edge of the logic board.

Cheek
j

: The Ultimate Scanner

Locate IC-205, a 3-pin device about a third of the
way down from the top.

Now look below IC-20S for the first two chip
resistors (actually chip jumpers) marked R-227
and R-226 on the PCB.

These two components wil! have a "0" imprinted
on them. Carefully remove them both.

Now look about .5" to the left of where R-227
was removed to find R-221.

The right end of R-221 conneets to a short PC
strip that runs up and down about .5". To the left
of that PC strip are two empty jumper pads.

Solder one of the removed R-227 or R-226 to the
upper of the two pads and to the PC strip to which
the right side of R-221 is soldered.

Reassemble the unit in reverse order of Steps 1-4
above.

PRO-2027- (Moan)

Cellular: Remove bottom panel ( 4 screws ).

Locate diode D35 located behind the <Enter> key.
I This is a surface-mount component that resembles

a tiny black rectangle.

Desolder and rernove D35.

This is done by gently prying up the component
with a pin or tweezers while touching one leg with
a soldering iron. Don't apply much heat for very
long at one time.

Wrap it up; party's over. Operate normally.

LAST WORDS!

1. Be careful and patient.

2. Keep the manual in front of you.

3. Dori't illegally listen to cellular - it's boring,
anyway (or so I'rn told). I helped you put fuel
injection on your hot rod, but that doesn 't mean
you have to speed, right?

4. REPORT BACK! Get on the BBS and share
your experience with me and everyone else trying
to optimize their scanners. The best way for you
to learn about a new hack is to support an
environment where everyone shares information.



COMPUTER INTERFACES
IJ U's an Ultimate Scanner, it's wired to a computer...

NO LONGERA •LUXURY

It's as obvious as tomato juice on a white shag
carpet that scanners with lots of channels need
automated computer programrning. The Cosmie
Light will inspire you the first time you punch in
400 channels only to discover an error on #47.

If you've done my 1,600 to 25,600 channel
Extended Memory Mods, that Light will sear your
retinas.

GENESIS.OFCOMPUTERINTERFACES

Would you believe that computer interfacing of a
scanner is nothinz new? Years azo, an ad in
Monitoring Time~ effered plans [or a Commodore
64il28/PRO-2004 interface.

I mentioned this to Lin Burke, a digital guru, who
whipped up a functional interface for the Radio
Shack Color Computer H. He went on to modify
it and its associated BASIC program for my Apple
TIe of the time" Then came a design by Miles
Abernathy for the Macinrosh computer. \VC
converted that design and its BASIC control

program for my Apple He. They all programmed a
scanner' s memory by automated means.

Next came a commercial, universa] interface kit
from RW Systerns, and an MSIDOS-specific
intelface package including software from
Datametries. Inc. The kit from RVI Svstems held a
lot of promise because (1) it was uni~ersal for
most computers and (2) computer-specific
software was not required to run it. Ir needed

I only aserial cornmunications port and a plain
telecom program - and it worked. Unfortunately,
RW Systems either didn't sell as many interfaces
as they expected, or else they weren't patient
enough to wait around for the idea to catch on.
RW Systerns went out of business (to the best of
my knowledge), though their interface did a good
job with a vanety of computers and software.

EVOI..UTION

The Datamerries Interface package is still available
at this writinz, probably because it eernes
complete, re;dy to instáll in any MS/DOS-based
computer with 640k RAM and a parallel port The
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Datametrics interface works oniy in ffiM/clones
and is driven by proprietary software. The
interface is easy to install and virtually foolpro of
in operation.

The RW Systems kit supports any of the PRO
2004/5/6 series , while Datametrics specifies theirs
to be for the PRO-2oo6 only. After looking it
over, I think it is a safe bet that it will work just
fine in the PRO-2005. and can be easily adapted to
the PRO-2oo4, but Datametrics actively supports
only the PRO-2006.

Enter "Professor Peabody," occasional columnist
for the monthly World Scann er Report. That fine
fellow and his able assistant, "Sherrnan,"
concocted a do-it-yourself computer interface for
the PRO-2oo4/5/6 and presented it in great detail
in still-available back issue s, V2N2-V2N6.

Professor Peabody's "FatMan" interface was
distingui shed by its ability to work from most any
computer with unsophisticated software, and it
controlled every function of the PRO-20ü4/5/6.
People are still building the "FatMan" today .

Rather than take space to repeat it here, I refer
intere sted builders to those issues of the World
Scann er Report where the instructions reside in all
their splendor and glory and where the ol '
Profes sor still help s those who need tech support.

Shortly after the "FatMan" appeared, HB
Technologies (now defunct ) and COMMtronics
Engineering (alive and well) introduced the potent
and awesome HB-232 Scanner/Computer
Interface.

COMMtronics Engineering further evolved the
interface into the CE-232, which is presented in
thc pages ahead as a do-it-yourself, no charge, no
royalty , honest-to-goodness, "gimme." The CE
232 project is offered as the center of your
Ultimate Scanner, and you paid for the right to
build it when you bought this book. But there are
other options...

Most recently, Optoelectronics, Inc. introduced
their OptoScan 456 Interface for the PRO-2oo5
and PRO-2oo6. lts basic principle is to replace the
scanner's CPU in controlling the receiver's PLL
circuits.

Installation is reported to be fairly easy, with not
too many snags. The OptoSc an 456 comes
complete, albeit with a somewhat minimal
software control package, which led to the
emerg ence of third-party software produets that
are available to properl y complete the project.

Cheek3
: The Ultimate Scanner

· WHAT'S ()UT · .TH~RE. r()DAY ,/"".:::::.

For more information about commercially
available interfaces, contact:

Da t ame t r i c s , Inc.
2575 South Bayshore Drive, Suite 8A
Coconut Grove, FL 33133

(no phone available at this time)

Optoe l ec t r oni cs , Inc .
5821 NE 14th Ave.
Fort Lauderdale, FL 33334
800-327-5912

COMMtronics Engineering
POB 262478
San Diego, CA 92196
BBS and FAX: 619-578-9247

5:30pm-1:30pm Pacific Time, only

Before you even think about buying an interface,
or rolling your own, you should know more about
scanner/computer interfaces in general.

Focus nowadays is correctlyon a TWO-WAY
interface, one that not only can program the
scanner's memory banks and con trol the scanner
remotel y from the PC, but that can also acquire
and pass data from the scanner to the computer for
logging and processing of active frequencies,
duration of transmissions, date s, times, and much
more . This means data acquisition and control.

A well-designed two-w ay interface between
scanner and computer can perform great deeds ,
and you don't even have to be there!

The most important function of an interface is
probably to program memory banks, sparing us
drudgery and opportunity for error.

An important secondary function is data logging
and processing, which produces a database of
your specific area of interest.

Half the fun of scanning is listening to what's
going on; the other half is the accumulation of
knowledge and understanding.

An interface that can pass data from the scanner to
the computer for logging, processing , and storage
produces a long-term benefit with long-term
implications. In comparison, actual monitoring is
relatively short-term fun.

Therefore, both sides of a scanner/computer
interface are important and useful , but some
interfaces go only one way. Be demanding!
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CAPTURING SCANNER DATA

SCANNERS ARE NON·ERGONOMle!

The design of one of the most user-friendlv
scanners '-1' ve ever seen has not been repl ic·ated to
date: the PRO-2004. Whethcr or nor ir s
dcliberate it's <3 fact that scanners seem designcd
to he operared and monitored frorn a disrance. The
keyboards are dcnsely congesred and designed for
fingers about thc size of toothpicks. An ideal
interface wil! allow full eperation and control of

Missing - but useful - are time, date, duration of
transmissions, and squeJch status. There are other
potentially important data that would be nice to
have captured by an interface with an Svmeter,
such as center-tuning or frequency errors, and the
status of other mods you may have done, such as
Extended Memory Blockx, Extended Delay,
Automatic Tape Recorder Switch. and more.

The ideal interface, then, will capture and send to
the computer not only the normal data that appears
in the display, but also a vanety of ether data that
relatcs to the scanner, and to the session.

Let' s talk about either rolling your own high
performance scanner/computer interface or
acquiring one for the least possible effort and cost.
Many CE-232 Scanner/Computer Interfaces (and
its predecessor, the HB-232) have been
successfully tested and used by hobbyists and
commercial interests for several years.

The followmg project offers a lot to most owners
of the PRO-2004/5/6, and of certain other
scanners such as the PRO-2035, PRO-2ü22,
PRO-43, PRO-39, PRO-37, and PRO-34.

Now, with the PRO-2004/5/6 scanner series
passing into history, 1 am literally giving you the
design of the CE-232 -it's here, complete, In this
hook. Its too powerful and wondcrful a tool to
keep as a strictly commercial venture.

If you have knowledge of electronics and genera]
hacking skills, you can build the CE-232 for
vourself at modest cost.

CATCH 1: The design and assembly mstructrons for
the CE-232 as presentee herein are copynqnteo
:[';1992 by COMMtronics Engineering and Blll
Cheek, and may not be used tor any commercial
purpose or application without the express written
permission of, and license granted by, the author.

Ucense is free!y given and permissren freely
granted tor individua: use of the oesiqn, orawmqs,
and instructions solely to readers of this book tor
strictly hobby app!ications.

Of course. there are a few catches to this deal ...

LEGALESE

YOiJ may not, unoer trus license. use tne materia:
presenred herein to produce kits or tinisned
products 1C' resale nor ter use in any commercial
enterprise.

AtV PRESCRIPTION

the scanner from the computer' s keyboard where
even pickles for fingers can hit the right keys at
the right time.

Scanner displays dori't seem designed for human
eyes. Readouts are small, poorly illuminated, and
often must be viewed from very narrow angles. A
good interface presents an image of the scanner' s
display on the computer's monitor, so you can see
all the information, from a distance.

Manual
(On10ft)

Search step
(5, 12.5, 30,
andSOkHz)

Search
direction
(up/down)

Bank
(0-9)

Priority
(On10ft)

Frequency digits

Channel number

LockOut
(On/Off)

Mode. (AMINFMIWFM)

Delay
(On/Oft)

There are perhaps one or two ways to obtain data
from the scanner. The CE-232 Interface
introduced the only practical technique for the
casual hacker: decoding the data that flows from
the scanner's CPU to the Liquid Crystal Display
(LCD).

That data stream contains most everything
pertinent to scanning with the exception of
time/date, and the computer can provide that. The
system decodes data that flows frorn the scanner's
CPU to the LCD, but some of that data is
superfluons and has to be removed. The required
data going to the LCD includes the following:
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CATCH 2: The CE-232 Scanner/Computer Interface
requires software expressly designed for it. This
software is not simple or easy la show in print, and
it will not appear in this baak. If you desire to build
the interface but not write your own software, for
the cast of disk duplication and shipping \'11 send
you an IBM/PC-compatible control program, plus
supporting programs and files for the CE-232 . If
you elect to write your own software, 1'11 help by
giving you the Oeveloper's Kit, but cannot take
responsibility tor, or directly assist, your work.

The materials that I provide are "copyrighted
freeware, "which means the package is freely
available for individual, non-commercial use for
only my cost of duplicating and shipping.

This software package is "complete" and
powerful, sa there is little reason or need for you
to develop your own software unless you enjoy
that sort of thing.

This complete software package is available for
$9.95, ppd (USA), only on a high density, 3.5"
floppy disk in MS-OOS 3.1 and up format and
compatib ility. Add $5 special handling for 5.25"
disk. Payment in US Funds, check , money order,
MCNISA, to: COMMtronics Engineering , PO Box
262478 , San Oiego, CA 92196 or (619) 578
9247 (1 :30-5:30pm , Pacific Time). Foreign
shipping and handling add US$10.

CATCH 3: The CE-232 as presented herein is strictly
for Ihe PRO-2004/5/6 scanner series. Other
scanners are supported , but you must contact me
privately or on my BBS for that information.

CATCH 4: The CE-232 is known to work with virtually
all modifications that can be made to the PRO
2004/5/6 with one important exception: It will
NOT work with scanners that have been speeded
up by means of a faster crystal. The standard
diode speedups are okay , however.

All other mods of which I am aware will work just
fine with the CE-232, though some may require
slight alterations regarding where or how they are
installed.

CATCH 5: I support strictly IBM/PC compatible
computers, but third parties have written software
that lets Macintosh computers control the CE
232, so if you need software for the Mac check
the resources listed in this chapter or on my BBS.
Formats for other computers are not available.

Other third parties that have written shareware or
commerc ial control programs tor the CE-232
Interface are identified on my BBS.

READTHIS FIRST

These instructions are geared for PC-compatible
computers with MS/DOS 3.1 or higher , and a
minimum of 512k RAM , though 640k is
recommended. Operation of the CE-23 2 is
possible from a flopp y disk. but a hard drive with
2 MB free is better.

This version of the CE-2 32 Scanner/Computer
Interface is expressly for the PRO-2004/5/6
scanner sen es.

It wil1 work, as shown herein, for certain other
scanners at reduced capability (l-way interface),
but special add-on software and hardware are
required. These other scanners include, but are not
limited to, the following : PRO-2035, PRO-2022.
PRO-2021 , PRO-34, PRO-37, PRO-39, and the
PRO -43.

Features and functions of the 2-way CE-232
Interface are:

• AutoPrograms scanner 's 400 memory channels
in 8 minutes (typical)

• Remote-Controls scanner keyboard function s
from the PC

• A utoLogs contents of scanner' s display
("hits") to a text file or a printer

• AutoLooksUp and displ ays your frequency
data when a "hit" occurs

• AutoRejects "birdies" and undesirable
frequencies - no false stops!

• Script feature allows unlimited automated
control

• User Switches; status and contral registers for
generic purposes: data acquisition and contral

• Proved technology; reliable and effecti ve

The CE-232 Scanner/Computer Interface connects
between a PCIXT/AT-comp atible computer and
the scanner. A standard serial cable connects the
CE-232 to the computer's COM 1 or COM 2 port .

The CE-232 can be installed inside the scanner for
a tidy package, or it can be built into a small
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project box, with a short cable anel plug to mate
with a receptacle mountecl on the scanner.

Extemal instal1ation allows a CE-232 to be used
with more than one scanner. The scanner is not
appreciabl y modified by either approach; rather.
approx imately 20 wires go from the CE-232 to
various point s in the scanner.

Absolutel y na scanner features or performance are
altereel or sacrificed to gain the autornared features .

FEATURES I FUNCTIONS

From a functional viewpoint there are na
compromises whatsoever. The systern has the
following features and capabili ties:

AutoProgram; in about 8 rninutcs it will insert
up to 400 frequencies of your choice into the
scanner's memory chann els. along with custom
settings of DELA Y, MODE. and LOCK- OUT.

Try to program 400 channels by hand in under an
hom or two... and what if you find amistake with
the channel s out of sequence back on Ch-30? The
AutoProgrammer m es plain ASCII text files. by
the way.

View and control all standard sca nner
keyb oard functions from the comp uter. The
monitor displays a monochrome or color facsimile
of the scanners keyboard and LCD. Whatever
shows in the scanner's LCD at anv time is
simultaneously displayed on the rVl onitor.

Press M on the computer keyboard for
MANUAL press S for SCAN . or press P for
PRGM. All of the control kevs of the scanners
keyboard are active at your computers keyboard.

The scanner operates directly fr orn the computer
keybo ard exactly as it operates fr orn its front
panel. In fact, you can operate frorn either location
altematively or simultaneously at any time.

AutoLogs to a handy text fi le the details about
every "event'' seen by the sca nner. For example,
the Autolog mode sense s when the SQ UELCH
breaks (a signal comes inl.

It then cornmands the computer to write and
append a line of data to a text file. containing
channel number or SEARCH Bank , frequency.
MODE setting (NFM. AM. or WHv}), DELAY
status (On or Off), LOCKOUT status, SEARCH
Mode and STEP increme nt (i f applicable), Date,
Start Time, and Duration of transm ission.
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This file is "comma-delimited" to make it easy to
load into a database manager for more processing
and sorting as desired.

A text editor is provided with the CE-232 Program
for a handy way to review and edit your
AutoLogged Files. The CE-23 2 Autologger files
its data in the same format as needed by the
AutoProgrammer.

AutoLogged files of newly founel frequencies in a
SEARCH mode can be programmed back into the
scanner's memory for a SEARCH and STORE
function .

This process can be automated to eliminate
duplicates anel common frequencies. A dot-matrix
or daisy-wheel printer can be selected to print
AutoLogged data in real time as it is acquired.

The CE-232's Lookup function works when the
scanner stops on an acti ve frequency. It displays a
line of text for that frequency on the monitor from
your file. This reference file can be the SA,,\1E file
used to AutoProgram the scanner. Great for signal
identifi cation .

An Anti-Birdie function compares a frequency
"hit" to the contents of a "REJECT" file, and
instantly resum és SCANning or SEARCHing, if
that frequenc y is found in the file. It will not
Autolog these mornentary "birdie" stops.

This superb feature is not limited to just "birdies ";
you can put up to 32,000 undesired frequencies in
the "REJECT" file, such as for pagers, computer
data channels, continuous tones , encrypted
signal s, and other frequencies that you don't want
the scanner to stop on or to Autolog.

There are easy ways to automate the colleetien of
undesirable signals for the REJECT file. The
RE] ECT tunet ion can be turned on and off by the
user or automatically commandeel by a Script
functi on.

The CE-232 has a powerful script or macro
function to allow the automation of virtual1y any
proce ss that would normally be done by hand .

A Script can produce a file of what 's been
programmed into the memory channels
(CHANNEL DUMP), or set a time limit for stops
on various frequencies or channels, or loek-out
every frequency found in a SEARCH session to
avoid duplicate log entries.

The CE-232's microproces sor is programmeelby
yom computer every time you run the program.
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No expensive "hard programming" or firm ware
on the MPU chip.

Not only can low cos t upgrades be do ne, but the
CE-132 has attracted third -pa rty developers who
have produced man y useful tool s for the hacker ,
including superb support program s, utilities, and
hardware.

Figure 8-1: The big picture !

CE-232

Cheek
3

: The Ultimate Scanner

The next few pages wil! pre sent an overview
followed by graph ic details of how to bui ld and
insta ll the CE-232 Scanner/Com puter Interface.
We start with the overview in Figu re 8-J, and
progress into the gory details, stage by stage and
step by step.

This is the path to the Ultimate Scanner!

But, just in case you're blown away by all this technology ..

Externallnstallations

9-cond straight-thru 25-cond parallel cable
senal ~ble I .-.""""

~
Metal project box

And tor those who really need to (KISS) Keep It Simpie, Stupid, then .

Internal Installations

t
9-cond straight-thV '

serial cable
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HERE'S THE PLAN

Okay , bear with me. Whether you're a new hacker
or ha ve been around for man y years, th is is re all y
important.

This is Chapter 8, and by now youve had to plow
through a lot of cautions, caveats , an d warn ings to
"be patient," "have a plan." "l al' out the pa rts and
tools," and more . 50 why sho uld I do it again?

Two reason s. First . if I do it enough. eventua lly
you 'B figure out that I reallv ntean it - in the most
fr iendly way. Ju st like a pa int job, if yo u prepare
proper!y the work is a lot easier.

The second reason is that a lot of you will get the
book and instantly flip to the chapter tha t interests
you the most. Therefore. I ' ve splattered my
warrungs quite lib erall y th rou gh out this book.

Wel l, he re we go agai n... step -by-step, this time .

1. Examine , assess, and inventory parts,
materiais, tool s. and docu ments. M ak e a list of
needed parts, matenals. and tools that yo u don ' t
have in stoc k..

This wil! sa-ve VOLI tim e, tro uble, and
headaches. '

2. Acquire, install, an d pre -test the C E-23 2
program and software ...

Á confidence bui lde r. and youve gor to do i t
eventually. No sense in building tlie CE -232
witho ut software.

3. Purenase. acqui re, m ake all needeel parts,
materials. and tools...

This more or less iees do wn the preparatorv
stages mld ensu res vour readitiess to laun eb.

4 . Re vie w docu rne nts a nd procedures ...

Final preparations befare the ultimate
commitment.

5. Bu ild the CE-232 c irc ui t or acquire a ne .

6. In stall CE-232 board.

A . Inside scanner (74HC4DSDBuffer optional
but recomme nded).

B . In an external met al box. Build and install
the 74HC4ü5ü buffer circuit inside the scanner
as c lose to the logic/CPU board as possible.

If (A) above, conneet a straight-thro ug h serial
cable between the computer's COM I or COM2
se rial port and the input to the CE-232.

If (B) above, conneet a straight-throug h serial
cable between the computer's COM 1or COM2
seria l port and the input to the CE-232, and a 25
cond pa rallel cable be tween the CE-232 and the
sca nner.

Inspeet and double check all your work, ensuring
no mistakes and clean work. Ta reduce my
workload. check it on e more time.

Set up and run the CE-232 software .

You 're f inished!

MANUAL

The fo rm a] manual for the commercial CE-232 Kit
occupies more than 100pages.

The foliowing pages present a cornpromise, with
suffic ie nt de tail for the technologist and
experienced hobbyist.

There is na missing key inforrnation. If yo u are
interested in thrs project but ha ve dou bt s, the
fo rma] Assembly, Installation, and Operation
Manu al fo r the CE- 232 is avai lable , as are a
printed c ircu it board, parts, software, and even a
packaged kit , ready to assernble for those who
want the least hassle .

You can ev en down load the full manu al from my
BBS ,jree. The end of th is chapter will discuss the
options available to yo u.

Table 8- JA is a list of all the materiais that you
mus t have on hand bef ore you sta rt, and Table
8-JB Iists th e nic e- to -have stuff.
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Table 8-1A:

2>Cheek : The Ultimate Scanner

CE-232 parts, materials, and supplies - mandatory

Qt y Circu it
L Symb ol

Ci rc u i t
Description

All parts numbers are
DigiKey or Radio Shac k
unle ss noted
Source and Part #

Program

DOC

PCB

XU-3

IC-I

IC-2

IC-3

ei rC-4,S.6,7

rc.s

IC-9

Current program and files tfrom the autho r. 3rd parties. or yo ur own) COMMtronics Eng

At least this book. ideal to have the full manual. COMMtronics Eng

Printed Circuit Board , ready to assembie iauthor 's or yours) COMMtronics Eng

PLCC 68 pin Leadl ess Chip Carrier Soc ket for IC-3.. A419-ND

MAX232CPE RS-232 Recei ver/Tran sm itter (AD-232 is oka y) MAX232ACPE-ND

TL7757C or MC34064P-5 Undervoltage Sen sing Integrated Circui t. *

MC6 8HC I IFI FN Microprocessor Unit. or XC68HCIIFIFN *

74H C4ü66 Quad Bilareral Switch MM 74HC4066N-ND

'8LOS Volt age Regulator , +5V @ l OOmA AN78Lü5· ND

74HC4050 Hex Non-in verring buffer M:-.r;4HC40S0N-ND

4 C- 1.2,:t :1 Capacttor. electrolvue. 22I-lF/35 WV DC. RS# 272- 1026

_ _6 C-S thru JO Capacitor. monolithic, O.II-lF1SO WVDC. RS# 272 ·109

C-l 1 Capac itor. elcctro ly tic . 4.7ilF!35 WVDC RS# 272 · 1024

_ 2 C-12.15

_ 2 C-1 3,14

_ 8 D-I thru 8

R-l

R-2

_4 R-4 thru 7

_2 RN-1,2

Capacit or, el ectrolyti c, J.OI-lF/35 WVDC RS# 272- 1434

Capacitor . mon olithic. 22pF/50 WVDC RS# 272-806

Diodes, switch, silico n. IN91 4 or IN4148 RS# 276- 1620

Resistor , Ion, 1/4-watt RS# 271-1365

Resistor , IDon, 1/4-watt RS# 271 -1311

Resistor, 47kn. I/4-watt RS# 271-1342

Resistor Network, 10 pin w/bus, lOkn Q9-103-ND

RN-3 Resistor Network, 8 pin w/bus, lOkn Q7-103-ND

RNA Resistor Netwerk, 6 pin w/bus. 4.7kn Q5-472-ND

X-I Crystal, quartz , HC-18. 8MHz CTX-056-ND

PC PC/compatible . 512k RAM (min). w/9600-baud COM 1 or COM2 port and MSDOS 3. I/up

MAN Service Manu al for your scanner: ca ll Tand y National Parts (800) 442-2425

* Thes e parts are hard to find. Try Future Acth'e at (800) 757-9438 or COMMtronics Engineering
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Table 8· 1B: CE-232 parts, materials, and supplies - "nice -to-have," or useful
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Wire, insulated, 22 gauge, stranded, best are wires salvaged frorn cable - > RS #278-776

Qty Circuit
L Symb ol

J- I

- 2 J-2

LED-\

R-3

W-l

W-2

XU- \

- 4 XU -4's .6.7

- 4' Mis e

- 2 Mise

- 4 Misc

Mi se

Circuit
Descript ion

DB-9 jack, male , mates wlW- I below

DB-25 jacks , female, ma te wlW-2 below

Light Emitting Diode (LED ), choice of color

Resistor, 1kn , \ /4-watt

Serial cable, 9 conductor, straight-thru (not null-rnodem), w/female
DB-9 on one end (see text)

Parall el cable, 25-conductor, shielded, DB-25 male -todB- 25 male

IC Socket, 16 pin, DIP, Low Profile
Best is DigiKey

IC Socket , \4 pin, DIP, Low Profile RS# 276- 1999, Best is DigiKey

Mounting studs

Pin-li ne sockets, see Chapter 3

Metal project box

All parts numbers are
DigiKey or Radio Shack
unle ss noted
Souree and Part #

RS#276-1537 or 276-153 8

RS#27 6-1548

RS# 276 - 1622

RS# 27 1-132 1

RS#26-249

RS# 276-\ 998
AE-7216

AE-7214

RS# 276 - \95

A-20S

RS# 270-253

More haek thanfaetory!
This PRO-2004 has an (early) CE-232 interface, S-meters (analog and LED)
25,600 channels , Dataffone Squelch, SCA decoder , and much more.
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Figure 8-2: CE-232 System Block Diagram

IBM/PC Compatible Computer
512-k RAM (min) - MSOOS 3.1 /up

seoo-ees COM/Serial Port

[JJ

/'
COM! or COM2 seriol port on ~.-/

computer with male OB·9 or .-/

OB·25 connector

length of the seriol coble is not

critica!. Successful results have been

achieved at lengths to 250ft. longer is possible.

Stroight.thru serial cable with a female OB·9

..------------ connector on the CE·2J2 end and either a

female OB·9 or OB·25 on the other end to

match the computer's COM 1 or COM2 part.

See W·l in Parts List..

NOTE: Pins! ,4 ,6 & 8 are jumpered

but do NOT connect to the CE·2J2 . "

Pin. 7 & 9 don 't connect to onyth ing "
\

User ........ -.,

SWItches +-1- -.,

Op/ianal

r_-------------...Oulllyl.O
r_-------------. OuJllyl. 1
r-------------.. Outlly te 2

.....----------... Ou.5yte 3
r----------l~ Ou'Ily te 4

r--------+ Ou.Ilyte 5
r------...;..,~ Ou.llyt. 6

r----....,.~ Oulllr l. 7

O plioool
Inllyte O

Inlly•• 1

In8.,I. 2
InByt.3

InByte 4

InByt.5
Inllyl. 6
InByt. 7

Female OB·9 connector on the end of the serial

cable mates with a male DB·9 Jack on an extemal

project box or on the raar of the scanner.

BAGAA BB CC 00EE
FF
GG
HH
11
JJ

I

; NOT E: The CE·232 con he built inlo omelol
i pro ject box ond contoined wilhin the doshed
; box as shown bere. Allernolively, il can he
; insla lIed inside 'he scan ner . In either case, the
; o nly req uired co nnoctio ns 10 the scan ner are
; Points H rhru Z. M·n are purely optionol.

O p'ioool ....;...----------,

Op /ianol
Slo lus Inp ut 0

Slolus Inpu l 1

Slolus Inpu l 2

Sic te s Inpul J

Stotus Input "

Stalus Input5

H JKLMNOPQRS TUVWXYZ

CE-232

Internal connections to the PRO-2004/5/6
~ © 1994
ICOMMtronic9 Engineering
; All Rlgh19 Reserved

Scanner :
R7 13

zR S T U

See text ond connection
diagram s ior jeur scanner

" ~" Cable lor extemal installations
This cable must not exceed 6.ft length.o • • 0 : '; or hard wiring for intemal insta lIs
...... .. .. .. ... .... ...... .... .. . .... ....... ... ... . ... ....... /

o R5
W

1 2 3 4 5 6 7 8 9 R4

To Pins 1·1 J of scanner's Keyboard Connector as shown

• • • • ·See item W.2 in Parts List.

H J KLM
... ......1.... ...1. ......1... ...... .

.,. : 2 4 10 12 15 :

! U, 74HC4050 7: I
I : Buffer 8 ,

: f· · · · · J· ·· · · I · ··· · 'l · ·· · ·l ·~n:n.r
SI SCK CS CO sa Grnund

To Scanner's
logic/CPU Board

I . Ta + 12. DePo.... ,
L-{> (+8 '0 l èNOKj
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Figure 8~3: CE-232 schematic

© .19904 CO~tronics Engineering
All Rightl Res.....-cl

I
1

This diagram is for CE·232 Boards

, with 0 PCB marked on the solder side

i'CE-232 COA.1MIronies Engineering'
IUse eorrect monuol lor your boord.I

1
L-.__.. . ._~J

CONTROLOf
THESCANNER

+" +"

J.4

28
Vdd

Pf'3 "RxO
2. TlO Pf'2 '6

Pf'1 '7 1
Pf'0 '8 To_

«eyboord 2

IC-3 Connector 3
0'01-0'" 4

MC68HCll Fl FN

26 PGI Inbrt-- J JU·2
2. PG3 Inbrt--3
22 P~ Inb,.,..,

20 PG7 Inb,.,..7 13Pl'7 1
16 PC7 0utbrt--7

Pl'6 12
I. 1'0 Outbrt--' ,

0utbrt--3
Pf" 3 IC·5 'S 512 PC3

10 PCI 0UIbrt-- J
Pf'. 6

T
To_

6«eyboord• PCO 0UIbrt--0 1 74HC U Connector 7
3 4066 V ot 05..08 8
8

10
27 PGO Inb,.,..O

30 P02 DoNClIIUHI

23 PG2 Inbrt--2 JU"
23 P~ Inbrt--. JU3-6
21 PG6 Inbrt--6

13 PC6 0utbrt--6 1'S3 • 13
13 ~ Outbrt--. 1'S2 .8 12
3 PJW DoNoIUHI l'S1 • 3 IC·6 9

11 PC2 0utbrt--2 I'SO Ta_
«eyboord 10

1 7"'HC Connector 11
3 "'066 ot .....7 12
B

33 PA7 SIatus Input" 10

38 PM ~lnput2

37 "A5 Status Input 3 N 13

.0 PA2 StatusInput J +3' G<ound

.1 "Al Status '"pof 0 - JU-6
I.

36 PAb Status Input .. 13 --<I AA
6 AA31 MOSl

32 sa IC·7 <I BB User

33 ss BB Switd1e~

.2 PAO SPST
3. PAJ 74HC CC

4066
CC +5,@25-m.I. IRQ DO

m...

DO
1. mQ
17 mEi'
6B VRH

I '1·······<·r·· .. '

I IC-1 I
lil IC-4,5,6,7,9~

Top !
, View t

i l I I
I ~ ~ I

l J

11

12

16

+"

IC·l

13

AD·232

MAX.232

IC-8: 1 = OUT +5v
2 = GROUND
3 = IN +12v

IC-2 1 = RESET
2 = INPUT +5v
3=GROUND

FOR REALISTIC "'PR0-2004/516 SERIES AS SHOWN HERE
(Vou must acquire specific instructions for other scanners)

C·3
22.~

'1+

a Mandontol)' Input/Outputs

• Optionollnpuf/Ovtpun

... rn~foll.d in scenner:
not on CE·2J2 Board

RTS

RI

GND

r TO THE
i COMPUTER

J-l
D8·9 Serial
Plug la pc',

COMlorCOM2

TxD

RxD

CTS

DSR

W~l DeD
serlQI
ecble DTR

>> • Dlrecfion of Signal Flow

n/c ... No Conneeften Unless lmtructed

• • Svldered conneetien on PCB

fJ..I
I'JIr.ll

IC-9

( DATA fROM SCANNER'S )1
,Logje/CPU Boord .

C3-C1D -.
6 ea O.l-J.lF

IC·2
MC34064

or
Tl7757C

DCPOWERluwe"y trom sca~
lP ·4 lp·3

+126vtjPQ Q+11vtyp
1"""""'-"""'11

+ 12.6v H
1+8 to 16'1 1>------+A/'0r+_---I

Ta l':k~

;/~:J Oplional

"'ound 1>--'-....--......;.--..---......;.-....
N

Ta
J2/W2
if used
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Figure 8-4: CE-232 circuit board - component side

T0 Scanner Keyboard Connedor

at 01-04 at 05-08 at R4-R7

Spore
Ground

N--+l~

1C-2
MC34064

or
TL7757C

TP-5~
+5v
IC2 Pin 1

/
UU vv

NOTES:

Cheek3
: The Ultimate Scanner

User Switches
AABBCC DD

H
o

R·3 }:Opt,onal
]·k ':~

.;::tt:.

TP·3
+11.0v

JU·7
under

R-2 & 1C-8

.~M~'::'-H& TP.A
+12.6v

N & TP-l
Ground

TP-2
+5v Reg

.... -:;::::Q+-N
Ground

CAUTION Observe proper posrtioning
ofallICchips, resistor networks (RN),
and capacitors marked with a '+' Dols
onIC's and RN's signify Pin-1

1. Input/Output points are designated by letters A,B,G,H through Z, and AAthrough ZZ. C thru F are on the DB·9 connector.
2. Input/Output points con be hardwired to their destinations, but use of PinLine Sockets &Plugs is highly recommended.
3. Input/Output points EE thru ZZ are non-essentie] and con be disregarded during assembly. PinLine Sockets are suggested however.
4. Test Points: TP.1 is ground. TP·2 is regulaled +Sv. TP·3 is DC input 101C·S. TP4 is + 12v In 10 R2. TP·5 is special +5v to IC·3.

Currenl drain of Ihe CE·232 is calculated by: (((Volts al TP.4) - (Voltsal TP.3))+ R2) = typical: 1.6v/1 00 = 16 ma (13.1S ma OK)
5. Voltage at TP·5 is critico!. Ifthe microprocessor IC3 is ok, expect +Sv. Ifany problems with X·1 or IC·3 circuits, TP.5 will be O·v.
6. THIS DIAGRAM is for CE·232 boards dislributed AfTER 1/1/95. This board is marked on raar: 'CE·232 COMMtronics Engineering'

Previous versions of this board are marked "HB·232" and "9217" on the rear. Use the right man ua I for your version of Ihe board.
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Figure 8-5: CE-23 2 circuit board - solder-s ide

16 1

I

NOTES:

3_1"
8

1

\~

1. Square pads are Pin #1 for IC's and RN's and (+) leads of capacitors.
2 . IC Pin Spacing in the vertical and hor izontal planes is 0 .1"
3 . Mount ing ho les and IC-3 access holes are l/S" dia .
4 . CAUTION: This pa tte rn is NOT to scole , but is accurate ly proportioned .

It will be just right if reduced to where IC pin centers are spaced exoct ly 1/lO-inch apart ,
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FOLLOW"INSTRUCTIONS

Before we get into the detail of this project, I
want to teil you a (truc) story. When my
daughter, Ah, was a IS-year-old IOth grader, I
gave her a draft copy of the Parts Layout with
these instructions. With no other special
preparation or guidance, she was able to obtain
all the correct parts from our component bins and
successfully assembie the first production HB
232 board. It worked the first time out!

She made no errors, and the only input I gave her
was at the end when I insisted on pressing the
microprocessor chip into its socket myself (I
should have let her do it). The point is that I gave

Cheek3
: The Ultimate Scanner

her no real help, and from the few questions that
she raised I was able to make these instructions
even c1earer and to the point.

For a painless assembly of the PCB, you need
only follow the diagrams and instructions. The
procedure is a proved method and should be clear
even to those not highly experienced with this
line of work , like my daughter used to be.

NOTES: A mention of "No Polaritv" in these
assembl y instructions means the component can
he installed either way. Inspeet for solder blobs
and bridges after every step. Leave all IC's and
the microprocessor chip in their original packing
until needed.

Aresister's color code begins
with the color band closest to
one end, followed by the 2nd,
3rd, & 4th. Disregard any 4th
color band.

Don't torget!

A marking of 'K' or a
band denotes the cathode
of a diode. The unmarked
end is the anode

Electrolytic capacitors are
rnarked with (.) lead in most
cases, but the short lead is
always (-) toa.

--[101---
1st Color -(J
2nd Color A A A A
3rd Color - V V V V--

Pushing the limits
Here's the Intercept Technologies Voice Activated Digital Electronic
Recorder (VADER) for use with the CE-232 Interface, 16 Mb of audio RAM
for 1 hour of continuous recordings, perfectly synchronized with the CE-232
activity log file.
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PAR'l'S·.,D.• -·.··A·.··REJlIEW

The banded end of a diode is the cathode. The
unbanded end is the anode. The cathode is
schematically represented as the bar while the
anode is the triangle.

A lOMO resistor is color coded Brown-Black
Blue, a lkO resistor is Brown-Black-Red, a
1000 resistor is Brown-Black-Brown, and
47Kn resistors are Yellow-Violet-Orange. Zero
through nine goes: black - brown - red - orange 
yellow - green - blue - violet - gray - white.

Resistor Networks (RN's) are identified with a
dot or a bar at the end where pin 1 resides.

Pin 1 of most IC chips is identified from the top
by a dot or hole next to a notch at one end of the
chip. Pin numbers increase in a counterclockwise
direction around the perimeter of the chip, as
viewed from the top.

Capacitors C5-1 0 and C 13-14 are non-polarized
and may be installed either way. The eight little
(usually yellow) capacitors look alike at first
glance - it' s up to you to keep them apart.

The rest of the capacitors are electrolytics, clearly
marked, and must be installed with the proper
polarity. The negative (-) lead of these capacitors
is marked on the side next to the lead.

PROCEDURE
A. Install and salder the 68-pin Microprocessor

Socket, XU-3.

B. Salder all except those few pins that dead-end
to na traces or pads. Use a thin-tipped
soldering pencil, and position the tip sa that
entry is from ABOVE the pin, not from the
side. This will minimize chances of salder
bridges from one point to the next.

After all pins have been soldered, examine
each with a strong light and a magnifier to
ensure that each salder joint has "taken"
properly and that there are na bridges or
blobs between pins.

Do not skip this Quality Assurance
procedure!

C. Install and sal der all eight jumper wires on
the PC board. Note the short jumper (JU-8)
near IC-2.
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1U-1 is on the BOTTOM (solder) side ofthe
PCB. JU-2,3,4,5, and 6 are near the ends of
IC4,5,6 and 7. JU-7 is near IC-8 and R-2.

Use #22 to #30 gauge solid copper wire for
jumpers, OR you can use snipped component
leads. Make the jumpers neat and clean.
Avoid shorts between pads and traces. Snip
excess wire from all jumpers.

D. Insta11 IC soekets for IC-1 ,4,5,6, and 7,
observing the proper locations of all pins #1.
Insert one socket at a time, and salder the #1
pin of each to its pad.

Then, pushing down on the socket from
above the board, melt the salder at pin 1 sa
that the socket slips in and seats flush with
the top of the board.

E. When all soekets have been seated, salder the
rernaining pins of each to their respective
pads on the bottom of the board. Snip...

By the way, a strip of3 pin-line soekets
makes a good socket for /C-2 and /C-8.
Purists will solder these and all other IC's
with exception of /C-7, though. Soekets are
best for the novice hacker.

F. Install Resistor Networks, RN-l, 2, 3, and
4. Be sure the #1 pin of each resistor network
is properly positioned before inserting into
the holes.

Pin 1 is designated by a dot toward one end
of the "chip." Figure 8-4 shows the proper
orientation of each resistor network. Snip...

G. Pin-line strips:

Install a 6-socket strip in the Input/Output
holes for Points EE-JJ next to RN-3.

Install a 9-socket strip in the Input/Output
holes for Points SS, TT, VV, XX, ZZ, RR,
PP, NN, and LL next to RN-2.

Install a 2-socket strip for Points Land M.

Install a 3-socket strip for J, I, and K

Install a 5-socket strip in the Input/Output
holes for Points WW, YY, QQ, 00, and MM
next to RN- i.

Install single soekets in the spots for UU and
KK next to RN-l.

Insta11 4-socket strips in the spots for O-R, S
U, and W-Z.
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CC~~ and [ jI)

lnstall a J-socket strip tor B G .

Install single soekets for Point H and al!
Points N.

PIN-LINE NOTES:

LPIN~LINEsoekets are available from
DigiKey, (800) 344-4539, Part # A-208.
AtlQthersourceof Iow-cost pinoline
sOClcetsis HQSFELT Electronics, 2700
SunsetBlvd, SteubenvilIe, OH 43952,
(8QO) 524-6464, Part #21- 15 1 (10 pin),
#21-128 (16 pin) and #21-161 (20 pin).
Hosfeit Eleetronies mayalso have other
cOllfigurations of pinoline soekets.

2.Useof pinoline soekets is optional, You
eanláter hard-wire to all the points if you
wish. Pinoline soekets are a touch of class,
however, that make future work, sueh as
troubleshooting, a heek of a lot easier.

3.Ifyou are not going to use pinoline
sockets, then skip this step altogether.
Hard-wiring wil! come later.

H. Install two capacitors C-13 and 14 (22pF),
possibly marked "220" and "AI]" on one
side; disregard markings on the other side.

Do not confuse these capacitors with CS-I O.
which look exactly like them except for the
markings. No polarity. Snip ...

1. InstaII six capacitors CS-IO (O.lllF),
possibly marked "104" and "C IK" on one
side; disregard markings on the other side.
No polarity. Snip excess leads.

J. InstaII C- I2 ( IllF/35V) near pin 6 of RN-4,
observing the (+) polarity. The (+) terminal is
not marked, but IS the LaNGER lead of the
two. The (-) lead is shorter, identified bv a
wide stripe with a (-) and a ">" on the stripe.

K. Install C- i 5 (1IlF/35V) ncar IC-S. observing
the (+) polarity. The (+) terminal is not
marked, but is the LONG ER lead of the two.
The (-) lead is sho tter and is identified bv a
wide stripe with a (-i and a ">" on the stripe.

L. Install C-I! (4.711F/35Vi near RN-3 .
observing the (-+'l polarity Cl i looks

. The Urtlrnate Scanner

dlffcrentl y.
tnc tc;

!\1. 1n5t311 Cl. 2,3, and 4 (22uFI16V). the
capacitors near IC-I . Obs~rve (+) polarity
using the methad in Steps Hand 1. Snip...

N.

~ I~Install R-j near pin 6 of
RN-4, no polarity, standing on end or laid
flat with the leads properly bent, as shown in
the sketch above. R-I = 10MQ (Brown
Black-Blue). Flat is preferred. Snip....

O. Install R-2 near C-IS. It MUST go flat and
bridge over JU-7. It is okay to raise R-2
above the board a little because each end is a
Test Point at which you'II measure voltages.
Ease of access to the ends of R-2 is a big
consideration here.

One pin-line socket soldered to each end of
R2 makes a nice Test Point. Take a look at
the drawing below.

R
N
3

P. InstaII X-I, an 8MHz crystal, no polarity.
Partially insert its two leads into the holes
provided and then bend X-I back 90° sa that
it lies flat on top of C 13 and 14.

Pull the leads tight from undemeath the board
and solder. Snip excess leads.

This method offers minimum vertieal
clearance but X-I can also he installed
straight into its two holes, flush with the
board, otherwise.

The latter method is technicallv best for the
sake of shortest leads, but X- fis the tallest
item on the CE-232 board and could interfere
in light installations.
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PROCEDURE
Now that the cable question is out of the way, the
rest is a lot easier. Before you physically mount
the female DB-25 connectors on the scanner and
metal project box, you'll be wise to lay the two
loose female connectors side by side and prewire
each one so they're exactly alike in color codes.

Each wire bundie can be cut and trimmed to the
approximate correct length after mounting the
connectors. Then, when you install the DB-25's ,
mount them so the SPARE unused pins face up
and are accessible for future use .

After the DB-25's are installed, then and only
then, route and solder the wires to their
respective termination points.

fJSE/$TANDARDPARTS

If the idea of install ing DB-25 connectors doesn 't
appeal to you , there is another way to keep things
smart and still simple, Buy two shielded 25
conductor parallel cables , one with male DB-25

recommend will help keep things consistent - ij
you will adhere to them. If you won 't, then wire
up one point at a time and one wire at a time,
making sure that each wire originates and
terminates at the right places. Also, tag each wire
(in lieu of color code) so you can troubleshoot if
necessary.

When questions are thrown at me, I am much
friendlier when I find your compl iance with
standardized wiring procedure.

Extemal installations can make it tough to track
things, which is where our CE-232 Wiring Plan
shines. It's standardized.

The first step is to use female DB-25 connectors,
one mounted on the rear panel of the scanner and
the other on the rear panel of the CE-232 box .
This allows interconnection with a cheap and
commonly available shielded parallel cable, with
male DB-25 connectors on each end, cost of
which is about $10 anywhere. Do NOT under
any circumstances, use "ribbon cable" for remote
installations, and preferably not for intemal
installations, either.

STAN~~i{"'ZEDW.IRINGTSÇHEMES

The first years of distribution of the CE-232
taught us several lessons, the first of which is
that our instructions are good. Most hackers are
successful the first time out.

But there have been a few problems that stand
out in our notes, and they will be shared with
you . These errors occur in the wiring and point
to-point connections.

The first four editions of the Interface and
Manualleft the wiring up to the hacker, and for
most that was sufficient but a few had trouble.

This procedure will standardize point-to-point
wiring to reduce eITors during installation.
Regarding the CE-232 Wiring Plan, Tables 8-2
and 8-3 , you may disregard if you see fit.

If you stick to it and run into trouble, 1will be
better prepared to assist with remedial measures;
call it "both playing to the same sheet of music."

Whether you choose to install your CE-232
inside the scanner or in a metal project box, at
leaast 19 wires are to be connected between the
scanner and the CE-232 printed circuit board.

That' s a lot of wires to keep track of, and to trace
down late r iflwhen something doesn't work.
Actually , there's not much to say about intemal
installations except that the color codes I

Q. Install IC-2 near RNA (looks like a3-lead
transistor), observing the proper polarity of
the 3 leads. (Flat side faces RNA.) Snip...

Install IC-S near RN-3 (also looks Iike a
3-lead transistor), observing the proper
polarity of the 3 leads. The rounded side
faces RN-3. Snip ...

;~ <PJPHg,!;~t}i{~hii?a~~dê
': the ~()~f~ öfthe rest of yoiiüi~äririer's

····lifè:i:iritemaJ or extemal insti111átion. .

. he next few pages ' ~resent a
stand iring seheme for whiëhever

ou decide. Those pages offer insight
to .. final steps of the: conneetión of the
CE::'Z3Z:PC boardto the scanner/and

·~.pre ju~~JJi{~~iJ~~êS
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on each end and the other with female DB-25 's
on each end . After that, it' s almost intuitive,

Lay aside the one with the male OB-25; it will be
your interconnecting cable later. Now cut the
female cable a certain distance from each end to
have enough length to use as "pigtails."

That is, you'll drill a .\ " hole in the back of the
scanner and another in the back of the CE-232
project box.

Cheek3
: The Ultimate Scann er

Now slip a cut female cable into one of the holes ,
cut off excess cabIe , strip enough of the
insulation for the individual wires to flare out and
go to their respective tennination points.

Make a note of color codes : one color for each
CE-232 Wire or Point, and use the same color
code at each end to keep things straight.

I' II show you , and you can choose.

Look at Table 8-2.

Figure 8-6: Wiring the computer to the scanner

Point H is assigned to
OB-25, Pin 14 to carry + 12v trom the scanner to
the CE-232 Board. See the 'Standardized CE·232
Wir ing Plan' tor the rest ot the pin assignments.

CE·232
Board

H

H
+1 volt s SCANNER
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Table 8·2: The Standardized CE·232 Wiring Plan

Wiring trom CE·232 Box or PC Board to Terminations in Scanner

16 7

I --------------Z ---------------------- White --------------------------------
2 --------------Y ---------------------- BlackJWhite-------------------------
3 --------------X ------- --------------- Brown/White------------------------
4 --------------W --------------------- GrayfWhite--------------------------
5 --------------V ---------------------- GreenfWhite ------------------------
6 --------------U ---------------------- Blue/White --------------------------
7 --------------T ---------------------- VioletlWhite ------------------------
8 --------------S----------------------- Tan/Orange -------------------------
9 --------------R ---------------------- Yellow/Orange ----------------------

10 --------------Q ---------------------- OrangefWhite--------------- --------
II --------------P----------------------- PinkJWhite--------------------------
12--------------K ---------------------- Tan -----------------------------------
13--------------0 ---------------------- Red/White---------------------------
14 --------------H ---------------------- Red ------------------------------------
15 -------------- ------------ ---------------------
16 -------------- ----- ------- ---------------------
17 ----- --------- I ----------------------- Gray----------------------------------
18 ---- ---------- ---- ------- - --------------------
19 --------------M ---------- ------------ Blue ----------------------------------
20 -------------- ------------ ---------------------
21--------------DD (1) ---------------- Yellow (Demo of a User Switch) -
22 --------------JJ----------------------Green (Demo ofa Status Input) ---
23 --------------L --------- ------------- Violet --------------------------------
24 --------------J----------------------- Brown--------------------------------
25 --------------N ---------------------- BlackIYellow ------------------------

CE-232
OB-25
Pin No

CE-232
Wi re/Poi nt I.O.

Wire Color
Codes for Inside
CE-232 Box/Sca nne ~

Termination Points
Inside the Scann er, o r
Notes & Function

.......PRO-200SI6 I PRO-2004· Pin No
Row-4 CN-SOI iCN·S02 -Pin 12

Row 3 CN·SO1 ICN-502 - - Pin 11

Row 2 CN·SOI ICN-502 -- Pin 10

Row 1 CN-50 1 ICN-502 - Pin 9

Column 1 CN-5011 CN-S02 - Pin 8

Column 2 CN·SOl l CN·S02 - Pin 7

Column 3 CN·50 1 ICN-5ü2 _••- Pin 6

Column 4 CN-50 1 ICN-502 - Pin 5

Column 5 CN·SOI ICN·S02 •••- Pin 4

Column 6 CN·SO 1 ICN- 502 - Pin 3

Column 7 CN-SO 1 ICN-502 - Pin 2

CS - Chip Select ------------------ CPU
Column 8 CN·501 ICN-S02 _•••• Pin I

+12 to +14 volts, DC
spare
spare
SI - Serial Data ------------------- CP U
spare

SQ - Squelch --------------------- CPU
spare
User Switch -I: Beep Vol: DD(2)ground
Stat us Input 6: Squelch Break Indicator
CID - Command Data ----------- CP U
SCK - Serial Clock -------------- CP U
GND - Ground e N-5ü I ICN-S02-- Pin 13

Wiring Between the CE-232 DB-9 Input Jack and the CE-232 PC Board

D8-9 CE-232 Wiring
Pin # Wire/Point ID Color Codes Notes/Function

I E Bare Jumper No Conneet to CE-232
2> ------------B ---------------------- >GREEN --------------------------------->RxD - Receivc Data
3> ------------A ---------------------- >PINK ------------------------------------>TxD - Transmit Data
4 • ...............F Bare Jum per.. No Conneet to CE-232
5> ------------G ---------------------- >BlackJOrangc -------------------------->PC Ground to CE-232
6 • ...............D Bare Jumper. No Conneet to CE-232
7 none No Conneetion No Conneet to CE-232
8 C Bare Jumper No Con neet to CE-232
9 none No Conneetion No Conneet to CE-232

NOTES: The unused User Switches (AA, BB, CC) ean be wircd to any of the above SPARE pins on the DB-25
connector, if and when you need them.

The 8 OUTBYTE, 8 INBYTE and five of thc six INPUT STArus registers are not wired to anything.
These functions are up 10 you 10 implcment and use 35 desired. Sec Manaal.

Status Input CH) goes to IC-2. Pin 13 in the scanner through a 4.7-kfz limitcr/safcty resistor.
User Switch (Dl)) shcwn hcre is used to turn the BEEP on and off It wires straight thru to the BEEP

line: (PRO-2005!6 is e N-] , Pin 8) (PRO-200'+ is eN -Sool, Pin 7) Usc CTRL+F+ for On/OIT
• Pins 1,'+,6,8 are jumpcrcd, but go nowhere.
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Interesting views of co bbled-up scanners. Cal! you tel! which are prototypes (my fault )
and which were sent to me for "help ?"

A massive assault on a PRO-2006. The bottom are of the 2004/517 and the 2035 can be stuffed! Shown
here, left to right, are: Remote Control. Extended Delay, LED Center Tune and S-Meter, and a computer
interface! Note the DB-9 connector where the AC cord onee entered the chassis. And therc's still room for
more down there ...

A PRO-2004 with 6,400-channel Extended Memory and Keyboard
Memory Block Controller. Old-style SRAM, but sti ll works!
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CE-232 Board

_--...,.6
___---:,. A

B

Rear View of the
male D8-9

~=ONNECTOR_S~ C"~~LES

/" Straight-th ru seriel cable
( with female DB-9 on end

~ /
/

CE.232
WîRE TE RM l i~AT iO ~; POir--JTS Po int cr

COL O R_ÇC)L2I DESCRlPIlON PRO-2005/ 6 I .PRO -200.1 y.lire I.D.
-

Z 'N f-1 ITE Row.4 0; -50 1 I CN-S02 Pin 12 Z
H RED + 12 volts, DC-- R-229 I R-23S H
Y BLACK/WHITE Row-3 CN-SOl i e N-S02 Pin 11 y

Spare

X BROWN/WHITE Row-2 CN-SOl I CN -S02 Pin l a X
Spare

W GRAY/WHITE Row-l CN-SOl I CN-S02 Pin 9 W
I GRAY Si - Seriel Doto - - CPU: see instrud io ns I

V GREEN/WHITE Co lumn 1 CN -SOl I CN.S02 Pin 8 V
Spare

U BLUE/WHITE Colum n 2 CN-SOl I CN -S02 Pin 7 U
M BLUE SQ - Squelch CPU: see ins trud io ns M
T VIO LETIWHITE Column 3 CN -SOl I CN-S02 Pin 6 T

Spare

5 TAN/ O RANGE Co lumn 4 CN-SOl I CN -S02 Pin S 5
DO YELLOW Beep Vol: CTRL+F4-CN-3 , Pin 8 I CN-S04 Pin DO

R YELLO W/O RANG E Column S CN-SOl I CN-S02 Pin 4 R
JJ G REEN Status Input 6: Squ e/ch lC-2 , Pin 13 via 4.7-k JJ
Q ORANGE/WHITE Co lumn 6 CN -SOl I CN-S02 Pin 3 Q
L VIOLET C/O - Comnd Data- CPU: see ins tructio ns L
p PINK! ...VHITE Colum n 7 CN-SOl I CN-S02 Pin 2 p

J BRO WN SCK - Serial Clk- - CPU: see instructio ns J
K TAN CS - Chip Select- - CPU: see instruction s K
N BLACK/YELLO W G ND - G round-CN -SO1 i CN -S02 Pin 13 N
0 RED/WHITE Column 8 CN -SOl I CN -S02 Pin 1 0

.. Solder a short, bare wire Irorn Pin-25
.........~ to the DB· 2S meto l shell to improve ground.

-..............---.. ->-----------------

/ lafJ!ltl/àIlËI~~~~\
c - ~
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Figure 8-8: CE-232 board, assembIed - two views

Cheek3
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Examine these illustrations, which show component location and orientation. Note the liberal use of pin
line connections to increase flexibility and permit quick disconneet. etc.

STANDARD CE·232 WIRING PI.AN

The final steps of this section help you conneet a
wiring harness to the CE-232 board. How that' s
done depends on your choice of installation,
intemal or extema!. No matter which way, the
preferred starting point is to instal! a pin-line
socket strip at each group of Input/Output Points
on the CE-232 board sa that the female soekets are
exposed.

This facilitates making your own connectors for
the CE-232 board using identical pin-line soekets
as on the board, with the male plugs exposed and
wires soldered to the female soekets. Thev mate
perfectly and allow for quick conneets and
disconnects. See Figure 8-7.

YOUR .CHOICE

lf you don 't understand this concept, or don't
want to bother with it. then go ahead and salder
wires to each In/Out point. Refer to the wiring
guides and diagrams ,

The wire length should be kept to a minimum for
your choke of installation, For instanee. if the
CE-232 is installed insiele the scanner the wire
bundie frorn the board 10 the dest ination points
should be kept short consis tent with ne atn ess and
case of routing.

For external installations, the wiring wil! consist
of two phases:

(I) wiring the VO points on the CE-232 to a DB
25 connector installed on the metal box, and

(2) wiring a DB-25 connector on the back of the
scanner to its termination points in the scanner.

In either case, choice of wire is critical, Do not use
the stiff, single or multi-strand hookup wire from
Radio Shack. Ribbon cable is not recommended.
The best choice is to pull the color-coded wires
from Radio Shack's "2S-conductor LAN cable."
#278-776, if you can find same.

WIRING,CONTINUED

Review the wiring layout shown in Figures 8-4
and 8-6, and study Table 8-2 befare performing
Steps R - Y. The guide provides sorne alternative
ideas, and you must make a commitment one way
or the other.

No matter which installation you choose, Steps
R-Y are a guide only.

R. Salder wires A, B, and G to their respective
termi natien points or pin-Ene plugs .

S, Salder wires J, 1, and K to their respective
termmation points or pin-Iine plugs.
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T. Salder wires Mand L to their respective
terrnination points or pin-line plugs.

U . Salder wires Hand N to their respective
terrnination points or pin-line plugs .

V. Salder wires 0, P, Q, and R to their respective
termination points or pin-line plugs.

W. Salder wi res S, T , U, and V to their respective
termination points or pin-line plugs,

X . Salder wires W, X, Y, and Z to their
respective terminatien po ints or pin-l ine plugs.

Y. Salder wires AA, BB , CC , and DD to their
respective terrnination points or pin-line plugs.

Z. Salder wire JJ to its respective termination
points or pin-line plug.

AA.Install all IC's in their soekets now - IC land
ICs 4-7 first.

BB. The pins of these IC's are probably spread a
little toa far apart to fit your soekets. Grasp the
ends of each chip's body between your
thumbs and forefingers with the pins away
Irom you and lay the chip against a flat, hard
surface.

Push ing downward, force the ch ip body
tow ard the bottom row of pin s Iying on the flat
surface . This wil] cause the row of pin s to
flatten a little.

Flip the chip over and repear the procedure to
the other row of pin s. Then co mpare the pin
alignment with the pin s of its socket. If they
match, press the chip into the socket, ensuring
proper orienta tion of pin # 1. Repeat this
procedure for all five IC' s : L 4, 5 , 6, and 7.

Cc. CAREFULLY unwrap the foil pac kag ing
fro m the Microp rocessor Chip, IC-3. Avoid
touching its pins on the perimeter (sides) of
the chip. Ho ld it between thumb and
fo refinger on its top and bottom, not the sides .

Facing the TOP side of the ch ip, look for one
of the four co rners that has a tiny flat corner
instead of a sharp one. This flattened corner
must mate with the co rt esponding tlattened
corner of the !eadless chip carrier socke t on the
CE-D2 boa rd . The flattened corne r of the chip
will be next to the crysta l, X-I.

DD.Carefully lay the microprocessor chip into the
open area of the chip soeket, bu t do n't force it
in, just lay it there sa that it rest s with the
flattened corners alizned. Jiggle the chip a little
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with something like a small screwdriver sa
that it settles into the chip carrier socket
slightly. It won't actually go all the way in
because of back pressure from the pins of bath
the soc ket and the chip. Just make it lie in the
opening as flat as possible, with all pins
aligned.

EE. Now grasp the CE-232 board with the four
fingers of each hand on the bottom of the
board and your two thumbs resting on the top
of the mic roprocessor chip.

Be gin exerting an even pressure on the top of
the chip to force it down into the chip carrier
socket.

Be gentie at first, ensuring that the chip
remains relatively flat. Increase pre ssure
gradually , watching the chip as it is pressed
into the socket.

If one edge of the chip suddenly drops in a
little more than its opposite side, then exert
more pressure on the opposite side to even
things up again . Avoid a "bending" pressure
on the chip.

FF.In this marmer, with careful application of
force , the chip will "po p" down into the ch ip
carrier socket. Continue applying increasing
pre ssure until the microprocesso r seats sol idly
into the carrier and can go na farther.

Examine the chip carefully with respec t to the
carr ier.

Wh en properly sea ted, the top surface of the
/lP chip wil! be about 0.5 to 1 mm below the
top edge of the carr ier socket.

GG. Use a good light and magnifier to inspeet all
pin s of the MPU to en sure tha t none gat
crumpled or torgued ou t of alignment.

There are two 118" holes on [hè standard PCB
board s, for the purpose of pu shing out the MPU
chip from the bottom , if ever nec essary.

Radio Shack now sell s the proper extract ion taal:
#2 76-210 1, whi ch is a better way to remave the
MPU .

Thi s concludes the ba sic fabrication and assemhly
of the CE-232 Printed Circuit Board .

At this time , inspeet ALL your work, and
especially the solder-side of the board, with a
strong light and a good magnifier.
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Inspeet for solder blobs, bridges, and unsanitary
looking solder joints. Correct all problems and
investigate all suspicious looking addities. When
you are sure your work is perfect , go have a cup
of coffee.

When you COOle back. check it rhoroughly yet one
more time, and only then preeeed to the foilowing
instructions.

INSTAI.L.A TION INSTRUCTIONS

Study all the wiring diugrarns a 1; .1 illustration- 10

develop ;\ good understand iug of thc hig pictu re

Select ;( (::0:\ 1 (serial) port ,CO.\l1 or COM2) on
vour PC to drive the CE 2:'2. Acquire a standerd.
sî.a ight-thnJ serial cabIe w itl: the appropriatc
connector on one end that mates with your PC's
COÎ\·1 port. The other end should have a temale
DB-9 to mate with the male DB-9 input connector
on the CE-232.

Determine whether your CE-232 Installation will
be internal or external. We suggest externa! for a
variety of good reasons including ease of
maintenance and installation, and the fact that an
external CE-232 can be used to drive other
scanners, toa , provided they are appr opriately
wired. One at a time , of course.

If you ehoase an internal installation thats fine.
but you can be on your own here since the joh is
mostly mechanical (see Chapter 4). Just follo w the
wiring diagrams and pictori als and read the
remainder of this section, which is geared for
external instaIIations, but which wiII also be
applicable in tenns of wiring between the CE-232
and scanner.

POWER SUPPL Y REVISITED

This is my last chan ce to convince you to take an
important step. It will open space for future
modifications, impro ve scanner reliability, and
more . Please do it!

Regardless of how you install the CE-232:
REMOVE THE POWER TRAN5FORMER. T
80 I, and power your scanner with a souree of
external DC to the coaxial power plug on the rear
of the scanner.

External power wil l let the scanner run much
cooler and thereby preserve its life . If you remove
T-80 I , you'II have plent y of roo m in which to
mount the CE-232. The sugge sted external power
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souree should be rated at 12V @ SOOmA at a
minimum with 12V @ IA preferred. The
following Radio Shack power supplies and
AC/DC adapters will work just fine with the
PRO-2004/5/6: #22-120. #22-127, and 273
1653. WARNING: Radi o Shack's #273-1652
has been foun d 10 he inadeq uate, despite its specs .

You could use the AIC powe r cord and a rernoved
1'-80 I in the design of your ow n external r ml/er
supp ly. T·80 1 heat s up the rest of the scanner.
and tb r' " not good . Do sorne thing ab-rut it.

PRO-2004 ONLY (Internal)

Thc CE- 232 board can fit in thc PRO-2004 quue
handil y. on the back of the keyboard panel. Velere
strips will hold it there just fine. Another
poss ibility is in the area just forward of the power
transformer, on either the top or the bottom of the
scanner.

If you insist on retaining an internal supply, it may
be useful to move the pow er transforrner, up or
down andJor to the REAR slightly, to make more
room.

T-80 I is mounted to the chas sis side wall with
two locking nuts and bolts, sa drill ing two more
holes is all that 's needed to move it a little.

Again, I suggest you remove T-80 I entirely and
power the scanner from an external DC suppl y.

PRO·2005 and PRO·2006 ONLY
(Internal)

Space is very limited in these rigs and you need a
lot of it for other modifi cations and gizmos, sa I
strongly urge an external installation of the CE
232. If you insist on keeping it interna!, there are
two possibilities.

One is to move T-80 I a bit up or down and to the
rear to make space for the CE-232 on the side
oppositc the direction in which you move T-80 I.
T-801 is mounted to the chassis side wall with
two lockin g nuts and balts, sa drilling two more
holes is all that 's needed to move it somewhat.

Again, we suggest you remove T-80 I enti rely,
and power the scanner with external De.
Another possibility is on top of the two small
shielded compartrnents just behind the keyboard
on the top right side of the scanner. Th at ' s where I
install 'em.



Computer Interfaces

A very thin layer of insulation should be placed on
the top of these two compartrnents andlor on the
bottorn of the CE-232 board. Clear acetate wil! do,
or any thin plastic. Beware: snipped solder joints
on the bottorn of the CE-232 board are very sharp
and can penetrate plastic.

I have done many of these. however, and a layer
of acetate with Velcro between the CE-232 and the
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plastic will do nicely. You might also scope the
bottorn area of the scanner over that large cutout in
the meta! chassis. As I said, possibilities are
limited,

You decide, but keep in rnind the likely future
need for main tenance, modifications, and general
access .

Figure 8-9: CE-232 internal installation guide

Tope

Male D8-9 ----.:___ :
. _. ' -' - ' -' - 0- 0 - . - ' - ' - ' -' . -. _. _. ' . -. -"r." -...:.-- -- -

Scanner's Keyboard Connector

+12v ---tH
I in scanner N

A B G

CE-232
Board

o
p

Q

5 4 3 2 1

See text and connecfion
diagrams for your scanner

INTERNAL INSTALLATIONS

1. Build CE-232 Board
2. Install a male DB-9 on rear of scanner
3. Make a wiring harness for CE-232 Board: A, B, G, H-Z, DD, JJ
4. Insta!l CE·232 Board somewhere in scanner
5. Fabricate and mount the 74HC4ü5ü Buffer circuit
6. Fabricate and mount the diode/ resistor group to keyboard connector
7. Connect 5 wires to Points I-M on scanner's Logic/CPU Board
7. Connect Wires I-M from scanner's Logic/CPU Board to Buffer as shown
8. Connect CE-232 Wires O-Z to diode/res istor group as shown
9. Connect CE-232 Wi res I-M to Buffer as shown

la. Finish wiring: Buffer + 5v, CE-232 + 12v, grounds, etc.
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CONNECTIONS

If you choose an internal installation, a male DB-9
connec tor should be mounted on the rear of the
scanner and wired as previously show n to points
A, B, and G on the CE-23l. Ex arnine Figure 8-9.

The rest of the points on the CE-232 wiJl be
terminared within the scanner at places discussed
just ahead and in the specific sections for your
scanner.

The rernainder of the instal lation involves point to
point wiring for the most part. Most of the rest of
thi s discussion wil! be focu sed on extemal
installations, but the basic principles - and the
actual connections (what point connects to what) 
wilJ apply to internals as weIl.

Fabricate a short multi-conductor wire bundIe for
the CE-232 's Input-Output points . (You might
have done this in Steps P-YJ A minimum of
nineteen ( 19) wire s are needed here.

Cut the cable to desired length for whichever
install ation you choose: if extemal , then long
enough to go from the CE-232 board to the DB-25
connector; if internal , then long enough to go from
the CE-232 board to the termination points in the
scanner.

EXTERNALINSTALLATION

Install the CE-232 in a suitable Project Box -rnetal
(for shielding) is strongly sugges ted. The CE -232
board can be mounted on two or four metal
standoffs in the box.

Insta!! the CE-232's DB-9 connector on the back
panel of the Project Box. Install the CE-232's DB
25 connector on the back panel of the Project Box.

Refer to the CE-232 Scann er/Computer Interface
Schema tic Diagram (Fig ure 8-3 J, the Component
Location Diagram (Fig ure 8-4J, and the Wi ring
Plan from CE-232 board to Sc anner (Figure 8-JO)
as guides to the designated wiring points on the
CE-232 board.

Use a VOM/DVM (or wire color codes) to keep
track of which wire is used at any given point.

Make a record of pin numbers and color codes.
Solder or bolt the ground wires N and G on the
CE-232 board to the box' s ch assi s.

Install a prewired female DB25 connector on the
back panel of the scanner.
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PIIO;2004 ..... PRO;:2005 , .;..;.PRO~2006 «Ó'FFERENCES ' ···· ········· < 1) .' ' . ....•.....

While the PRO-2004/5/6 are all pretty much the
same scanner (electronically), there are mechanical
differences among them, notably the ir logic
di splay boards.

The PRO-2004's logic-CPU board is all by itse lf
on the bottom of the ma in chassi s, well away from
the separate display board tucked inside the front
panel. The PRO-2005 and PRO-2006 are alike
with a single logic-CPU-display board mounted
inside the front panel.

The PRO-2oo5/6's logie-display board is installed
vertically in the front panel, and that can he very
intirnidating to those who don't know how to get
it out. It's not that difficult, and 1'11 guide you
through it.

Meanwhile, since the PRO-2004 differs from the
PRO-2005/6, they wi11 be discu ssed separately.
W atch for the header title s that apply to your
scanner.

PRO~2004i .•·PRO;2 0 05,·.. andPRO-2006··

These specific wiring instructions are for the
PRO-2oo5/6, followed by tho se for the
PRO-2oo4. The instructions for each call s for
some spIicing, or soldering wires to other wires.
Th is is largely for simplic ity of verbiage, and you
ca n (and should) devi se your own scheme with
pin -line connectors whe rever that helps connecting
one wire to another.

If you must solder the wires directly use good
spIicing techniques, including a bit of heat shrink
tubing inserted over one of the wires before it is
so lde red to the other one. The heat shrink tubing
is pu!led over the so lder joint and heated briefl y
with a heat gun or butane lighter until it shrinks
down tight ly to insulate the connec tion. DON'T
USE TAPE!

I recommend the mini-connector technique , and
one way this can he done is by use of break-apart
pin-line sockets. You'll need two strips of 25 to
make one 25-pin male/female combination.

You may have better ideas , depending on what's
avai lable in your area. Just don't use large
jack/plug combinations because space is cramped
and you need room not only for the CE-23 2 but
also for other modifications in the future.
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Therefore, use proper spl icing techniqucs if other
ideas fail you and if you don't like my pin-line
socket idea . Spiic ing is a good technique for all
round use, with the sing ular liability that qu ick
disconnects/re-connects are not possible .

PRO.;20QSand PRO~2006 ONL Y

FRONT PANEL DISASSEMBLY

NOT&C~blëic(ml1bctÓrs ánd ground
.'strap§s~öuldbe disconnecr èd from the
maincirdiitboard and ehassis, .not from
thelogie/CPU board.

1. Disconn eet the PRO-2ooS/6 from main
power. Remove the internal Memory Retention
Battery . Remove the top and bottom cas es from
the ch assis.

2. D isconneet all wi res and cable bundies that go
from the front panel assembly [0 the main
circuit board. There are six (6) cabl e bundies
and connectors to be disconnected fro m the top
side of the scanner. and one cable bun dIe and
connector on the bottom side of the scan ner.

Disconn eet the tw o ground straps that go from
the log ic/CPU board to the bottom side of the
scanner chassis .

3. Remove 4 (2 on each side) coun tersunk
machine screws from the sides of the fro nt
panel that secure it to the main ch assis. Gently,
pull the front panel assembly away from the
chassis until it's free.
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4. Desolder the bare ground wire from the chrome
metal shield that goes to the area by the VOL
control and push th is wire out of the way
toward s the VOL and SQUELCH co ntrals.

S. Remove the six small screws that secure the
logic/CPU/display board to the front panel.

6. Face the insicle of the front panel as it is placed
in an upright position, and locate the white, 13
pin connector (CN-Sü I ) at the upper left corne r
of the printed circuit board.

This connec tor doesn 't ha ve any wires and
doesn 't loo k like a connector at first, bu t that's
what it is. Insert a small flat blade screwdr iver
under the edge of that connector and gently pry
upward .

The entire logic/CPU/display board should then
slip up, aw ay from the plastic front.pan~l and
come loose in your hands. Handle tt by lts
edges and be very careful, but don't let
paranoia make a criti cal error.

cN-?6·l i~>afetl1~I~s<:>~nectorfor . ··13 Jong
pins· ·.(Ç~..60l) .:th~tl'[9tI'U,geHRfr() m •• tl1e
k.eyboard·.pal1el••u114ein~~th, ~h~~ .y()u } .•

~~)l~~~~~~~~;, JI~~~;~~iiï~;
inCN':501 >but tnèlog1Ç/~1.$p'lflYil&~~ ; , ,,r

separates .•e~ily ..•eijopgl1 ••.fr°tn.··. t.~es~ ;2i~•.S· ••··.·i •.·';::

Usecàuiion.andl'~o~êtth9Se ~èq~~ciors! : '
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Figure 8-10: CE-232 external installation

METi\LBOX

A B G
0

CE-232 p

Board Q
R

N ZYXWV U T S

Tope
Male OB-9 ------'~

r~r
Optionol

LED

r---,.----I H

N

.. t.·······
\ OB-25 females

\ mounted on rear
lof CE-232 Boxand
I back panel of scanner

/
6-ft 25-cond parallel cable
with OB-25 males on ends

See text and connection
diagrams for your scanner SCA"-l\NER '

~ Pop- Rivels or
- - ~ / machine screws

EXTERNAL INSTALLATIONS
1. Build CE-232 Board
2. Inslall prewired male DB9 and female DB-25 on melal box
3. Connecl DB-25 wiring harnessla CE-232 Board: A, B, G, H-l, DD, jJ

4. Mount CE-232 Board in metol box
5. Insloll prewired female DB-25 on rear of scanner
6. Fabricale and mounllhe 74HC40S0 Buffercircuil in scanner
7. Fabricale and mounllhe diode/resislor group 10 keyboard conneclor
8. Connecl 5 wires 10 Poinls I-M on scanner's Logic/CPU Board
9. Conneet Wires I-M from sconner's Logic/CPU Board la Buffer as shown

10. Connecl prewired DB-25 Wires O-l 10 diode/resislor group as shown
11. Connecl prewired DB-25 Wires I-M la Bufferas shown
12. Finish wiring: Buffer + 5v, CE-232 + 12v, grounds, etc.

REAR PANEL or CE-2:52

Cc, o rectonqulcr shope 0<1:~q;:~?6 i.

1Co~~:~:ent1
1
,

'nibbling 1001', just large enough
to exactly fit the D6·25 conneclor.
Allow excess depth so rear cover
lip can elear the D8-25. Also allow
clearance for speaker, etc.

REAR PANEL OF PRO-2004/5/6 SCANNER
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Figure 8-11: Details of conneetion points on PRO-200S16 logic board

This is an inside (backside) view of the PR0-2005/6

Logic/CPU Board. It has to be removed from the

front panel to see this view and to make the required

connections as shown below. Refer to the detailed

instructions on front panel removal.

"·&~;;Ih;~g~;ihi~·ih~d;"~dli~~b;~··
: must ba installed tnside the scanner
: as close to the Logic/CPU Board as
: passible R4· 7 and 0 )·8 must ba
: installed ot CN·SOl as shown. The
; 74HC4DSD Buffershould be instalied
:, os discuseed elsewhere in this Manual

The CE~23i Inie-rfa~e&'~rd-as-showni
I within the dashed line box con either ba I

~ installed at 0 convenient lcccfton lnside I

I the scanner or it can be inslalIed in a

I _m~l.o~ ~~0.i~c!.?o: ~~~~a~l?~h~ ~~n~er.,}

The wires (coble] shown in the gray area
can be short hookup wires if the CE-232
is instolled inside the scanner. For esternol
installations, it should be a shielded cable
ideollya Zó-cond parallel cable with male [ ,
OB.2S connectors al eoch end The lengtj I

~coble should nol exceed 6·ft ,

I . '
5 J

74HC
4050

M

Buffer
Chip

11 Cl:-232
9 K Scanner-

Computer
..9nter/ace

Board

L .-.J
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HOOKUP TO THE CE·232

7. Refer to the pictorial for the PRO-200SÎ6 logic
display PCB, Figure 8-11 . and sold~r S short
(6" ) color-coded wires to the back side of the
logie-display board to points I, J, K, L, and M,
as shown in the pictorial. Make wntten note s of
which wire goes to what point. You don 't want
to forget what went where, sa a drawing
should go into your notebook.

8. Flip the logie-display board o~er s<;> that the
side with the chrome metal shield IS exposed.
Salder the anodes (unbanded ends) of 8 silicon
switchins diodes (lN914/1N4148) to the
sa lder p:ds for pins I through 8 of CN-SO I .
Salder a short wire (2") to pins 9, la, 11, and
12 of CN-SO1. Oress up the 8 diodes and these
4 wire s sa they point up and out from the board
and clip the end s sa that all 8 diodes and 4
wire s are of equallength . About 114" of .
cathode lead on the diodes will be about nght.

NOTE: You can solder in a 13-pin
strip pin-line socket to the 13 holes just
beneath CN-SOl, sa the female side is
exposed.

Then prepare amating 13-pin male strip to
plug into that pennanently solder~d female
strip. The 8 diodes and 4 short wires can be
soldered to the removable "plug."

9. Replace the logie -di splay board back into the
front panel. being observant of the 13. mal e .
pins on the keyboard that have to be lined with
CN-SOI . Press the logie-display board partly
down onto these 13 pins and then dress and
route the newly-installed 5 wires over the
bottom edge of the board sa that they are free
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and accessible. Press down on CN-SOI aga in
until the logie-display board solidly seats in the
front panel.

You might have to jiggle the board a little to
work the SOUND SQUELCH and
OIMMERILIGHT switches through their holes
in the panel. Replace and tighten the 6 Phillips
screws.

10. Resolder the bare ground wire near the
VOLUMEànd SQl.ffiLCH controls back to
the chrome metal shield, taking greatcare to
see that it does not short against oneof the
lugs of the VOLUME Control. Reinstall the
front panel to the scanner chassis. Plug in all
previously removed connectors.

I I. Salder the S wires I, J , K, L, and M from the
logie-d isplay board to their correspo~ding
wire s in the parallel cabIe. Salder Wire N of
the parallel cable to the chrome metal shield ?f
the logie-display board (Ground). Salder Wire
H to the left end of R-229 as you face the front
panel of the PRO-200S16.

NOTE: Use of the 74HC40S0buffer is
optional but highly recommended for ".
intemal installations; it is mandatory for
external instállations:

12. Identify and separate Wires 0 through Z from
the bundie out the parallel cabie . Refer to
Figures 8-10 and 8-11 and salder Wire 0 to
the cathode of 0-1 (at pin 1 ofeN-SOI).

Complete the wiring to the ~ remai~ing diodes
and 4 short wires as shown In the diagrams
and pictorials.

Thi s completes the PRO-200S16 detail section.
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Figure 8-12: PRO-200S16 74HC40S0 buffer conn ections
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PRO-2004ISI6••• -PROTECTION

I have recommended an external installation
because it has so many advantages, but I waited
till now to teil you about the single electrical
disadvantage. In this case . the pluses outnumber
the minus by a huge margin. But, the minus has to
be taken care of because it' s a potential killer.

The CPU needs an electrically clean environment.
If you do an external installation for the CE-232,
you need a simple little circuit to proteet the
scanner' s CPU from external noise , spikes, and
statie generated by nearby or connected hardware.

Since the CE-232 conneets directly to the CPU at
several points (I, J, K, L, and M), the CPU is
susceptible to being zapped.

Provided with my Kit is a 74HC40S0 High Speed
CMOS Hex Non-Inverting Buffer, a l ó-pin DIP
standard IC. If you 're rolling your own, get one.

The 74HC40S0 isolates outputs from inputs and
still cleanly transfers signais. Up to six signal
lines can be protected with one 74HC40S0. You
will need a piece of perf board on which to mount
the chip and a 16 pin DIP IC socket.

This little board is installed in the scanner near
where Wires I-M term inate at the logic/CPU
board. The closer the better.

Build the proteetion circuit on a tiny piece of perf
board - I use a piece that 's 8 holes by 10 holes
with pin-line soekets for the chip's inputs and
outputs to make connections easier and to aid
troubleshooting when required.

Use an IC socket to avoid direct soldering of the
chip.

Loop a stiff copper wire (18 gauge) through two
holes in one corner nearest pins 7 and 8 of the
74HC40S0 and bendlpinch and solder the loop so
that it is tight and about I inch of the copper wire
protrudes away from the perf board.

Solder pins 7 and 8 of the 74HC40S0 to this
ground wire.

Solder this I" stiff copper wire to any chassis or
PCB ground in the scanner near where Wires I-M
from the CE-232 terminate. This wire not only
serves as a ground, but also as a mount.

The idea is to install the 74HC40S0 buffer circuit
close to the scanner's logic/CPU board.

Con neet the wire from Point 'T' on the scanner' s
logic/CPU board to pin 3 of the 74HC40S0.
Conneet the Wire "I" that goes out to the CE-232
to pin 2 of the 74HC40S0.

Repeat this procedure as shown above for
WireslPoints J, K, L, and M as shown in Figure
8-12. Conneet pin I ofthe 74HC40S0 to a souree
of regul ated +SV , as shown in Figures 8-12 and
8-14.

PRO~2004 ONLY --

You guy s have it easier in some way s.

Disconnectjust CN-SOI from the left-rear corner
of the logic-CPU board. Now, remove the seven
screws that hold the logic-CPU board to the main
chassis. Gently, fl ip this subassembly up and over
toward the front of the scanner so you can work
on the bottom side. You do not need to remove
any other connectors.

Refer to the Installation Guide just ahead to see
where to make your solder connections. 18 of the
requ ired 19 wires go to easy spots on this board ,
so relax and do the job carefulIy.

Fabricate and mount the simple 74HC40S0 Buffer
assembly you built onto that small perf board.

Solder 4 short wires from each of the solder pads
for CN-SOS, pin s S, 6. 7, and 9, to the Input pins
of the 74HC40S0 Buffer , 3, 5, 9 , and 11,
respecti vely.

Study this l l-pin connector carefully from the top
first, so that you can identify its eleven solder
pads. At first glance, pin 1 doesn't look like a pin
pad.

Make sure you can identify pin Pads S, 6, 7, and
9 before soldering. Pin 1 doesn't look like pin 1
from the bottom, but you can tell by looking from
the top .

Solder a short wire from pin 9 of CN-Sü4 to
Buffer Input pin lS. Easy enough. Again, make
sure you correctly identify CN-S04, pin 9.

Solder the anodes (unmarked ends) of 8 diodes ,
D 1-D8 , to CN-S02, pins 1-8. Clip the anode lead s
to about 114" before soldering.

Correctly identify CN-S02, pins 1-8. Then solder
the four 47kn resistors, one each to CN-S02, pins
9-12. The free ends of these resistors go to
ground.
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Figure 8-13: PRO-200S16 main PCB - souree of +12V for CE-232
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Solder 5 short wires (2") to CN-502, pins
9- 13. Dress up the 8 diodes and these 5 wires so
they point out from the board and clip the ends so
that all 8 diodes and 5 wires are of equallength.
About li4" of cathode lead on the diodes will be
about right.

Make a diagram of the pinout or coding of these
19 wires so you don't have to remove this board
again, and then reinstall the logic-CPU board
back onto the chassis standoffs and replace the 7
scre ws. Reconnect CN-50 1.

····NQyE:.·.Y9uçan .··.l#sli8lêatlhis . pQ~Dt·and
solderjn a 13-pin .strip pin:-line,s9ê~éfto
t~~. · . ·.13·sc>14erJ?aqs8f~-502s9,m~~J~ç
femaleside ise~po~e4; .. ..

Then prepare a mating 13-pin male strip t.o plug
into that perrnanently-soldered female stnp. The 8
diode s and 4 short wires can then be soldered to
the removable "plug;" a "pro" flouri sh here.

The socket can be superglued to the board, and
hot-glued for strength after checkout.
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Figure 8-14: PRO-2004 detail
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- - --- - - - -

PRO·2004 CONTINUED

Solder Wire H from the CE-232 board to the
exposed end of R-235 on the top-rear of the main
board. See Figure 8-14 for the location of R-235.

It's a good idea to solder or bolt a ground wire
from the metal shells of any DB-9 or DB-26

connectors to the chas sis/frames of the scanner
and any external metal boxes.

Point N on the CE-232 board should also be
connected to the chassi s or frame in which it is
mounted.

Figure 8-15: PRO-2004 key /ocations - note 74HC4050 buffer



Figure 8-16: Connections to logic/Cl'U board
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R-4

CE232 Pin
---0 0-1 1

P 0-2 2
Q 0 -3 3
R 0-4 4
S 0·5 5
T 0·6 6
U 0·7 7
V D-8 8
\V 9
X 10
Y 11
Z 12 ..
N 13

I
I,

Grounds ~

\

\ R-7 R-6
Bottorn view
of 0 13-pin PinLineStrip
super-gl ued to edge
of Logic/CPU Boord
ond conneded os shown to
Pins 1- 13 of bottom of CN-502

Solder the five Output Points (1, J, K, L, and M)
from the Buffer Circuit to the ir corresponding
wires that go to the CE-232 board.

Identify and separate Wires 0 through Z from the
bundle that comes from the CE- 232 board. Refer
to the diagrams and pictorials and solder Wire 0 ta

Bottom of 40S0 Buffer
Boord borely visible

NOTE:
PinLine soekets ot CN-5ü4/5 are not
needed. Route short wires from CNS04
Pins 5,6J & 9 directlv to the inputs of
the Buffer ot Pins 3, 5 , 10 ond 12
respedively ; CN-504 , Pin 9 directly to
Buffer at Pin I S.

All connections to the PRO-2004
are here on the Logic/CPU Board
as shown except Point H

the cathode of D-l (at pin 1 of CN-S02 ).
Complete the conneetion of Wires P-Z to the
seven remaining diodes and pins 9-12 of CN-S02
as shown in the diagrams and picto rials.

This completes the portion of the project that is
specific to the PRO-2004.



This depietion is solely for the PRD-2DD5/6
but the PRD-2D04 resembles it exactJy
excapt for PC # and circuit symbol numbers.

î8 4

Figure 8-17: Keyboard matrix wiring

PRD-2005/6

PC-4
Keyboard PCB

Located beneath the
L ic CPU Board

ROW-l

ROW-2

ROW-3

ROW-4
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..----~=.L.I DJ
r-------;:===~====W [IJ

rn
r---+--+--~----+-+--I[IJ

[ij

~

lZl
L-----1~

l...------ll1J
L--_-j [9
L..-_-1[]

\----1-----1[11
~

COl-l COl-2 COl·3 COl-4

KEYBOARDMATR'X PCB "(ALL)

Figure 8-17, above, shows the stock PRO-200S16
Keyboard Matrix PCB and its associated male
connector, CN-6aI. This information applies to
the PRO-2004 also.

The configuration is not easily understood until
the logie-display board is removed from the front
panel for the work that must be done to it, at
which time everything will become clear.

Figure 8-18 shows how to conneet the 13 wire s
from the CE-232 to CN-SOI.

You can fabricate a connector to mechanically
mate with CN-Sa I by soldering a 13-pin strip of

COl·5 COl-6 COl·7 COl-8

pin-line soekets to the 13 plated-thru (unused)
hole s just behind CN -Sa1.

The males of another 13-pin pin-line strip will
then mate with the exposed females of the
previously soldered pin-line strip .

The diodes and resistors can be soldered to the
removable strip for a convenient quick-disconnect
arrangement, and it keeps the board looking neat.

A bit of the chrome metal shield over that end of
the log ic-d isplay board has to be "nibbled" away
to make more room for the new connector. Watch
any sharp edges, and look out for metal filing s.
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Figure 8·18: CE-232 to e N-SOl wiring details

eN·5ü 1 Note: Dl 08 s: R4·R 7 elirn inote ' noise' and
(Female on Logic/CPU Board) I kev-i nput problerns te tne scanner [ro m

C
C

O
O"L' ·.8

7
1 mrn~0'2 ~ 0·1 Op I' bc th the PC and tne sconner Kevbccrd

L:j . _ which con oe causeJ bv !engthy W ires O ·Z
betwee" til e scan ner ' : keyboa rd connector

CO L·6 Q] 0·3 Q CE.232 I

1

cn d the CE·23 2 . Piec se undersrc nc that
. 0 ·4 llo.J Sil icon D iode s these com po nents sc ive O~: LY pro blerns

Ma tes COL·5 @] ~ 11""' llo.J 0.5 1N414 8 R Board inbo und ro the scanner; NO T ou tbound

with COL·4 rn ~0 - 61ilJ 11""' 1N914 or S in scan ner l from the scanner. Dl -S and R4 .7 are
CN-601 COL.3 ~ ~ ,..-, T or 'I manda ntory . Not shown here .. fhe
obove COL.2 !ZJ ~ 1lo.J 0 -7 U exte rn a l 14HC40 Sü Buffer circuitfor W ires I J, K, L,

..::D-81ilJ 11""' & M , is on optional probiem solver for
COL.7 @] ,..-, V internol installotions and mandantory for

W external installot ions of the CE-23 2
ROW·7 12J ~ R.l LvlI'v"- l.

ROW·2 [g :: R.2~/VV---'-L. [ X Cab le length between CE-23 2 and scanner
ROW3 I!JI Y may still be limited bv problems thot can

• ~ R·3 L ' JV V' ~ L [ result from lengthy Wires IM, which carry

ROW·4 P] ~ R.4 L ,' " /'- 1 I r I Z data outbound [rorn Ihe scann er 10 the Pc.

I _l!] '; 47.K ea I-N ---' These will be different problems and wi ll
\ have different symptoms discussed
'-- Use the J3 empty hol es for cc ooecuc os! elsewher e in this Man ua l.

WHAT IF YOU RUN INTO TROUBLE?

You wori't , if you follow my instructions to the
letter. But, to quote CE-232 Murphy.., "any thing
that goes will probably be inaccessible." Keep
yam dynamite handy.

If you encounter trouble. it wili be due either to a
failed component or to an error on yam part. I'II
help with a bit of guidance, and the first thing you
need is an understanding of how the CE-232
functions. Let ' s walk through the circuit...

1. IC-8 acce pts a range of +8 to + 16V input and
generates a regulated, steady +SV to power thc
CE-232 ,

2. The compu ter sends data or control signals to
the CE-2 32 down Wire "A". The CE-232
sends data back to the compu ter on Wire "B".
W ire "G" is the comrnon or grounc\ betwee n
the two.

IC-l is a dual RS-232 receiver + transmitter
that lets yam PC and the CE-232's
microprocessor. IC-3. "talk" to each other.

3. The CE-232 receives data f rorn the scanne r on
Wires I-M. with Wire N the common or
ground (same as Wire G)

Wires I-M have nothing 10 do with data or
control signals sent to the scanner.

4, The CE-232' s MPU sends data to and/or
control s the scanner via ICA, 5, and 6 and
Wires 0-2 with Wire N as com man or ground,
IC-4, 5, and 6 and Wires 0-2 have nothing to
do with what the scanner sends to the Pc.

5. IC-3, the MPU. processes both data from the
scanner as well as data or control signals to the
scanner.

6, IC-2 wo n't let the MPU operate until DC power
has stabilized aftel' turn-on. The CE-232 will
not operate till pins l and 2 of IC-2 are stable at
+SV. ± 0, 15V,

7. IC-7 is the User Switch Bank and is controlled
by the MPU independently of everything else.

Whether or ne t every thing works, this information
will help you unders tand the unit. If you do have
prob lems, this will help you define thern when
you seek help or tr oubleshoor on yam own.

TROUBLESHOOTING

The CE-232 Interface has different circuits and
signal flow paths. of which one is thc Scanner
Control section and another, Data Acquisition.

Trouble is less likely in the data acquisition side
than in the control side, but it is important that YOLI

understand each physical path to avoid wild goose
chases,
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DATA ACQUISITION SIDE

Data Acquisition is the opposite of the "scanner
control" that electronically presses the scanner' s
keys, from the AutoProgram or Keyboard Control
functions.

Data Acquisition reads and processes the
scanner' s LCD data for replication on your
monitor. It also acquires and processes scanner
data for AutoLogging, LookUp, and Birdie Reject
functions as wel1 as for porti ons of the Script
function.

The Scanner Control section consists of one half
of IC-I, portions of IC-3, and most of IC-4, 5,
and 6. Scanner control begins in the computer
with signals sent to the CE-232 via Wire/Point
"A".

Those signals are coded into MPU format by IC-l
(pin 13) and sent ta the MPU from pin 12. The
MPU (IC-3) processes control signals and
operates IC-4 , 5, and 6 to emulate keypresses on
the scanner' s keyboard via Wires/Points 0
through Z. The CE-232 Scanner Control section is
shown in detail in Figure 8-16.

Data Acquisition begins in the scanner with
sampling of display, clock, and sque1ch activity
data at Points I, J, K, L, and M on the scanner' s
logic/CPU board.

The data are buffered (copied and isolated) and
passed through our protective 74HC4Ü5ü Buffer
and fed directly to the CE-232's MPU at pins 31,
32, 33, 39, and 42.

The MPU continuously processes the scanner data
and transfers it out pin 29 to rC-I, pin 11 where
the data are encoded into computer format and
outputted as RS-232 serial data from pin 14
through Point "B" into the serial cable and on to
your computer' s COM 1 or COM2 ports.

The Data Acquisition section is neither
complicated nor trouble-prone and does not need
furthe r treatment here.

Figure 8-19 depiets the signal paths that were
described above. It is useful to know something
about them in the event your CE-232 ever
develops problems.

Figure 8-19: Scanner Control section

SCANNER CONTROL SIGNAL PATH

DATA ACOUISITION SIGNAL PATH

Swapped Wires I, J, K, L, & M
are comman errors.

~ Wiring errors ore common in
1 this area. Check your workl
1

..........~

31-33,39,42

1

i Data Acquisition problems are usually in
" the seriol cabie, DB-9, or IC-1 soldering.
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INÇA.SE<OFJSERIOUSJDIFFICULTY

Many HB -232 ' s an d CE-232 ' s have gone into
service since Au gu st, 1991 , when the first few
were Beta teste d . A ll bu gs and g litches have since
been wo rked out of the de sign. and the so ftware is
quite robust and not bu ggy.

If your CE-232 faits to perform properly,
you will waste a lot of time with an attitude of " I
checked everything three times. " You simply have
to check everyth ing a fourth time.

Or more - because the problem is in the execution
or in a part failure, but not in the design.

About the only realistic possibility of a problem not
within your responsibility will be a defective part.

187

Th ere are no known instanee s of this having
occurred, but I suppose it could happen .

One fello w to ld us he replaced X- J (8MHz crystal)
with a new on e and it worked. We do n' t know if he
dam aged the ori ginal or if it was defect ive from the
fac tory . T here have been very few ca ses of user
dam aged parts. sa components are not the primary
focu s for problem resolution.

On the other hand, aftel' providing Technical
Suppo rt for nearly three years, I do know
sernething of where problems occur in those rare
case s when it happens.

Let me give you the benefit of that experience.

""'~"A':II~GFORTROUBL.ESHOOTING

Resistance and voltage measurements are of limited value when the problem is a wiring error, but voltage
measurements at the test points are often inforrnative . You should record these measurements for future
reference, whether or not you have a problem at the beginning, and then use that inforrnation if a problem
comes up in the future. Fill out and retain Table 8-3.

Table 8·3: Test results - your record

Altach the BLACK (-) lead ofa voltmeter toanyPCB ground orTP-l. Measure thevoltage ateach ofthetest pointsand record the resultsbelow.

Nominal Your Your Your Your Your
# Location Or Typical Test #1 Test #2 Test #3 Test #4 Test #5

A TP-S + 5.0v ±O.1v i

B TP-4 +12.6v ±3.4v

C TP-3 * 11v
DI B-C 1.6v ±O.3v

E TP-2 +5.0v ±O.1v
" (D -"-100)(1000\F" 16-ma ±3-ma

*Absolute value is not as important as is the difference fro m (E) with 1.6v difference being typical. See (D)

1. Subtract (C) from (8) and record the difference in (0 )

2. Oivide (0) by R-2 (100-0hms); multipiy by 1000 and write the result in (F). This applies Ohm's Law
to caiculate current drawn by the CE-232. If the caiculation is not less than 10-ma, nor more than
20-ma , there will not be a serious problem with the unit. lf greater than 2S-ma , shut off power
lmmediately and troubieshoot the problem. NOTE: R-2 can burn out under current greater than SO-ma.
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Table 8·4: Trouble history - learning from the mistakes of our fellow scannists

The assigned num ber tells you something abo ut history, and therefore the likelihood of a specific area
causing a problem

o= No problem history at all...
I =Rare
2 =Occasional
3 =More frequent

PROBLEMS AT THE PC, OR BETWEEN PC and CE-232:
Defecti ve or incorrectl y co nfigured COl\'11 or COM2 port on the PC

Defective or inco rrect type of serial ca bIe
Reversed wires or errors in wires A, B, and/or G
Incorrect inst all ation of the software
Misunderstanding of how to operate the software

PROBLEMS ON THE CE-232 BOARD:
Wires solde red to the wrong spots on the printed circuit board
Cold or defecti ve sa lder join ts on the printed circuit board
Re versedJswapped parts on the printed circuit board
Solder blobs/short circuits/open circuits on printed circuit board
Defective part on the printed circuit board due to User error
Defective part
Reverse installed IC' s
Reverse installed polarized capacitors or resistor networks (RN 1-4)

PROBLEMS INSIDE THE SCANNER

Keyboard Conne ctor Installation
Reversed polarity diode s, D 1-8
Defective diodes (if from Radio Shack)

R4-7 installation errors
Wiring errors, WireslPoints 0 thru Z

Logic/CPU Board Wiring errors
WireslPoints I thru M

74HC4üSü Buffer errors
DC Power

Wire H error
Wire N Error

Scanner failures associated with CE-232 Installation (errors)
Due to CE -232 (does not impact or alter scanner' s performance)

1 (llJ:..}

I

2
]

I
2
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' ,t" ~ ~j f'f'~"'S} !' ;lq~4§,!·'Tell' ·
:.jiig(jIfi;~~Ïj9i>J;lijG·!·: : :'· · .·····

Startup problems wiII usually be caused by one or
more of the following. Check each carefully.

solder-blobs and bridges between pins and
traces (short-circuits)

cold salder joints (op en/intermittent circuits)

_ reversed wires, wires soldered to wrong spots

erroneous component installation , location

_ incorrect polarity (+ and -) of diodes and
electrolytic capacitors

_ improper pin alignment of the integrated
circuits , IC sockets , and resistor networks.

Double and triple check for correct soldering and
parts location s on both sides of the CE-232 board
BEFORE you install it in the metal box or
scanner. If you just give the board a casual
"eyeball " before installing it, then STOP HERE!
GO BACK. DO IT RIGHT.

You need a strong light and magnifier to properly
check the soldering of the CE-232 board. Solder
joints should be bright, shiny, and smooth in
appearance. It's easy to get solder bridges
between those tightly spaeed IC pins. You must
not take your work for granted, even if you think
you're an expert.

The microprocessor chip socket, if instalIed
wrong, will get the chip in wrong - and it wil/
blow! Check all other IC's for proper installation
on the board, also. It's easy ro get 'ern bass-
ackwards. I know . I'm the guy who has fixed a
boatload of these where the only problem was a
reversed chip.

I.;'KEI.Y.~'8'IIGERRORS, ··.AND
'DiÀ'~NÓSTjês .

The greatest potential for error will be the wiring
of the CE-232 to the scanner. There are at least 19
output wires, and any could be misw ircd to the
wrong spot or crcss-w ired, eit her en the CE-232
board, or at the terminatien points in the scanner.

Ir sorne keyboard functicns work fron: the
computer. hu : nCt orners. vou will eind Cl pair o
reversed ~\' jrcS i;, tne O-Z 'group, probably one n
the 0- ' . l (,'- " ' 1' I '} ·v 'd ene in the \V .. Z sroun ,~ ( n' '-'v~ & .., ::.1·. I.. 1" ~ . ,.•;, . \,. .. .. l ' . __i C ·· .....t· ".'. -j.-' . \.... . '-
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I study of the scanner's Keyboard Matrix Diagram
in Figures 8-/ 7 and 8-18 may disclose which
pair(s) may have been reversed.

For instance, if PRGM, ENTER, and CLEAR
along with MANUAL, PRIORITY, LIMIT, 1, 2,
and 3 don 't work, you'll find wires Rand W to be
reversed.

If all function s "happen," but two or more don't
work according to the specified keypresses, then
you have one or more miswired pairs in the range
of 0-V or W-Z, but not bath as would be the case
if some functions worked and others didn 't, For
example, if pressing PRGM, ENTER, or CLEAR
results in functions LlO RVW, RESET, or
MONITOR, it's obvious that wires Rand Vare
reversed.

If there is na computer keyboard control of the
scanner but the Monitor gives a faithful
reproduetion of what 's going on in the scanner,
then an error or defective solder joint could exist
in the vicinity of IC-6.

AIso, be sure the INPUTS to the CE-232 are
properly connected between the DB-9 connector
and the CE-232 board. This includes the jumper
between pins I, 4, 6, and 8 on the DB-9 which do
NOT go to the CE-232 board.

Pins 7 and 9 of the DB-9 have na conneetion at
all. Pin 3 goes to Point A, pin 2 goes to Point B,
and pin 5 goes to any ground Point G or N on the
CE-232.

Other variables include the quality and type of
your serial cable anel/or your COM port. The serial
cable must be the "straight-thru" variety, not a
null-modem cable. If your cable is a null-modem
type, you can invert it back to the straight-thru
type with a "null modem adapter," commonly
available at all computer outlets and Radio Shack.

A null-rnodem adapter on a null-rnodem cable
tums it back into a "straight-thru" cabie. If all else
fails and you're just not sure of what kind of serial
cable you have, try a null-modem adapter, just for
the heIl of it.

Now let's look at yam COM port , which could be
faulty. Cheaper serial VO cards and old computers
are sornetimes only marginally capable of the
9600-bps serlal data speed that 's required by the
CE-232 to keep pace with the scanner.

The bottorn line is that your serial pon. serial
cable, and seriat input (DB-9: wiring tn the CE
::i 2 must be proper . j would expect CUM port
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problerns to he more corn mon with some of the el
cheapo wolder PC/cn lllpa tibles.

Finally, be SUlt tha : YOU li ,\,, (' sclec tcd the co rrect
COM po!1 tor the CE-2 J2 - dont nustake COM2
to r (~~ C) I\'1 1 . etc . and forc e: ("()\'f 3 and (~O!\,-j 4

A few hackers sent us the chips frorn their CE-232
Kits to test when nothing cise at their end sce rn ed
TO POI nt to a soluuon. In mosr cases, the ch ip
pro ved oka y. Tw o users out of hundr ed s man age,.;
to za p the ir \1P U chips i IC?, \. Static d ischarge.
mostiy likelv

\\.. .", \i..-; -' · ·

i . i.., : "

.".<

E\:p/1 /l you have nc tro ub le 0.1 thc ster
( "s....-h ich is the cas e JÓ" the majo rtn:., .) ,.
shouldmake the measurements 'A} j ·~; ;·"" '{. ~ .·· · .-:" :"

{ 'J estab lish a bas« line {:.') '~' .6.e :-t ;~

;:ouble.~·hüv! ~~n& . should it D!7
Rememb er, C" Ui co eve rytmn r
thls book there 's doz en or !IVO mo.
coming (JO}}'!! thc pike. So keef ) noies. r Oi:

t!1ay J1e....·er need them But if vou don I t keep
notes, it 's certain tlia t !;;Jurphy wil! step in.

,<. ~) n; ·_ t g ~ .. .. ~...,:": ; ' -;'. ' _~.. ! ~~ ~ - : ' ;"l " '~

and <cel: ,", \\-:~ : ~ ::- V~-'L . .:\~ ; l ~ \ U ;,<

SPEC1FIC TESTS - RECORD THE
RESULTS

CRY51"AL SPEEDUPS?

Several users had problerns tha: trustrared me until
I learned thei r scanners had been acceicrared with
a new crvstal rcfcrcncc. SÇ1 fT \ · . thc C"E. ·'~~ '~; doe. .
l IG; won,
!~,) r -add ·· j -d i \ ·: d t' .
spee dups .

you reecros. ;10 0 w nen in vol :ng
Support" (if n :~~e de,d ' ) ,

J. D oes the sc a nn er rec ei ve sign als
no rm ally ?

Ireverything \'v'orks JUs: fine excent that tJH:'
scanner d \);.:~ nOLreeerve dny sign.ns. i nçf::
a probiem ~ n W ire- i . J\ K. L-> or I\-1. or in I h ~:l

c ircuits ;'j ~ erher end oit ncse i ive wires .

l:ç" d ;-=-~ h \: c ~..ed ç ·'-· ·~~ r \t h i n ~~ j (' :' .:". ~:·l "" ; ;:' L r"I :':> I--" i : } :~ l : ~ \ '

he :< ên ~ :-nc !t i> (: 1~. - 2 3 : hO~ t ! ';..~ . \\' ~) \\ \\ ' ; ' : : t ~ :i

rrus, vc : ;\ >c ;ü \ ';..: toe ;~vl I):... ( !'CH; l

Ie ·; ' t h ,~ ["('C:::1\" :.' : <;a:c,. jf ;: '"",Y K:' , \ l PC
cculd hè blown . tf thc scan ner sril: docsn~t n..-ccive
\vi ~ h :he ~\1 i) t~.· pu U cd ~ thc i': the. rroh ! e, i ~1 ;.s
eisc\ ·.:here ;.lnd thc lvl F)l.· ~ s iiLei)" okay,

2. Tes t tll e [hi er Sw itc hes

If receptio n a: the scanner is drastically affecte.!
Y·:.Ju find rHJ error, i n \\l i re,\ L J. I'\.. . I'_. CH" ;:\~

. ~ r .n the rcspccti vc ci rcu it- ai c i tner e J:CL trien YOt~

.~ ~ :: n suspect J biown \': r)t_~ chip. J.l . Ó: : . whicn \\" ~~ ' 1 j

b(' ha pp\ io res: fc· ~ vo i..

Check by oper<tting ( "'rRL,+F l ~ C
r

r Rl..+f :" :2 .
CT RL.+F?: . <md CTRL+F4 . Observe the

:--, "~ '. ~:', ,"'
"- '- , ; ...... ,...--

. ....~ , . ' . ~ t

\\ ' ~t , rrying te
: \ \ an g C,)r:1i)UI:?r'.

-_ ~ !__: : ,~'\ t h c ; h ;:,tn i !':"- r .) n~ ~)U I. <: r <

.-\:1

\~ ,~ ol.l b ! ecl. up I! t;·:s.<: P..CI'! ;;11r { ~) ( t \\ : :J dc i ·c c: ~ \ ;:..'" ~ o î ( ic !"

an(i. iJ general stra i ;~, } 1 u~ n 1 t L. i n :z~; i,) l1

thc bc ard resuited in perfee: operauo n. Yel l he
.\'\ 1; -; [' e Uf )o n ,~ ; i.i rh i.( ; "..\II S ho!,"": rhut i f; ,) ï C ~ '! '( ' .re ti ;;

c }-rn.rs t'i r ha l ] ~\·o /d{' r)!) in !., ' (jiJ flIe l-i(h.'!'
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OUTPUT STATUS window in the upper-left of
the computer's display to see that the zeroes
change to 1's and back to 0' s as the switches are
operated. This test affirms the ability of the CE
232 and its MPU to respond to PC keyboard
commands in general. It does not test the statu s of
IC-7 itself, nor the status of your interconnecting
wiring other than Wires A, B, and G

3. Test IC-7 and the User Switches

Conneet the leads of an ohmmeter to Wires AA.
High (almost infinite) resistance should be noted if
User Switch #1 is OFF. Pres s Ctrl--Fl once, at
which time the resistance should go low, down to
35-80 ohms or so. Press Ctrl--El again, and the
resistance should go back high. This test can be
repeated for Wires BB, CC, and DD (Ctrl+F2-F4)
to test the integrity of IC-7. Thi s test proves up the
status of IC-7 and the ability of the CE-232 and its
MP U to respond to PC keyboard com mands in
general.

User Switch errors are Iimited to Wires A, B, G,
AA thru DD , ancl/or IC-7 , only. Proper operation
of the User Switches conclusiveiy proves two
way communications between the computer and
the CE-232. If other aspects of the CE- 232 do not
work, thi s is strongly suggestive of errors in your
work .

NOTli: This test can be used to check the status
of IC-4. 5, and 6, by plugging these chips into the
socket for IC-7 and repeating the above tests .

4. Test the Data A cquis itio n side

Observ e the display of the scanner 's LCD
functions on the Monitor. If the display on the
Monitor is a faithful reproduetion of the scanner' s
LCD, then Wi res I, J, K, L, and Mare prov ed
good and the data acqui sition mode is proved
good.

You can go on to test the Autol.o gger. LookUp,
and Birdiekeieet functions if you like, but these
tests are not necessary at this time.

Erratic or improper display in the Monitor is
suggestive of errors associated with Wires I, J, K,
L, ancl/or M, ancl/or the 74HC40S0 buffer.

5. Test the CE-232 Scanner Control
Circuit

Operate all the 29 normal scanner key functions
from the keyboard of vour Pc. For instanee .
press MANt;AL : SCÁN : MANU AL. Doe s the
scan ner go into Ma nua l mode, followed by Scan,
and then Manual again?
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Test all 29 scanner key functions in this manner.
Make a table of those that work and those that do
not. I like this sequence of keypresses: <Mc-anual
: 1234: <Me-anual (Erro r) : <Backspace (Clear) :
<M>anual : 5678 : <Me-anual (Error) <Backspace
(Clear) : <Me-anual : 9000 : <Mc-anual (Er ror)
<Backspace (Clear) : <S>can followed by all
other functions.

Problems with operation of the scanner from the
computer keyboard when everything else is okay
suggests fault s or errors associated with Wires or
Poin ts O-Z, diodes D I-D8 , resistors R4-R7 ,
ancl/or IC-4 , 5, and 6. 'lau may as wel! verify
proper voltage of +5V on pins 14 of each of IC-4,
5, 6, and 7, and IC-I , pin 16. An incorrect
volt age at any of these suppiy pins may suggest a
defective solder joint or PCB trace problem.

Since IC-4, 5, 6, and 7 are the same kind of chip,
vou can use the above test for IC-7 and the User
Switches to check IC-4, 5, and 6 by swapping
them around with IC-7, and repeating the AA-DD
resi stance checks.

6. Sof tware installation and operation
problems

This is a different animal altogether. The best
checks and tests are to simply follow the
directions for instal!ation and operation of the CE
232 program and reinstall or continue working
with it any number of times until you get it right.

We have observed that some Users are unfamiliar
with the MS-DOS operating systern, especially
with hard and flopp y disks and directory and
subdirectory concepts.

Unfortunately , my job is not to teach you how to
use your computer and I can 't go ta lengths over
this kind of problem. Learning how to operate
your computer and how to work under MS-DOS
is your job and that ' s where it wil! stay. This is
not to say that I won ' t help , because I wijl, but at
my convenience and time. You can bet that I don 't
have the time to teach computing by mail.

But if you can work a BBS and send e-mail, then
you know your way around the computer weil
enough to get help.

IIeS'STANCEiANDCONTINIJITY.
CHECKS;.::·:, ' · CC •••• ht:. e

There isn't much else that can be dynamically
tested. If all else fails at this point, the next logical
step is to perform relevant point-ta-point
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continuity checks with an ohmmeter. This methad
can be used to detect faulty salder joints and
wire/trace paths, if close visual inspeetion doesn't
arouse your suspreions.

Here's an example: Note in Figure 8-3 that there
is a direct conneetion between and among IC-4, 5,
and 6, pins 1, 3, 8, and 10. If you were to put one
lead of a VOM on pin 1 of IC-4, on top at the
chip, you should measure virtua11y zero resistance
to: IC-4, pins 3, 8, and 10

IC 5, pins 1,3,8, and la
IC-6, pins 1, 3, 8, and la.

If a measurement of more than 1Q is detected,
that's a sign of trouble somewhere. You can
perform a lot of continuity tests using Figure 8-3
as a "roadmap." Just make sure all power to the
CE-232 is off before doing resistance/continuity
measurements.

TEST EQUIPMENT TIP

Here's a little tip for your VüM: use the kind of
test leads that have alligator clips or "mini hook
clips" on the business end . Get a large sewing
needle, about 2-3" long, and wrap the eyelet end
with tape to build up an insulated handle. Two
pieces (with a gap for the alligator clip) of thin
heat shrink tubing is even better, and let it extend
to within a millimeter or sa of the tip.

The idea is to make a very slender and very sharp
test probe for the RED (+) lead of the meter. Grip
the alligator or hook clip to the body of the needie
when making a measurement. Benefits are hard to
describe, but they' 11 be clear after you use "fat"
test probes that come with most meters nowadays .

The sharp sewing needie allows entry into
cramped areas to "dig" into solder spots and traces
for quick tests. The thin insulated probe ensures
that your test is "isolated," and touches exactly the
right spot and nothing else.

Also, it's sharp and doesn't slide off the test
points as easily as standard (blunt) test probes.
Keep several of these "needle probes" handy.

RUAfINATIONS

/C-3 cannot he tested and you really should not
attempt to make any measurements at its pins. If
all else Iails and you think IC-3 has gone south. I
can test it for you a nomina! shipping and
handling charge.
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Consider this a contingency to lean upon if you
draw a blank on other options available to you .
Statistically, one out of 500 Users may blow the
MPU chip. CarefuJ handling wi11 reduce the risk.

IJdiodes D1-8 are connected backwards, the unit
wi11 have no keyboard control of the scanner, but
na harm wi11 be done; just reverse them. If the
electrolytic capacitors are installed backwards,
chances are that they wil! be damaged. Radio
Shack carries them.

Unless you physically damage one, it is most
unlikely that the monolithic capacitors wil! ever
fail. R-2 is subject to failure by overheating if the
CE-232 circuit ever draws toa much current. In
this context, R-2 serves as a protective fuse for
IC-8 and the CE-232 in general, not to mention an
easy way to calculate current drain.

R-2 will probably bum up (and turn black) with a
current above about SOmA. If R-2 ever burns up,
something else will have caused it. Like R-2, R- J

is unlikelv to ever fail unless there's another
problem somewhere else.

2 3 etc.

Resistor networks, RN-1, 2, 3, and 4, will never
fail unless you do something that destroys them.

Aresistor network is internally like the drawing
above. The resistor networks can be tested with an
ohmmeter by measuring the resistance between
pin 1 and each of the remaining pins in the
network. See the diagram here for how they're
laid out.

Replacements can be done with conventional
resistors installed into the holes for pins 2, 3,4,
etc., and the upper leads all soldered together and
routed back to the hole for pin 1, as shown above.

IDIOSYNCRASIES

My 2006 won 't Autol'rogram...

A few PRO-2006's have surfaced in which
everything except the AutoProgram tunetion
works perfectly. Slower settings of the time
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constant won't stop thc "error" message s in the
scanner's display.

RELAX: There is an irnrnediate and easy fix for
this problern: use the 2OO45V 13.PER file in the
Basic Setup for the CE-2 32 Program . Just go
back and redo your configurati ons. selecting the
PRO-2oo4/5 setting instead of that for the PRO
2006.

This problern is rare and we've not seen it on the
bench, but some PRO-2006's are afflicted with
this odd ity.

We suspect this phenomenon are caused by
intemal variances of devices within the scanner.
which are not considered by the Program's
2006V 13.PER file. So use the one for the PRO
2004/5 and you'lI be all set with no handic ap or
limitations.

In fact, scanners with this odd problem will
AutoProgram somewhat faster under the
2004/5V13.PER file than "normal" PRO-2006's
with the standard setup. So except for the
momentary adrenaline it' s really an advantage.

What ij it won 't stop?

We 've see n this problem in a few PRO -2004's,
but it could appear in any, so I developed a sure
fire fix .

The problem sho ws up In CE-232s that work
perfectly in all respect s, but the sca nner wo n':
STOP even on stre ng sig nals when in the SCAN
or SEARCH modes. Yet. if you MA NUAL-step
to a known signal, recepti on is just fine.

The cause of this probl em is an oddity associated
with the cable or wiring between the CE- 232 and
the scanner.

The culprit will be found to bc in the area of Wires
J, J, K, L, and/or M. and can sometimes be
alleviared by shortening or terouting the wires
betw een the scanner and the CE- 232. But in a few
cases, nothing longer than 1 fo or works.

We'd let it go at that , except that some people
really need a longer cahle than that.

For them , I designed a simple add-on circuit to
nermit any reasonable length and method of
routing of the interconneet cabIe. to at least 6 feet
or more.
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So take your choice: shorten the cable until it
work s, or add a 74HC4050 buffer circuit for
Wires I, J. K. L. and M as discussed earl ier in
this chapter. Install that buffer, anyway, if you
know whar' s goo d for you and your scanner.

TECHNICAL SUPPORT

Its cos tly when hobbyists do their own work and
then need Tech Support . To control that expense ,
there are restr ictions that I must impose, and they
are not flexible.

The most important is: absolutely 110 voice tech
support whatsoever. The preferred method is to
log on to my BBS (619) 578-9247 afte r 5:30pm
and before I :30pm, Pacific Tim e, where you will
be guided to the forum for the CE-232.

Thi s forum has a nice backlo g of tech support
messages and support files, and is electronicall y
networked to other BBS's around the world.

IF you have rcad the backlog and did not find the
information you need , ask for help!

The bottorn line is that I provide accurate and to
the-point support for the CE- 232, but to get it you
must help me do it cost-e ffective ly. If you do.
you ' re assured of my assistance if you need it.

Now , please scan through Chapter 1 again.

SPECIAI.'ZED HEI.P RESOURCES:
BBSs

Regarding the HB-2 32, you can also reach me
(and others who know a lot about the design and
its ope ration) via the HB-232 message base on
any of the followin g BBS ' s.

Incidentally, most of these BBS' s have some
dedication to radio, so you may find them
interesting for other reasons than just CE-232
Tech Support.

For instanee. all carry my generic radio
engineering and hackin g conference calleà
RADIO-TEK.

That' s where you can find answers to general
techn ical questions about my books and the.ir
contents, and Jively discussions of other things,
toa .
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Table 8·5: BBS support for the CE·232

Telephone ST City SySop BBS Name

*619-578-9247 CA San Diego Bill Cheek Hertzian Intercept

206-750-9703 WA Vancouver Leroy Pluard Powers Of Two

315-425-5580 NY Syracuse Jim Bernier SBE Syracuse

319-556-4536 IA Dubuque Pat Powers Tri-State Data Exchg

319-583-6462 IA Dubuque Mike Donovan Spec-Com

504-886-2157 LA Sun Nolan Lee WSTPC

513-297 -0250 OH Dayton Dan Hughes Intercept Technology

619-278-7361 CA San Diego Brenda Donovan PRI Wildcat. BBS

619-669-0385 CA Indian Springs Joe Nicholson The General Alarm

810-478-4284 MI Farmington HiIls Pat Richard Enterprize

816-627-6366 MO KirksviIle Forrest Joyner NEMO Wildcat. BBS

908-245-6614 NJ Roselle Marv Shelton The Micro Room

909-984-9580 CA Ontario Larry Files Teleterm Amiga West

914-342-4585 NY Waw ayanda Steve Fleckenstein Red Onion Express

916-577-4438 CA Lake Tahoe Frank Gaude HighSierra Online

297-8-56851 Aruba Matividiri Gerardo Oduber Hack on The Beach

* Hours of operation: 5:30pm-l:30pm, Pacific Time, weekdays, 24-hrs/weekendslhoUdays

OPERATING THE CE-232 INTERFACE

If you choose to write your own softw are then
you ' Il have to write operaring instructions that
CO!71pJy with that software. If you use a third-party
con trol program or the progra m rhat I supp ly. tbe
operaring instrucrions \\/ 111 be or, disk for YOtL

Thereforc , nor m uch space is req u .red herc tor
instructions on operaring the systern, but 1 \,,!in tell

Autol-rogrammer is e ne the ;-'; u lt ~

the CE-231 because it takes the drudgcry anc
errors out of ya m channcl programming.

B a~ i C3. 11 \' . vou push a button. and the computer
finds the fi1e and leads ir through (he CE-232 .nto
the scanne r' s mernorv.

The AutoProgrammer file is a plain ASCII ,
cornrna-delimited, text file with the extension of
.APF.

Mv home is near Mirarnar Naval Air Station, here
in 'San Diego. T hat ' s the (fa rmer) home of Top
OU !! training. Everv yeur Vi'C have a truly major
military air ~ho\": ~ '·~-\'!;i :"'h invariably features rr.anv
. . - ' ~. , ; -.Jn.- . , ,, ' > .h ibns
nl ~ton l..~ airl}...d liè ~. ..L :ü t .>.. I L-H .' .

package, les ..,,·..P .••·. " . ' • •

team . nol to j ,J \,.~,H i on . ~', f un Iistening to rhern
" S the\' rchearse and oerferm \ \ :I : f1 the Cli- ') ~ ']U. \.1 .J i. ~ .....U j ·~')" • i-'" '-.-'1 .\ • • ' 'o/ ~ . .. .. ."... --- - _ . ' -

its more fun,

He re is a portion of ODe of rny ot .APF fi les for
the B lut: Angel s ai r team. The fi le is ca lled
BLUEANGLAPF
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Table 8-6: BLUEA NGL. APF
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,1 61,12 1. 9 0 0 ,

, 1 62 , 1 2 3 . 4 0 0 ,

,16 4 , 1 42 . 0 00,

,168, 1 43.000 ,

, D" Bl ue Ange l s - Ground Support

, D, , Bl ue Ange l s - Common Ai r s h ow

,D , , Bl u e Ange ls - Mai n tenan c e Al f a

, D, ,Bl u e Ange l s - Mai ntenanc e Brav o

,169 ,2 41 . 4 0 0,am ,D, , Bl u e Ang e ls - Air t o Ai r Channel

,160,25 0 .8 0 0 , am,D, ,Blue Angels - Air to Air Channel

, 17 1 , 2 5 1 . 600 , a m, D, ,B l u e Angels - Dernonstra c ion

, 172,263 .3 5 0, a rn ,D , , Bl u e Angels - Flight Line conunon

, 1 74, 2 7 5 .3 5 0, a rn r D, , Bl u e Ange ls - Conun 1 Lead and Fo rm at i o n

, 1 7 5 , 3 0 2 . 1 0 0 , a rn , D, , Bl u e An gel s - Conun 2 Tal k b ack

,17 6 , 30 2. 1 50, a rn ,D " Bl u e Ange l s - Conun 3 Sol os

, 1 77 , 3 07 . 7 0 0, arn,D , , Bl ue Angel s - Conun 2 Fo r ma ti on talkback

,1 79,3 60 . 400 , arn ,D, , Blue Angel s - Conun So l os

(Yes, I know there are many more Blue Angel jrequencies. This is a "portion. ")

The AutoProgram fun ction allows the user to
program the scanner's ch ann els from a plain text
file that's been organized and structured to a
spec ific format.

When selected , a Dialog Box pops IIp to allow
se lection of the file . Choose the desired file by
highlighting it and press En ter. If you change your
mind and do n't want to le ad a file j ust press ESC.
Addi tio nal data may be requested depending upo n
the option selec ted.

NOr E.- The file must be a text file with data in the
format shown be low . The AutoProg ram mcr
requires the de limi ters (co mmas) to be present.
The field sizes shown are maximum valnes.

Table 8-7: A PF and LOG file structure

The Aut oLogger generates text files in exactly the
same form at as required by the AutoProgrammer,
sa the description will app ly to both :

The first field is blank (not important here ).

The next sets channel 160 to be programmed with
250 .800MHz, AM mode, Delay set, na Loc kO ut.
and a brief des cr iption of the assignmem .

The Auto Programmer ignore s the descri ption.
Easy as 1-2-3 when you examine it.

Table 8-7 shows the exact structure of an APF and
LOG file , and descriptions of each element follow
that.

1 2 3 ot 5 6 7 8 9 10 11 12
Filter Chan Freq Mode D L Ops Step Date Time Duration Anything

aaaaaaaaaaaa,BBB,cCCC .CCCC,DDD ,E,F,GGG,HHHH,IIIIII,JJJJJJ,KKKKKK,xxxxxxxxxxxxxxxx

a

I
B

I
C

I
D

I ~I~
G I H

I
I

I
J

I
K

I
your dat a

12 3 9 3 3 4 6 6 6 255 c h a r s/ l i ne
I

<----- - These fields, if sent to the ------- >
Commas distinguish one <------ CE-232, a re ignored by t he ------- >

f i el d t rom the next <------ AutoProgranuner ------- >
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Now, here 's what that all means...

A - Reserved field consi sting of one character that
is always logged blank by the Aut ol.ogge r, used
by the AutoProgramming function only and can
be up to 12 characters.

B- Up to three characters (0-400) represems the
ehannel # or search bank #,

C - This field is the frequeney and consists of
nine characters (including the decimal point),

eg: 1234.6755 (MHz)

D - Receive Mode (WFM, NFM, AM ) 
three characters

E - Delay - (blank = delay off , "0 " = delay
on) - one characte r

F - Loek-out - (blank = lockout off . "L " =
lockout on) - one character

The AutoProgrammer ignores everything after the
6th comma or Field "F".
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The following fields are not used by the
AutoProgrammer. but are generated by the
Autologger.

G - Op Mode - Scanner Operating Mode: three
or four characters as shown below:

SrUp - Search up

SrDn - Search down

Prgm - Program

Man -ManuaJ

Scan - Scan

H - Step Size - one to four character s,
including decim al: 12.5. 5. 50 or 30 (kHz )

I - Date - six characters: YYMMDD

J - Start Time of signaI _. six characters - 24
hour format: HHMMSS

K - Duration Time of signal - six characters 
24 hour format: HHMMSS

Table 8-8: Typical Auto I.ogger output

Filter Chan Freguency Mode I!.lY LIO OplVlde Step Date Time Duration
2 83, 45 0 . 2 875,nfm, , Sc a n, ,95 03 03,16453 8, 0 000 07,
3 2 0, 17 3 . 37 5 0 , n f m, ,Scan , ,9 50303,1 6454 9 ,0 00 00 6 ,
31 0 , 857 .675 0, n fm , , Scan , , 95 03 03, 1 64 60 5 , 0 00014 ,
306, 45 5. 7 1 2 5, n f rn , , Scan, , 95030 3 , 1 64 62 6 . 0 0001 0
3 10 , 85 7 . 67 5 0,p.frr~ J

3 07, 45 S .S 0 00 ,nfrn,
3 2 0. l7 .~ . 37 5 0i :-i f~. .

, Sc a n,
, Sca E ,
, Sc a n,

I Scn,. r~.

, 95 03 03 , 1 64 64 1 , 0 000 09 ,
, 9 ~ 0 3 C 3 ,1 6 465 f ! 0 0 0 044 ,

, 95 03 03 . 1 647 5 0 , 0 00C05 ,

,95C3 C3,: 648 2 2 , J J0 0 02 :

:\; ;! -rt~ ~~ \ lil i .n ~a ir: : ·q ~~r fr ~·q t.: t · nt·:. rf.- t..': _~ ~ ·rl :;; in u database munagcr prograu: .. i\l ust dat abase
pr f) i::r ~, -~ f1 ~ ; ·· C ~) {~ ; ~ ü i> -: ! ' ~ ." n ~d t'xpo ri ~.: ~ .\iTun ~~ ..dynn d ~.:~ d ~'). S C ! i te}.. t !1 ! , ~· .~, in tilt furrn ats above.
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MORE DOCUMENTATION-FREE!

Gosh, there are a hundred other things I could teil
you about that are in the documentation. The CE
232 documentation package is available for free
download from my BBS .

The downloadable doe file is CE232M AN.ZIP.
For now, go back and review the features and
function s of the CE-232 as described in the
beginning of this section.

Detailed operating instructions are available on the
disk that I provide, and in the downloadable CE
232 file, and in the hard copy Manual.

WffP i.EJ.SE$UPPORTSTHE CE·232
IN.TERFACE1

PerCon Corporation supplies frequency data on
CD-ROM and floppy disks straight from the
FCC's records . Yeah, so do others (they say), but
PerCon is unique. For one , their prices are low,
and they are the prime contractor to the FCC to
produce CD's, so you dori't get any more direct
than that.

But the slickest thing of all is that most PerCon
CD databases come with a function that produces
CE-232 Autoprogrammer (* .APF) files, all ready
to feed into your scanner, hands off.

Thar' s right! You need only query the master
database for records of interest, and when the
query is complete you press a button to have the
records compiled into CE-232 Autoprogrammer
format. Not only that, but these *.APF files are
keyed to serve as the CE-232 's LookUp files as
weIl.

What a package!

PerCon offers a variety of products, one or more
of which are probably tailored to meet your needs
and the needs of your CE-232 Interface , including
a full line of FCC frequenc y databases, ham and
repeater , and FAA Frequency/Aireraft/Pilot and
Airport Databases. Write or call:

PerCon Corporation
4906 Maple Springs/Ellery Rd
Bemus Point, NY 14712
Voice (716) 386-6015, fax 386-6013

Intercept Technolog y makes the mother of all
enhancements for the CE-232, a solid-state Voice
Activared Digital Electronic Rec order, called
VADER. Imagine, if you will. a tape recorder
with no moving parts that record s signals from
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your scanner as controlled by the intelligent
CE-232 Interface.

VADER works independentl y from the CE-232
otherwi se, but records a special log file just like
the AutoLogger does, and synchronizes all
recorded sound to this log file. VADER is better
called an intercept analyzer.

When your recordin g session is finished , you can
play back the material as you would with a normal
tape recorder, but there is much more.

For instanee. you can selectively play back by
channel or frequency, skipping everything else.
After an all-night recording session, you can
actually follow the events and conversations in
sequentialorder. You can play back hand-selected
intercepts or automatically by channel, frequency,
groupings of identical frequencies, time of day,
and duration.

VADER offers sound processing and convenient
controls for instant lookup and playback,
including repeats and partial repeats. There 's a lot
more, so you 've got to get the data sheet and
brochure for yourself.

VADER is basically "plug and play" and quite
easy to install and set up. VADER is an AT-size
plug-in board that works in most ATlcompatible
computers, 286 and up. Mine has worked weIl in
a 386SX/16, 486DX/50, and in my Pentium.
VADER 's secret is the 16 MB of low-cost on
board audio RAM that stores up to an hour's
worth of continuous audio.

This normally means several hours to several days
of recording time, depending on the density of
activity and the number of channe ls or bandwidth
that you SCA,~ or SEARCH with VADER.

The audio stored in VADER' s memory can be
transferred to your hard disk at any time, and can
even be converted to *.WAV files for playback
and processing through other multimedia
accessories . Perhap s for sound enhancement?

VADER will run from MS-DOS TM , Windows">',
or Windows 95™ and offers tremendous power to
your monitoring capabilities. For more
information , write to

Intercept Technoiogy
74 Western Ave .
Enon, OH 45323

or log on to their BBS at (5 J3) 297-0250. Detailed
information is available in their BBS Conference
Area #2 anà you can download a demo VADER
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THIRD..PARTYiPC< SOFTWARE

There are third party control IBM!PC programs
for the CE-232, but either I have not been
authorized to release their particulars, or their
programs are still in the beta testing phases.

The control program that I provide for the CE-232
is very powerful and fully functional, but these
other guys have worked to make theirs even
better. You can log onto my BBS for the latest.

IF<YOU DON'TWANT TO
ROLL YOUR OWN .
THIS SECTION WAS INTENDED AS A
SERVICE. NOT AN ADVERTISEMENT, BUT
YOU ARE AUTHORIZED TO BECOME
INDIGNANT IF YOU MUST.

The CE-232 is available as a Kit of Parts,
Program Disk, and detailed Instruction Manual for
the PRO-2oo4/5/6. Selected other scanners are
also supported at extra cos t.

The Basic Kit includes a printed circuit board.
microprocessor with secket . 9 IC's, 4 resistor
networks, 1 crvstal, 7 resistors. 8 diodes. 15
capacitors. and a partridge in a pear tree.

The kit is functionally complete. Whether you use
it or gather the parts yourself, the disciplines are
the same. Assembly and installation require basic
soldering skills, patience, and the ability to read
and follow directions.

Installation, whether in a project box or inside the
scanner, is a mechanical task. The CE-232 has
been beta-, gamma-, and market-tested by
hundreds of hobbyists, from entry level to expert.

Construction and installation typically requires
6-12 hours. For a hobbyist, the best results are
obtained if the work is broken into segments of
2-3 hours each.

Therefore. I do not provide cornmon components
on a piecerneal basis. Table 8-9 is ti lIst of what I
C!U1 suppl y, problerns.

But you still want to roll your own CE-232
Interface, then you can get the most critical ones
from me, independent from the kit offered above.
There are only two parts that have been an
occasional problem: IC-2 and IC-3.

IC-2 is called an "Undervoltage Sensing Circuit,"
the purpose of which is to prevent the MPU (IC
3) from operating when the supply voltage is too
low. This is a critical part and cannot be
substituted or eliminated.

Part numbers known to be viable are the Motorola
MC34ü64 and the Texas Instruments TL7757C. I
don't know of others. The MPU is a Motorola
68HCIIFIFN and there are no substitutes. A
good independent souree of either IC-2 or IC-3 is
Future-Active Electronics, (800) 757 -9438.

If they are out of stock, and you cari't find an
altemative retailer, write, or call mv BBS for a
price. DigiKey Corporation is areliabie supplier
of all the rest of the parts required for the CE-232.

For that matter, you can get most of the resistors,
capacitors, and connectors from Radio Shack.
You can even special order most of the chips and
the crystal from Radio Shack.

If you prefer, I can usual!y provide ene-stop
shopping for almost anyth ing you'Il need , but
please understand that I am not aparts-house and
cannot price-compete with the big guys, Please
dont expect me to sell a chip for the sarne price as

,'r",",-'·"·'" that Is a a month.
w ir ing. lugs,

solder. project

file from File Area #1. Intercept Technology is a
high tech company with a sideline in hobby radio.

They cannot deal with casual hobby inquiries by
voice phone, but once you're a cu stomer, they'll
do everything but fly out to your location to make
sure you get up and running. Good guys there!

If you use a Macintosh computer and are
interested in the CE-232 Interface, there may be
hope. While I don't know a Mac computer from a
Mack truck, at least two Mac developers have
produced software for the CE-232 and the Mac
computer.

If you want more information, send me a
business-sized SASE with the incoming envelope
clearly marked, "CE-232/Mac Info" and I will be
happy to put you in touch with Mac people.

You can also send me e-mail or log onto my BBS
for the information.

NOT suppl ied are:
cable. COIrl1r10n 1(~ soc
connector" nin -l ine ,>oe
box. and "H_~'''''''n!
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Item

CE-23 2K 1

C E- 232K2

Pr ogr am I

Program2

PCB

IC- 3

XU-3

IC- }

IC-2

rC-4 ,5 ,6.7

IC-S

IC- 9

RN-I -4

X - I

RI -7

Cl-I S

DI-8

CE-DOC

X U-l,4-7

J-I

J-2

W- I

W-2

Mise

Description

CE-23 2 Kit of Es se nt ia l Parts. Program Di sk. detail ed Manual

CE-23 2 Assembled/Tested Board . Pro gram Di sk , detailed Manua l

Current CE-232 program, and supporting file s/do es : 3.5" di sk

Currcnt CE-232 prog ram, and suppo rting file s/does : 5.25 " di sk

Eteh edlPrinted Circuit Board , read y to assem bie

MC68HClI FlFN Microprocessor Unit

PLCC 6S-pin Leadless Chip Carrier (LCC) Socket for IC -3

MAX232CPE or AD-232 RS-232 Recei ver/Transmitter (VO )

TL7757C or MC34ü64P-5 Undervolt age Sensing IC

74 HC4ü66 Quad Bilateral Switch, 4 eaeh

78Lü5 Voltag e Regul ator, +5V @ IOOmA, TO-92

74HC4ü5ü Hex Non -in verting Buffer

Resistor Netw orks, 4 each

Microprocessor C rysta l. qu artz, HC- 18, 8M Hz

Resisto rs, all required, 7 each

Capacitor s, a ll required, 15 each

Silicon switching di odes, S each

The complete Assernbly, Installation, and Operation Manual for the CE-23 2

IC Sock et Kit. I each , 16 pin DIP, and 4 each, 14 pin DIP, m ach ine pin

DB-9 jack. male

DB-25 j ack , fema ie

Serial cabIe. 9-co nd, straight-thru , w/fern ale DB-9 and your ch oice of other end.

Parallel cabIe , 25-cond, shielded, (0 8 -25 male)-to-(dB-25 male )

Pin-line soekets. str ip of 16 (4- S strips required)

Contact me by BBS, FAX, e-mail, or U.S. Mail for a curreot price list. You cao also call my
business office for matters of this nature, with the understanding that I 'm not avaiJable by phone
and th at the receptionist does not offer teeh support of any kind. Here are the "contact" details
once again:

COMMtronics Engineering
World Scanner Report
PO Box 262478
San Diego, CA 92196·2478

BBSIFAX (619) 578.9247, 5:30pm.1:30pm, Pacific
Voice admin: (619) 578-9247, 1:30pm.5:30pm, Pacific
Internet: bcheek@cts.com
Compuserve: 74107,1176
FidoNet: 1:2021731
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Table 8-10: Resource List

Cheek"; The Ultimate Scanner

In no particular order of preference, the following companies are known to provide parts,
materiais, and other resources essential, useful , or supplementary to the CE-232 Interface:

All Electronics Corp PO BOX 567 Van Nuys CA 91408 . (800 ) 826-5432 Parts/Materials

COMMtronics PO Box 26247 8 San Diego CA 92196 . *(6 19) 57 8-9247 CE-23 2 Souree

Derf Electronics 37 Plain Ave New Roehelle ~I' 1080 I . (800) 645-5030 Parts/Materials

Digi-Key Corporation 701 Brooks Ave So Thi ef River Falls .. MN 5670 1 . (800) 344-4539 Parts/Materials

Electronic Salvage Parts . .706 Middlc Country Rd Centereach NY 11720 . (800) 645-5030 Parts/Materials

Fordham Radio 260 Motor Parkway Hauppauge NY 1178 8 . (800) 645-9518 Test EquiplTools

Future-Active Electr 41 Main Street Bol ton MA 0 1740. (800) 757- 9438 Parts/Materials

HosfeIt Electronics, Inc 2700 Sunsct Blvd Steubenvillc OH .. .43952. (800) 524-6464 Parts/Materials

Intercept Technology 74 Western Ave Enon OH 45323 .#(513) 297-0250 Vader

JameCo Electronics 1355 Shorew ay Rd Belmont CA 94002 . (4 15) 592-8097 Parts/M aterial s

lensen Electrome Tool s .. 78 15 S. 46th Street , Phoem x AZ 85040 . (602) 96 8-6231 Tools/Supplies

MCM Electronics 858 E. Congress Park Dr. .. Cent er ville OH 45459 . (80 0) 543-43 30 Part s/Materials

Mouser Electron ics 240\ Hwy 287 No Mansfiel d TX 760 63 . (80 0) 346 -68 73 Part s/M ate rials

Newark Electronics 5308 W. 124th ST Al sip 1L 6065 8 . (3 12) 37 1-9000 Parts/Materi als

Parts Expre ss Intnti 40 E. First Street Dayton OH .. .4540 2 . (800) 338 -053 1 Part s/Materials

PerCon Corp 4906 Map le Springs Bernus Pt. l\1J' 147 12 . (716 ) 386 -60 15 FCCDB

Tandy National Parts 900 E. Northside Dr. Ft. Worth TX 76 106 . (800 ) 44 2-2425 Parts/S vc Manuals

* On my BBS - Voice /:3 0-5:30pm. Pacific Tim e. BBS/FAX all other times

# BBS Wimber OIl !Y - 11 0 voice

'F:rcqYW4NT TO WR/TE YOUR OWN
SOFTWARE•••

I ' II help as much as possible.

I can provide a "developers toolk it.' with the
understandin g that the original deveJoper is no
ionger available for support. In a word, you' re on
your own if you write yam ow n software for the
CE-232 Interf ace. On the other hand , the price for
the tooikit is "right' (fret )

But ii ' s not that big a challenge... A number of
third-party developcrs have succcssfull« uscd the
tooikit without complaint.

To ge! this roc lkit al no cltarge . cont act me on
the BBS and I' Il ci irect V(HJ to the file.

Good luck to you ... and remember to share your
insights with the other hobbyi sts who can benefit
from your experience. Also, you may do a
whizbang software pack age that really deserves to
be shared with others ... use my BBS for tha t.

SO YOU'RE COMPUTERIZED NOW...
Yes, now the nasties t part of our hobby is being
done by a machine that doesn ' t know the meaning
of the word "boring."

You r sc anner wil! he program med,
an d y ou r fi les wil! he niaintained,
automatica lly, by th at u lt im ate
ingredieut ,)f the Ultim ate Scanner 
th e comp u ter /

CO N GRA. TlJL A T{ONS!
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FUN STUFF
L'm sorta slipping one past you, but you 're gonna love it !

YOU DESERVE A BREAK TODA YI

Hacking is fun, but now and then we hackers
have to take time off "work" for a little relaxation
and serious couch potato-ing. Patience be damned
for this section . Rush or lag all you want; make all
the mistakes you want, inciuding downright
stupid ones. In fact, this is a good section to
unwind before turning on your scanner.

Relax; grab a steaming cup of Jamaican Blue
Mountain estate coffee, a frosty barley pop, or

, maybe a big ol' fat corned beef and anchovy
sandwich. Put on your slippers; turn your
soldering irons off. The most you' 1I need here is a
calculator, pencil & paper, and a computer if you
have one - and you should by now, right?

There is one thing, though...

WHY?

If you're serious enough about our hobby to be
reading this book. then you know that no matter
how "ultirnate ' the hardware might bccorne. you
have to know what to do with it.

Hence this chap ter, where wc ' Il piek up a bunch
of loose ends, give you one or two basic tutorials,
transmit a couple of rernarkable tools, and talk
about ways to really exploit your Ultimate
Scanner.

If all you want to do is boast about how many
wires stick out of your srore-bought PRO-9999 .
fine. If all you want to hear is your neighbor' s
baby monitor, or thc local Highway Patroi, thats
up to you. Skip this chapter until your interests
evo lve somewhat.

However. ..

If you reatry want to expand your horizons (in
every scnse, as you will soon see), and get the
most out of that incredible machine into which
you' ve poured so many hours and dollars, then
this chapter was prepared just for you.

TOOLS

The tools of radio go far beye nd voltmeters.
soldering irons. and radio equiprne nt. Theres J.

whole boatload of stuff to fill the spaces behind
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the scenes of radio above and beyond the mere
fl ipping of a switch and listen ing to what' s going
on in the spectrum.

Granted. sorne people are interested ONLY i~l .
flipping switche s and maybe twisting a coup Ie of
knobs. You're probab ly not anc of thern, given
that you 're reading this hardcore baak .

Hacking and electronic experimenting are two
distinct facets of radio that might elude the entry
level knob twister, but there are more ... oh, my
voodness. a lot more! A serious pursuit of the
Ultimate Scanner dictates the addition of a few
serious wals to vour warbag. apart from
frequencies, antennas. and coax cab Ie. I can' t lay
'em all on you in this single volume, b~t Jurnpin '
Jehosephat, do I ever have a few ~oodle.s fo.r you
more serious types... stuff you rnight think IS

magie . Its not. .. but it works that way.

1'11 start slow and easy for YOLI green weenies, anc!
then I' 11 pop the eyeba11s of even a few experts.

ELECTRONIC FACTS, FIGURES,
& FORMULAS

If vou alreadv know all this stuff, then heat it! Get
outa here . Jump a few pages where I will kno~k
the soeks off of even the crustiest hacker s. This
first segment is for these who are a little green

Cheek3
: The Ultimate Scanner

around the gi11 s and not sure of the difference
between aresistor and aresister. This is a
reference sectien for the kinds of things you'd
remember if they were used every day instead of
just on Saturdays. Like me for ins.tance... I keep a
Hammer & Nai l chart on the wall 111 one corner of
mv shop. lt shows the diffe rence between the

. h' I Ihammer and the nai l . Aheni... you u rru. Y OU rave
problems...?

Imrnediatelv ahead is an electtonic syrnool chart
for quick relerenee if you don ' t ,tl:lv.e a lot of

I experience fo11owing a schematic diagram.
Electronic svmbols are fairly universal. but don' t
get too hung up on my d.epictions ~f what' s w,h ~t.
You may see others. 1 will try to stick to wha~ s In

the chart, though. It pretty much fellows service
manual schematics, toa, sa you' lI be okay for the
most part.

Next comes some basic electronics math, foliowed
bv a bit of advanced math and then a rousing
crescendo. Check it out now or later, as suits your
fancy, but don ' t ornit it complete!y from your
scanner training. It ' s good matenal.

This section was designed to be monstrously
rewarding in the lonz run but you can ignore it for

ö •
a while without missing a lick . You say you re
ready flOW? Okay, break out your slide rule and
abacus, and let' s get to it. It' s not all fun... there
might be a Iittle work in there, also.
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Figure 9-1: Standard (more or less) electronic schematic symbols
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ELEMENTARYELECTRONICS MATH LOGARITHMS

Lets !earn Ohms Law once and for all : It 's a key
ingredient of any electronic stew:

Eye equals eeeeee over arrrrrr

Are !ogarithms a probl em for you? Use this
general solution as a reference and l' 11 try to
clarify the issue:

where we have the genera / f arm of BX =y

2 = Log,o100

3= Log, 8

1ei =100 therefore

2 3 = 8 therefore

Exam ples :

Pronounced : "Two is the logarithm in the base la of 100,
and three is the logari thm in the base 2 of 8. "

The logarithm is a useful tooi to the engineer
because once the concept is learned, manipulation
of even extremely complex numbers becomes both
easier and faster.

In particular, logarithms are important to the
compleat scannist and dedicated hacker because of
the all-important unit of measurement called the
decibel. Decibels are logarithms and are very easy
to handle and to understand - withjust a little
practice. A brief historical note here ...

The decibel is actually one-tenth of a Bel, a unit of
measurement named after Alexander Graham BeH,
best known for his invention of the telephone.

In his day, however, BeH was widely known and
acclaimed for his work with sound and the deaf.
Nowadays, the decibel has become a standard unit
throughout science, physics, and especially radio.

Here we go:

A >I:.OGA.RITH", ·,STJ!Nj'Xf!lJli.BT >

That's all... an exponent. Look at BX=Y again. X
is the logarithm of Y to the base B. The most
common base is 10. There are others, but we
won't need them in this book.

Unless specified differently , logarithms here are
Log. ; which means "Logarithm to the base JO. "

Some Logs are easy to determine at a glance. Like
.,100" for instance. 100 = 102

• So the Log., of
100 = 2. Easy! Log., of 10 = land Log., of
10,000 = 4. Log., of 1,000,000 = 6.

All those are easy. But what about this one: Log ç,

of50 equals what? It is 1.698970004, that' s
what, (10L698970004= 50), but how to find out?

E
2

P

P
1=-

E

E=/ xR

1
F --__

() - 2rrJLC

and

and

and

I

p

.JP x Rand R

E =-

E
R=-

I

I
X .=--

r . 2rrFC

and

and
E

1=
R

P = Power , watts , energy (horsepower)

P = E x 1 and

where: XL = Inductive reaetanee. ohms
Xc = Capacitive reaetanee . ohms
L = Inductance , hennes
C = Capacitan ce, farads

F and Fo = Frequency, Hz

E
2

P = and E
R

X L = 2rr.FL

where:
I current, amp ères , item, (sackful of electrons)
E = voltage, volts, aforee (pressure)
R = resistance, ohms, an obstacle, (friction)

where:

Ohm's Law - taken to a second level, is almost as
simple as the previous one :

Other useful formulas follow . They're worth
noting because the technician working with radio
frequency (RF) circuitry must refer to them
frequently.

/ndllclive Reactanee Cqpacilive Reae/anee Resonam Freqlleno '



important.

Nowadavs. vou ius: enter u5cr <~ n t ') ·~- o u:~

calcul ator. ~;nd [{ir the LOG key .cxact!y like J dij
to find the lozarithm of 50 . I ' rn not sure I eve r
learned how to manua lly calculate a Iogarithrn, or
if Tdid . I forgot. Even mathern aticians and
engineers of the olden days did net manually
calculate their logarithms. We looked them up in
tables.

We stil! do, but now those table s are embedded
into most calculators and all computers. Use the
LOGlO key on your calculator to find logarithms
unle ss they 're the easy ones.

Here is a practical example for the use of
logarithms to simplify a hairy calculation:

Suppose you were given the opportunity to
work for 31 days, earning a penny the first
day, two cents on the second, four cents on the
third, doubling each day, for 3 1-days?

Wh at would be your wages for the 31st day?

That ' s easy: it ' s 2,°.

A penny on the first day is 1et, doubled to 2et
on the 2nd with 30 days to go: that' s 2,°.

But who wants to sit there and multiply out
2x2x2x2x2... 30 tim es? A better way is to
enter "2" into vour calculator and hit the LOG
key to see 0.301029996 . No w multiply that
logarithm of 2 by 30 to gel: 9.030899871 .

We ' re almost there .

That big number means 109030899871. If that
number is still in the display of your calc ulator,
then just hit the Hf key on your ca lculator to
get: 1,073,741,827 .

Now remember - we're getting paid in
pennies, so divide that by 100 to get doll ars:
$10,737,41 8.27 will be our wages on the 3 1st
day of work.

Yes, I wil! accept that deal!

But you see my point here?

Logar ithms make calculation a lot eas ier.
Logari thms are a Way of Life in electronics and
radio, sa you may as we ll piek up a working
kno wledge of their use.

\ :~ ; -U :(~ iJ ~ L-_-_j gari l t 1711 ~ :~ ' nu (.'~'.n ~ .

cannot deve lor a useru ~ undcrs tanding oewh.u~:;.

guing in YOUJ systern .

A DECIBEL IS A RATIO

That 's all, a ratio - a comparison of one value to
another. bat h with the same unit of measurement.

For instance, an amplifier with one-watt input,
puts out 100 watts . The ratio of output power to
input power is 10°/1or simply , 100. Not watts.
Not volts. Not apples. Just the pure, raw number
of 100.

Ratios are always pure numbe rs, with na units.

A DECIBEL "S A > ..
SPECIAL KIND OF RATla

With respect to the measurement and compariso n
of power (watts),

r,
dB = 10Log1oP

' 2

where PI is power, out or in , while P2 is power,
in or out, respecti vely.

The amplifier gain example above would be
calcul ated as follows:

r;
dB =10Log1o 

P2

100
dB=10Log1o-1
dB = 1OLog1oI 00

dB =10( 2)

dB= 20

Therefore, it can be said that the amplifier has a
"gain of 100, " or bet teI' still, "20dB. " Now , Iet ' s
take it one step farthe r, but in the opposite
direction: suppose I input 100 watts, but only
1 watt comes out ?
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That ratio may be stated as 1/ 100 or 0.01. Using
the above formula, we find the logarithm of 0.0 I
is - 2 and when multipl ied by la, we find a "gain
of-20dB"... or better stared . "a 20dB loss . "

Did you notice that the gain statement has a
negative value while the loss statement has a
positive value?

Herein lies one of the secrets to understanding the
decibe l, and working with it! Keep the numbers
positive as much as possible ! You can legitimately
do that provided that you think, talk. and write in
terms of real gain and reall oss.

Consider how you' d be ten dollars richer if you
lost a negative ten bucks! By the same teken,
you 'd be ten dollars poorer if you gained a
negative ten bucks! See how things can get
confusing?

Well , decibels can be greatly simplified by
worki ng with them in such a rnanner as to avoid
the use of negative numbers. So iong as you think
and label your decibels appropriately as e ithe r gain
or loss. all these dB expresslons can be positivo
nu mbers ! There are times when vo ull have to
assign appropriate polarities in order la perfe rm a
calculation properly. but if vou think logica lly and
zet a bit of prac tice there should he na nroblcrn .
'- ... :..

For instanee. suppose we have a systern where the
sum of all gains is IOdB and the sum of all losses
is 7dB.

Express the net gai n and net lo ss . The re are two
answcrs here :

The net gain is +3dB .

The net loss is -3dB.

Conversely, if the sum of all gams in thar system
is ï dB and the sum of all losses is lOdB. then the
net gain is -3dB and the net loss is +3dB.

I prefer to speak and to calculate in terrus of
whatever produces a positive number. so in the
ïirst examp le. net gai n of 3d B is best, whi le in
the secoud example. a n et loss of 3dB is
prete rred.

You will find it ir matherna ticallv casier to Dut the
larger of two numbers in a ratioron top," and the
smaller "on the bo tro :n."

Logarithms really dont care which way you do it.
but onc V; (1 )' produces negativc dec ibels whiie the
e ther produces po sitive o ncs. I'I l hel p you wi th
such concepts sa you' lI sec how they work.

Cheek:;: The Ult imat e Sca nner

100
dB = IOLog1o- = 10(2) = 20

1
I

db = 10Log10 - = 10(-2) = - 20
100

Ok ay, let' s mo ve on .

Ratios of power (P ) converted to dB are always
ten times the logarithm of the power ratio. But for
rat ios of voltage and current (E and 1), it' s 20
times the logarithm of the voltage or current ratio.

El 11dB =20L oo 0 - · or--
Ö] . E J

2 :2

Don' t letthat snow you iike it did me for a few
years . Voltage is not power and CUITent is not
power : power is voltage x current!

As an example, if your directional antenna delivers
100 JlV (100 microvolts) of a eertuin signal to
vou r receiver and an omni antenna del ivers 50 u.V,
then the gain of the directionai over the omni is';

=2 0Log l oL

= 20(.30 1)

=6.02

Sa the direct ional has a 6dB gain over the ornni.
About right.

Here ' s a calcularion to prove what Tsaid about the
relationship between logarithms and decibels. and
to help you keep it straight.

L ,
dB=: 2. 0Lo<'2. :0-/:.'

~ ,

Lets use the antenna example above and couvert
the microvolts to power. G I) back to Ohms Law.
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Rernernber ? Well. wc know the voltages mto tne
anten ne and we can safelv assume thar its
impcdanee is SOQ. .

Therefore:

(l0Ü!lV)2
P = watts

SO

(100 x 10~6 )(100 x 10-6)
= watts

SO
10,000 xl 0-12

------watts
SO

= 200 X 1O-12"vatts

=200-pW

and ...

(SOJlV)2
P = watts

SO

(SOx I0-6)(SO x l 0-6
)

= watts
SO

2,SOO x 10- 12

-----watts
SO

= SO x 10-1
2watts

=SO-pW

We have two power levels now that correspond
with the two voltage levels: 200 picowatts and SO
picowatts. You can have some confidence in this ,
now :

200
dB = 10Log1o 

SO

which equals ten times the Log of 4. or 6dB! Sa
you see, 10 times the Log of Power equals 20
times the Log of either Voltage or Current.

Our assumption of SOQ for the antenna is valid so
long as it's either manufactured tobe SOQ, or is
matched and balanced to be soa. u, however,

~hat directior.al antenn a wcre ~t T'\i antenna.. fitred
U) a S(}i'l c{)ax cab ie with a -1< 1 (3(){)i 2 t0 75[1)
!j ~ atc h;n g t !<~ n"fO r !~1e r ~ then \ \/ (: \ :1 have fG

recaiculate uving 300n .

Th e resuu ina ! .5< 0- 1 Standi ns Wave RatIO WI Jl

introduce a bit of error (4% ) inr o the calculation,
whicn can be disrezarded for casual co mnaris ons .

~ .
Just remember to take into account the anterina' s
impedance (resistance) when convertin g received
po wer to microvolts :

WHY .'LEARNiIT?

Your understanding and enjoyment of radio will
be enhanced if you acquire a fundamental
understanding of logarithms and decibels . Fm
one, the whoIe world of radio works in those
units , and for another, once you 're comfortabie
with them they're a whole lot easier to work with
than the calculations you've been using!

Decibels are additive and subtractive, you see ! A
series of gains and losses in a radio system can be
a nightmare to analyze, if expressed in raw
numbers, but can be easily combined into a net
gain or loss if expressed in decibels. You can
more easily understand what' s going on in a
system by the use of decibels!

We 're going to use the heli out of decibels in an
automated fashion just a few pages ahead. I've put
together a calculating engine that will do most of
the work for you.

So stay relaxed... and enjoy the ride. But hold
onto your hat. Theres more, and it's good stuff!

ffg;'!{j<!!Ig;:! .~eJ'#JJ;g!@'. ·i~",~!fErlc····
BEAR'NGSt&D'STANCEU:'., .,. ;. <. ',~ . . ,::': --: :--::::--:-:-_:- -"--:----_: __.-:--- ---:-::::-.-:-:':--,_ - .<'-:--_ , ..:" ,-' '.

And get the most out of the Ultimate Scanner, toa!

There are plenty of "Great Circle" programs out
and about for hams and shortwave listeners that
compute Great Circ1e distances and directions.
These are okay for practical purposes, especially
hobby work.

But they can be quirky, inaccurate, and not fun ,
especially if you 're a modem computist who uses
Windows, OS/2, Unix, or other operating system
that' s capable of supporting several different tasks
at the same time (multitasking and multithreading).
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Great Circle programs tend to be very specific to
computer type and rather unyielding with respect
to format of the output data and applications for
the data outside the program.

Weil , I have a great Great Circle computation for
most any computer and most any environment!
But first... why would a scannist using his
particular Ultimate Scanner need to know how to
compute bearings and distances?

Many avid scannists are interested in other areas
of hobby radio, including ham , SWL, anel/or
Citizens Band. Each of the se specialized pursuits,
including scanning, can be highly enhanced with
the right tools and know-how .

Knowledge of how te cornpute bearings
(directions) and distances can add some power to
the 01' radio warbag. For instanee, every scannist
worth his salt knows that VHF-UHF signals are
" line of sight" only, right?

Yeah , they "know" that , but it aiu ' t true.

VHF-UHF sig na ls 'diffract' aro und the curve of
the ea rth and around obstac les . Diffract ion is the
cha nge or loss of coherence in a beam of RF or
ligh t energy that occurs due to self-interference,
whe n the energy bea m reach es "ed ges ," or
cha nges . of the surface along which its traveling.

It doesn 'r happen in space, but it certainly does
here on earth . And we have to take it into account.

The amount of diffract ion var ies considerably with
rnany factors, including weath er and atmospheric
co nditions, Still, e ven over a glass-smooth ocean ,
UHF signals can penetrate and be detectabie at
least 15% beyond the op tic al line of sight.

Unde r favorable condition s, thi s can go to 40% or
more. Out there at those kinds of distances,
though, the average scannis t won ' t det ect anyth ing
bu t noise .

If the Ultima te Scanner sta tio n is properly
eq uip ped with a direc tional beam ant en na. a 10 \\,;

noise pre am plifier. low loss coax ial cable, and a
fine ly tuned scanner, these d istauces ca n be
reac hed.

On the other hand, a directional beam antenna can
eas ily lose signals if its nor correctl y aimed in the
direction of the tran smitter. because it sac rifices
ornnidirectionality for gain .

Cheek~: The Ultimate Scanner

So there you have it... distance and direction. If
you know how to calculate them, you have a

better chance of grabbing otherwise undetectable
signais .

First, let ' s learn how to estimate the basic line of
sight (optical), It' s easy:

Distance of antenna to .J2H
Optical Horizon, miles=
where H = height of antenna above ground, fel

Example: If your receiving antenna is 50 feet
above ground level, then your optical horizon is
equal to the square root of twice its height, or the
square root of two times 50; or the square root of
100 , which equals 10 miles.

Now. th ats just the distance to the horizon. Radi o
horizon , thanks to diffra ction , goes an addition al
15% for about 11 .5 mil es, give or take a bit.

Th ats abou t the limit of yo ur range of detection
for tran smitters that are at ground level out there
on the horizo n. But that distance goes fanher if the
tra nsmitter antenna is above ground leve l.

Th at distance is extended by an add itional .J2H

at the transmitter end, you see. Therefore . if the
transm itter' s antenna is also 50 feet above ground ,
then the optical line of sig ht between the two can
go as far as 20 miles, and the radio line of sight to
23 miles or so.

Bear in mind that the onl y "perfect" earth curve
exi sts over sizeable bodi es of water.

Land masses definitely alter the characteristics of
the radio and optical horizons, so rne times for the
be tter. and sometimes for the worse .

Su rpri sin gly , the average remain s that of over
water and the above equation is a vcry good initia!
estimator for your range of deree tion.

Assuming that yo ur antenna is abou t 30 ft abovc
ground and the typical tra nsmitter antenna is 70 ft
above ground, then maximum ranges can be
expected to be about 20-25 miles .

Figure 9-2 depiets th is concept.
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Figure 9·2: Horizons...
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y

our Horizon

Optical Line of Sight
C

Yours and E's Horizon

Earth
(not e x ac tly to Be at e)

E y

Analysis: Given your scanning post at (8), you should be ab le to detect most signals
between the horizon at (A) and the horizon at (C) . All areas tro m (C) to (F) wil! be below
the horizon trom your post at (8). If there were a transmi tter at (0 ), you 'd be hard pressed
to detec t it. However, a transmitter at (E) shou ld be within your hearing range because it
is high eno ugh to "peek" into the line of sight from your location at (8) . The transmitter at
(E) should be ab Ie to cover the range between (C) and (F). Finally, any point above Line
(Y) will be withi n opticalline of sight of both stations, (8) and (E). The most cursory
examination of this drawing should make the line of sight concept fairly clear.

O kay , I sa id 1 had a hot e ne for Y0 l! aud here jt

is... 'y\,'eE, :~ w.irmer-uppcr. ar~ ~ \vay.

COMPUTING BEARINGS
AND DISTA NCES

RADIO .VSOPTICAI.1.0SS

Dori ' t get hung up on the additional yardage of
"radio line of sig ht" in con trast to "optica] line of
sight."

The pri nciples are much the same even though
computing radio line of sight involves more
variables than does op tica\. The compleat scannist
uses optical range to assess the relative certainty of
his radio range, and then factors in radio line of
sight and various qualities of the station to
es tab lish a "blu ep rint" for his location.

It all starts with the square root of twice the height
of your anten na. but it sure doesn 't stop there , as
you will soon find out.

Rather than a c lumsy am that might or mi

that wi ll enable you to insta ntly and co nveniently
calculate your ow n G reat Circle di stances between
any two points on earth , and more: you 'Il also gel
the be arings (directions) fro m one to the ether!

The spreads heet model that I' rn about to iay on
you was de veloped using Microsoft EXCEL 5.0
and tested on Mi crosoft W or ks 3.0, so it will
operate fine with either. It should also be
compatible wi th most ot her spreadsheets, with
little or no alteration.

If it does need mod ification , and that depends on
your choice of spreads heet programs, the
necessary ch anges wi ll be slight and few.

It shouJd work across a w ide variety of computers
and eperating sy stems , from Macintosh and Apple
II systems to all IB wllcompat ible s to At ari. Amiga,
and ev en Commodores.

You only necd to have a spreadsheet program
(Lotu s 1-2-3. Quatiro. Excel. iHS-Work s,
'~ /)n {i {7 i i!,.) ••I. ,. Clar isv/orks «- Lite etc i and tc)/ 1. " ,. y t' l..-< ! i'\ . _" , ~,- , _ .(. ..... . ~ ~.. ,., . .. L..I~ .• \. - : L · t . . ..

e nter the LÜ)e ! :;~ and torruulas exac tlv as g ivcn . It ~S

a very clcar-cutpiece ni. '
not werk on your co mputer. i arn giv ing you an
extreme!y prec ise ~ ê:()SY ..1 _0 -·U S ~· spreads hee t mod el

:~L' \ ~/ k~ r. n;r: +:: ;1) ' (.';!.: a E:~;~: about the model mat I
chose .
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SPREADSHEET MECHANICS

Cells B2-B5 calculate the decimal valnes of the
latitude and longitude coordinates that you wiIl
enter into cells C2-C5, D2-D5, E2-E5. More
on those ceIls later.

Cells C6-E6 are labels that show you where to
enter your data.

Cells B6 through B53 are comments and labels,
so you can do with them as you please, though
B52-B53 and C5t-E5t are identifier labels for
the degrees/minutes/seconds results that appeal' in
C52-C53, D52-D53, and E52-E53 so you
shouldn't change them.

Labels are also entered into C47-C50 and D47
D50 to identify distance and decimal-degree
results that appeal' in cells E47-E50. Cells C52
E52 and C53-E53 are formulas to convert the
calculated decimal bearings in E49-E50 back into
degrees, minutes and seconds. C7-C48, D7
D48, and E7-E48 should be left blank for now,
because we wiIl have a mind-blowing use for
them a little later.

Refer to the Technical Structure of the spreadsheet
just ahead to construct the portion described
above. Then you need only enter your latitude in
degrees, minutes and seconds in cells C2-E2 and
your longitude in degrees, minutes and seconds in
cells C3-E3. Enter the target's latitude in cells
C4-E4 and its longitude in CS-ES.

Results will instantly appeal' in E47-E50 and in
C52-E52 and C53-E53.

It reaIly isn 't complicated at all.

character, . B'l , (~1 ])1
anrt El are Hl, B3. H4.
E5 are critical calcul s. 50 enter tiK

formulas exactly as you sec thern,

SPREADSHEET MATH

You don' t really want me to dweIl on spreadsheet
mathematics, but to get you oriented I will
describe the first few actions that take place in the
A column.

The first math entrv is a constant value in ceIl A6:
1E-20. This is spreadsheet language for scientific
notation. 1 x 10-20 This extrernely small number
is used at kc" poruts in the calculations to prevent
errors eausec h\ a at dn zero..... __'':' " ' \.-l.. Ll\.. .....t ~ ,,/ (. ~ ~ •are label

If you are going to type it in, then open your
spreadsheet and set up for five columns by 53
rows. Columns are labeled frorn left to right, as A
through E, while rows are numbercd fr orn rop to
bortorn as 1·-53

In 1866,

sphere: rather it
Hemisphere.

The quality of his work will surprise you when
you karn that the Clarke Spheroid of 1866 (his
mathematical process) rernains the basis for
geodetic computations to this day. Ir is very
accurate, even for engmeenng and surveyrug.

While Clarke' s calculations and corrections for the
elliptical deviation of the earth' s sheIl from
sphericity are rather complicated and beyond the
capability of most hobbyists, I have simplified the
procedure so that a 4th grader can run the model
and get extremely accurate results.

The equations are built into the spreadsheet
formulas that I'm about to whip on you. You need
only type the formulas into a spreadsheet of your
preference, character-for-character. You only have
to build the spreadsheet once, and then you've got
a new tooi that wiIl stay sharp for a long time.

When that's done, enter the latitude and longitude
numbers for each of two sites in the blanks
provided and the spreadsheet will instantly
caIculate and present distance in miles and
kilometers bet ween the sites, and azimuths,
bearings, or headings with respect to True North
for each site.

It couldn't be easier, and beats the helI out of
Great Circle programs and manual calculations.
You reaIly don't have to know what you're doing.

And if you just can't stand to type, you can
download the necessary file(s) from my BBS and
import it into your spreadsheet, easy as you
please. The filename is SPRED.ZIP. See Chapter
1 for guidance to the BBS. That file will contain
the actual WORKS and EXCEL spreadsheets as
weIl as textfiles suitable for importing into almost
any spreadsheet.



Fun Stuff

B's longitude) and multiplies it by -I to change the
sign of the number. Cell A8, =B2+A7, combines
Site A latitude with Site B latitude to get an
angular difference between the two latitudes. That
calculation, in Cell AS, is tested for zero in A9:

=IF(AS=0,A6,AS).

If both sites were on the same latitude , the
difference in AS would be zero , and a string of
errors would result because of subsequent
divisions by zero.

To prevent that, if the contents of AS are zero,
then A6 is substituted, otherwise, whatever is in
AS stays there for continued use. A9 analysis:
"Ifwhatever is in A8 equals zero, then transfer
the contents ofA6 to this cel!; otherwise use
whatever is in A8. "

CeIl AIO is a pure iogic decision point.

=IF(A9<0,1,OJ,

reads , "IF whateve r in A9 is less than zero ,
THEN ente r 1 into AIO; EL5E if wliatever is in
A9 is zero or greater . then pilt 0 into 1110." Later
into the calculations, the spreadsheet checks back
at AIO to see if there is a 1 or a 0 and makes
decisions accordingly.

Getting the idea now ?

Relax, even if you don 't want to become a
spreadsheet expert, all you have to do is enter
these formulas exactl y as I show you in the
Technical Structure and the arithmetic engine will
do all the rest before you can yawn.

It is handy to know that personal computers do
not work in degrees. For some mystical reason ,
they work in radians. We need to work in
degrees, so all cell s with trigonometrie functions
wiIl inc1ude a conversion for radian s to degrees.

Fortunately, there are exactly 2rr radians in a
circ1e. For instanee. Cell A20 ca1culates the sine
of an angle in A19. With out the conversion
factor, the result would be the sine of that many
radi ans.

Okay , since there are 2TC radian s in a circle (360°).
it fellow s that there are TCIl 80 radians per degree.

=~I~ (A.12_*.PI ()/ ~~Q)
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where A32 is a tangent and must be converted
back to an angle with the arctangent function. The
correction for radians to degrees for the are
functions is inverse that of the angle functions , so
don't be confused by the 180IPIO factor in A33.

Another thing useful to know is how most
spreadsheets use pi (TC ). It has to be speIled out
followed by open and closed parentheses, PlO, na
spaces, and noth ing within the parentheses.

This, and an explanatory table just ahead should
take care of any confusion and ambiguous
meanings. Again, if you are not a spreadsheet
expert, don' t worry about it; just enter your
formuias exactly as I show them, and there should
be na problem with one exception that some
spreadsheets may do things a little differently than
Microsoft' s.

No big deal , because any needed changes will be
self-evident and can he incorporated immediately
aftel' consuiting your spreadsheet documentation.
Most are much alike and I tried to avoid the hairy
kinds of commands that are likeliest to differ from
one to the next. You ' 11 do fine ......

When you ' re all finish ed, your spreadshe et should
, appeal' a iittle like mine . For now, you should

disregard everyth ing shown in cell s CIO-C46.
DIO-D46 , and EIO-E46. We will add some
great things to this section a little later.

THE NUMBERS

Warm up to spreadsheets and !earn how easy it is
to work with them. For Great Circle calculations,
you need do no more than enter latitude and
longitude in C2-CS , D2-DS, and E2-ES.

These twelve cells will always be your data input
cells and you can change them at any time, of
course, to instantly recalculate and show the
results. Cells Cl-CS are for DEGREES only;
D2-DS for MINUTES onl y; and E2-ES for
SECONDS only.

In other words, you should enter ü NLY data in
these twelve cells. The spread sheet will take care
of everything else for you in a flash, incJudi ng rhe
calculated decimal equ ivalents in Cells B2-BS.

The spreadsheet cannot easily work with Lar &
Lon coordinaics like we enter them mto Columns
C. D. and E. but theres no sense In you manually
converring them into deelmal form when the
spreadsheet can clG n 1'0 , YO ~i . Latitude and
lonaitude coordinates are aimost always found in

~ .



Bv the way. the spreadsheet to rrn ulas are
exceptionally accurate allel produce rcsults that
agree with data taken from CS Geological
surveys.

You can ente r fractions of seconds in E2-ES
(assuming you know them ), but this is nor
necessary unless you' re deins serious ensineerinz"-' b e
or survey work.

For instance , the latitude for Site B could just as
readily be entered as: 34 09 35.459.

LATITUDE&·.<LONGITUDE

Theres meaning and facts behind all these weird
numbers: there are 360° in the circumference of
the earth , so each 15° of longitude represents one
hour of time (15 x 24 = 360 ). The earth ' s
equatorial circumference is about 24,859 miles. so
24,859 -;- 360 =69.05 mile s per desree of
longitude. /:J

S~nce there are 60 minute s per degree, each minute
or are IS about 1.15 statute miles, which happen s
to equal 1 nautical mile.

At 60 seconds per minute, each second is about
0.019 mile, or 101 feet , or a bit more than the
distance from home pl ate to first base on a
baseball diamond.

C1~arly , accurac y to the second is not import ant.
Still , .my spreadsheet will give accuracy down to

~he dlsta~ce bet,;een y.o~r ears if you input
information that s sufficiently accur ate.

Data entries must be all positive values for North
latitudes and West longitude s; and all negative
values for South latitude s and East lonzitudes.
Whell negative numbers are required, e~clz cel!
da ta entry must he negative.

For example, the latitude for Rio De Janeiro . 22°
ST 09 "5 is entered as: -22 -57 -09 .

FINDING TRANSMITTER LOCATIONS

All this stuff is sclf-ex planatorv. bUL rhe oucsnon
unses as to how Lat and L Ol! coord inures.are

1 • l ' • ~- • •

oorameo H1 H1e tust pl ace .'

IlH~ best \\'ay is direc t fr0!11 thc r-C~ (~ ; cc rt~t·

d ::ir;)}"j ~_:_s~ . ThaI '~ ~} \' ~tÜ~'c t.l I~ :~ .-_~ the p l~l b ~ I:: z r: ~ll ~_ ~~ ~ ~. ~. -.

i '?'~: i ê-·e:·.... _.... !· r ' ',': ' - - . "~ . " , r>,--~ . ... -' ;

MORE SOURCES OF DATA

My BB5 offers an on-line Fee database for the
emire USA which you can modern-query to
download frequency files for your area. The se
files contain Lat & Lon data for licensees of
record.

Another possibility is to use satellite Global
Positioning System receivers! The se GPS
receivers are accurate to within about 30-300 feet
~ep'ending on whether or not a unit is deliberately
limited to prevent accuracy of military value.

Still another way to acquire Lat & Lon coordi nates
ror a station !s from the Fee license that is posted
in the operatmg area of the transmitter site. If you
can' t get in to see the license , you can call the
station and get the coordinates.

Be polite ... just teil the station manager that vou're
programming a missile. .J

MAPS
You can also get the information from US
Ge<;>logical Survey Topographical Maps for your
region.

If you' ve never seen these maps, you are in for a
surprise! Wh.at a work of art and beauty your tax
dollars have bought ! Topo map s come in several
common sizes, but the preferred is what we eall a
"7.S-minute quadrangle. "

Next best are the "l S-minute quadrangles. " Others
may serv~ , also. The. point is that topo maps are
very detailed, sornetrrnes showi ng YOUR house,
apartment. or workpl ace building !

You can readily calculate your latitude and
longitude coordinates from a topo map as weil as
those for the radio stations that interest you.

This is a fun thing to do, I might add. US
Geo logical Survey topo maps are available frorn
many sourees. including retail map dealers in most
areas. as weli as frorn the USGS itself. Largei
met ro rcgions oft en have a t :SGS off ice where
rnap~ c.m he purchased

The ·j a t ~: car: e\ 'en De derived trom Rand-Mc'<allv
.'~ ' . ~< ' ~4Clad nL.1p:; \\ 'n ('Tt: ther- j ç., ~.; n~ark i ng fo r ..
~ \ ' e; ~,~. ~~gP~""c. ..~.,,~ :. ;. ~): L..or.. ..! {.JU w un : ge:
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extremely accurate data from this source, but for
many it ' s good enough.

You can get useful data from road maps by a little
work and some simple calculations, however.
Figure 9-3 shows the mechanics of how to do it
from any map that show s Lat and Lon.

Figure 9-3: Using a common road map

Now draw straight lines to overlay the longitude
and latitude marks you ju st made so that a
rectangle encloses your location at "D" .

Label the lower right intersection of latitude and
longitude closest to you as Point "A". Label the
lower left intersection of latitude and longitude
closest to you as Point "B" .

Longitude & Latitude
trom Raad Maps

1. Point "D" is your locat ion
2. Point "A" is the closest , lower right reference

point to your location.

PROCEQURE

Examine Figure 9-3. Find yam location on the
map and mark it with a penci!. Label that point
"D" .

1.3"ÇONVERTING THEQÄTA > ···· ..

Now comes the fun part. Draw a line from your
location down to interseet the line "A-B" . Label
that interseet point as "E" . Draw another line from
your location to the right to interseet the line
"A-C" .

=43+ 1.3
2.0

= 43.65°

Ir' s easy to con vert that decimal of a degree to
minutes and seconds, as follows:

Label the upper right intersection of latitude and
longitude closest to you as Po int "C" . Now
measure the distance from "A" to "B", which in
this exam ple is one inch (1.0"). Next , measure the
distance from "A" to "C", in this example it 's two
inches (2.0").

DEGREES = (integer) = 43°

MIN UTES = (decimal of a degree)(60)

= 0.65 x 60
= 39.00

Label that interseet point as "F". Measure the
distance from "A" to "E", in this example, 0.6".
Measure the distance from "A" to "F", in this
example, 1.3".

It is a simple matter to calculate your unique
latitude and longitude coordinates using simple
ratio and proportion math.

The lower right reference point is the starting place
where in the example, latitude is 43° 00' . The
upper right reference point is latitude 44° 00',
with a distance of 2" between them.

Your latitude is 1.3" above the reference, so:

Example latitude:

.0"

.6"1.0

NOTE8

i 44°

I C 00' 11' 2

I Of',':', F
,~ 1\

B E A 43 °
00'

118° 00' 111' 00'
/ .I, .....

"

Now go out to the right and left margins of the
map, where in small obscure text will be shown
latitude tic marks.

Find and mark the latitude tics just above and just
below your location at "D".

Now go to the top and bottom marg ins of the map
where in small obscure text will be shown
longitude tic mark s. Find and mark the longitude
tics just left and right of your location at "D" .
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SECONDS (decimal of a minute)(60 )

= 0.00 x 60
= 0.00

T herefore , the example latitude is: 43 .65" or

43 " 39' 00 "

Longitude is calculated in exac tly the sarne
manner . An exarn ple follows.

= 117 + 0.6
\.0

= 117 .600

DEGREES = (integer) = 117°

MINUTES = (decimal of a degree) x (60)
= 0.60 x 60
= 36 .00

SECONDS = (decimal of a minute) X (60)
= 0.00 x 60
= 0.00

Therefore , the exa mple latitude is: 11 7.60" or

11 r 36 ' 00".

INCREMENTS

This method of interpolating your latitude and
longitude coordinate frorn raad maps is valid oniy
if the degrees are anno tated in 1° increments.

!f in 30' or 2° or any other increment, the method
is still valid, but you'lI have to be carefuI to keep
your references straight. Suppose the increment
was 5° at 2-inch interva ls. and your line were at
I" - then. you' d have to add 2.5° to the reference

Cheek3
: The Ultimate Scanner

I to obtain that particular coo rdinate for your
location .

lt just happens that most Rand McNally and other
road maps I've seen have I Û incrernents . USGS
ï .5 minute quadra ngl« topographical maps have
2.5' (0.04 °) increnients. Y O ii ('(UI see wl iv thev're
050 accurate (and[un ). . .

My Distance & Bearing Spreadsheet will calculate
good data for you, even using raad maps, but it
only gets beller with the more accura te latitude and
longitude coorelinates that you can feed it.

Anything beats laying out rulers anel protractors
on crumpled roadrnaps,

YukoBut that works , too.

USING MY DISTANCE·BEARING
SPREADSHEET

It' s a snap .

I Type in the Site A anel Site B coorelinates in cells
C2 through E5, and page down to the bottom of
the spreaelsheet where the results will be waiting
for you - unless your computer is so slow that
you have to blink a few times befare the
calculations are complete.

Anel that ' s all there is to making this baby work.
It ' s useful , extremely accurate, anel amply meets
even the most serio us hobbyist' s neeels. Anel it
beats the soeks off these bulky, cumbersome
"Great Circle' programs you see floating around.
And, whar ' s more, it will be useful for what' s
co ming next. Read on, McDuff.. .

Table 9- / is a column-by-column exp lanation of
wha t you need to know to builel a werks heet of
your ow n.
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Table 9-1: Standardized spreadsheet sym bology

Typed
SymboJ SymboJ
Name Appearance

Asteri sk *
Op en paren (

Cl osed paren )

Both pareri s ( )

Cornma

Plu s sign +
Minus sign

Forward slash /

Left caret <
Up caret 1\

Decim al

Equal s ign =
1 x I O · ~o IE-20

Sin e SI N

Ab solute Value ABS

Cosine COS

Arc Tangent ATAN

Lo garithm LOG

Pi or 1t PlO

Logical If lP

Square Root SQRT

Truncate TRUNC

Int eg e r INT

Keyboard
Location

Uppercase 8

Uppercase 9

Uppercase 0 (ze ro)

See abov e

Self-evident

Uppercase equal sign =

Lewerease underscore

Lewerease question mark

Uppercase period

Upp ercase 6

Period ke y

Left of back space ke y

St andard ke yboard text

Meaning in Spreadsheet

Multiply by

Aigebraie organizer. beg in

Aigebraie organ ize r, end

Required after the PI() entrv (no spa ces )

Logica! separator

Add to or positive value

Subtrac t from or ne gative value

Divide by

Logica! ls-Greater-Than

Expo ne nt; 21\4 is same as 2~

Decimal point

Equal to. or equals. Fo rm ulas begin with =
Vel}' small real number, larger than ze ro

Tr igonometrie function

Changes negative numbers to positive

Trigon ometrie fun ction

Trigonometrie [unction

Returns logarithm (base 10 ) of a number

Rat io of circumference to diameter of a circle

Cond itionol log ie. lFt something .do, eise)

Square root of a number

Rem ov e the decimal part of a number

Rounds deeimal down to nearest whole number

NOTE: TRUNC and INT are simi lar in that both return integers. TRUNC simply removes the
fractional part of the number. INT rounds numbers down to the nearest integer based on the value
of the fractional part of the number . INT and TRUNC are different only when using negative
numbers: TRUNC(--4.3) returns --4, but INT(--4.3) returns -5, because -:5 is the lower number.
Either one will work for the same purpose in the spreads heets given for the Ultimate Scanner.

Porti ons of this spreadsheet are based on the Clarke Spheroid of 1866 as published by the Coast and
Geodetic Survey of the US Department of Commerce in Special Publication No . 8, Formulas and
Tab/es for the Computation of Geodetic Positions , Seventh Edition .
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TECHNICAL STRUCTURE OF THE GREA T CrnCLE AND
VHF-UHF PROPAGATION ANALYSIS SPREADSHEET

Open a spreadsheet and enter exactly what is ShO\\11 under the FORMlfLA or TEXT column into the cell specified under the CELL
column. Formulas begin with an equals (=) sign so enter exact symbols, numbcrs and text as 5ho\\11 without spaces. (Pure text entries
may contain spaces.) Do not interpret here; take everything Iiterally. All "0" characters in formulas are zeroes, except LQG, an "Oh".
Shaded entries are for the Great Circle calculations. Unshaded portions (11!F-r'HF Path . lila lysis ) may be omitted, if desired.

CELL FORl\1ULA or TEXT ICELL FORMULA or TEXT CELL FORMULA or TEXT

A1 B1 DECIMAL C1 DEGREES
A2 Latitude Site "A" B2 =C2+D2I60+E2I3600 C2 32
A3 Longitude Site"A" B3 =C3+03/60+E3!3600 C3 117
A4 Latitude Site "B" B4 =(C4+D4/60+ E4/3600) C4 34
A5 Longitude Site "B" B5 =C5+D5160+E5I3600 C5 118
A6 =1E-20 B6 Division by 0 proteetion C6
A7 = -1*84 87 Change sign C7
A8 =B2+A7 88 Math C8
A9 =IF(A8=O,A6,A8) B9 Logic C9
A10 =IF(A9<0, 1,0) B10 FLAG-O - Logic C10
A11 =ABS(A9) B11 Absolute value C11 Site A Name>
A12 = -1*85 B12 Change sign C12 Site B Name>
A13 =+B3+A12 B13 Math C13 Engineer>
A14 =IF(A13=0,A6,A13) 814 Logic C14 Date>
A15 =IF(A14<0,1,0) B15 FLAG-1 - Logic C15
A16 =ABS(A14) B16 Absolute value C16
A17 =B2+B4 B17 Math C17
A18 =A1612 B18 Math C18
A19 =A17/2 B19 Math C19
A20 =SIN(A 19*PI()/180) B20 Sine C20
A21 =A18*A20 B21 Math C21
A22 =A20"2 B22 A20 aquared C22
A23 147.7397736 B23 N, America correction C23
A24 =A22IA23 824 Math C24
A25 =+1-A24 B25 Math C25
A26 =COS(A19*PIO/180) B26 costne C26
A27 =A26*A16 B27 Math C27
A28 =A25*A27 B28 Math C28 Gain
A29 =1/A23 B29 1/x C29
A30 =1-A29 B30 Math C30 Loss, add-on
A31 =A28/A30 B31 Math C31 Loss, basic
A32 =A31/A11 B32 Math C32 Loss, Free Space
A33 =ATAN(A32)·180/PIO B33 Arc Tangent C33
A34 =IF(A10=1,0,180) B34 Logic C34
A35 =IF(A 10=1,-1 *A33,A33) B35 Loglc - Change sign C35 Loss, total
A36 =IF(A15=1,-1*A35,A35) B36 Logic - Change sign C36 Loss, total
A37 =A34-A36 B37 Math C37 Loss, total
A38 =IF(A15=1 ,-1*A21 ,A21) B36 Math & logic C38 dB below 1-watt
A39 =(A37-A38)+180 639 Math & logic C39 dB below 1-watt
A40 =A39-720 B40 Math & logic C40 dB below 1-watt
A41 =360+A40 B41 Azimuth Logic, B-A C41 Rx SignaI Level
A42 =IF(A41 <0,A41+360,A41) B42 Sine C42 Rx SignaI Level
A43 =SIN(PI()/180*A33) B43 11x C43 Rx SignaI Level
A44 =1/A43 B44 Math C44 Max Line of Sight
A45 =A44*A27 B45 N. America correction C45 Max Line of Sight
A46 =A45*69.17147736 B46 Square root C46 Max Line of Sight
A47 =SQRT(A25) B47 Logic C47 Miles
A48 =IF(ESO>=180,ESo-180,E50+180) 848 Math C48 kilometers
A49 =A38*2 B49 Math C49 Direction/Bearing
A50 =A48+A49 BSO Logic CSO Directlon/Bearlng
A51 =ASo-720 B51 Logic C51 DEGREES
A52 =360+A51 B52 Azimuth, A to B (ON)_> C52 =TRUNC(E49)
A53 =IF(A52<O,A52+360,A52) B53 Azimuth, B to A ("N)-> IC53 =TRUNC(ESO)
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TECHNICAL STRUCTURE OF THE
VHF-UHF PROPAGATION ANALYSIS SPREADSHEET (Concluded)

CEll FORMULAorTEXT CEll FORMULAor TEXT

SECONDS
3
44
35
30

SITE INFORMATION
Hertzian Intercept ; San Diego, CA
NOAA Weather Sta, Mt. W ilson, CA
Bill Cheek

3/28/1995 12:02

MINUTES
55
5
9
3
" ENTER COORDINATES ABOVE "

Transmitter Frequency (MHz) >
(A) Ant Height Above avg terrain (ft»
(A) Antenna Gain (dB) >
(A) Misc Site Loss (dB) >
(B) Ant Height Above avg terrain (ft»
(B) Antenna Gain (dB) >
(B) Misc Site Losses (dB) >
Transmitter Power (watts) >
Height of Obstacle in Path (ft) >
Shortest Distance to Obstacle (mi) >
Notes & units of meaasurement
Gain Tx Power relative to 1-watt(dBW)
Total Gain (dB)
Disrega rd this Interim Calculat ion
Shadow Loss (dB)

01
02
D3
04
05
06
07
08
09
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
D30

E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13
E14
E15 ENTER RADIO PATH DATA BELOW
E16 162.SS0
E17 SOO
E18 0
E19 S
E20 S710
E21 2
E22 1
E23 100
E24 0
E25 0
E26 CALCULATIONS
E27 =10*LOG(E23)
E28 =E18+E21+E27
E29 =IF((E24*E2S*E16»O,10*LOG(E16)+2Q*LOG(E24)-10*LOG(E2S)-SS.8,0)
E30 =IF((E24*E2S*E16)=O,O,IF(E29>=13,E29,EXP(((10*LOG(E16) +20*

LOG(E24)-10* LOG(E2S))-SS.8)*(0.08S34))*4 .3S4S9))
031 Plane Earth Loss (dB) E31 = -1 *10*LOG(O.00000000000000345*((E1 7*E20)/(E47"2))"2 )
032 Reference ideal (dB) E32 =36.6 + 20*LOG(E16) + 20*LOG(47)
033 Loss, add-on, earthcurve Typical (dB) E33 =E47"( 1.438001208)*O.064950355
034 Loss, add-on, earthcurve worst (dB) E34 =O,08660047*(E47"1.438001208)
035 Ideal Path Loss (dB ) E35 =E30+E32+E19+E22
036 Typ Path Loss (dB) E36 =E31+E30+E33+E19+E22
037 Worst Path Loss (dB) E37 =E30+E31+E34+E19+E22
038 Ideai Rx Power (dBW ) E38 =E35-E28
039 Typ Rx Power (dBW) E39 =E36-E28
040 Worst Rx Power (dBW) E40 =E37-E28
041 Ideal RSL (uV) E41 =SORT(50* (1/(1D"(E38/10))))*10"6
042 Typical RSL (uV) E42 =SORT(50*(1/(10"(E39/ 10))) )*10"6
D43 Worst RSL (uV) E43 =SORT(50*{1/{10"(E40/10))))* 10"6
044 A to Horizon (m i) IE44 =SORT{2*E1 7)
045 B to Horizon (mi) E45 =SORT(2*E20)
046 Max poss A to B (mi) E46 =E44+E45
D47 Path Distance (mi) ' E47 =A46/A47
048 Path Distance (km) E48 =1.609344*E47
049 Azimuth, A to 8 (ON) E49 =IF(A53<O,A53+360,A53 )
050 Azimuth , B to A (ON) E50 =IF(A42<O,A42+360,A42)
051 MINUTES E51 SECONDS

, 0 52 =TRUNC( (E49-TRUNC(E49))*60) E52 =({(E49-TRUNC(E49 ))*60}-D52)*60
i053 =TRUNC((ESD-TRUNC(E50))*60) E53 ={({ESD-TRUNC(EGO))060}-DS3)*60

Nü TES: (1) Cell E30 contains one continuous f ormula with no spaces or Iincbreaks
(2) For MS-WORKS and other spreadsheets thal do net recognize the TRUNC command, usethe following instead:
C52 =INT(E49) C53 =iNT(ESO) D52 =iNT((E49-I NT(E49W60\ Q§3 =iNT((ESû-INT(E50) l*60)
E52 =(((E49-!f'ill.E49))*60l-D52l*6..Q ES) =1!(ESO- INT(E50))*60 }=D§2.LQQ
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VHF-UHF PROPAGATION ANALYSIS SPREADSHEET
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RA"'OPATH ANALYS'S FOR
1/HF:UHF"
Thi s is really interesting. Imagine yourself 60-100
miles from some action that really interests you. In
fact, you 'd give your upper molars to be able to
monitor that action on your Ultimate Scanner.

Try as you might, ) 'OU just can ' t seem to pull in
any signals from that area.

For all you know, it might be IMPOSSIBLE to
receive those distant police, news media, and
emergency frequencies, but basically, you don't
know for sure.

Would you like to know? Would you like to be
able to accurately estimate the requirements for
VHF-UHF communications over any terrain, over
any distance? Weil, you might want to, if
knowing in advance could save you a lot of time
and doll ars.

Sure... with a 200 ft tower, a mas sive log
periodic beam antenna, GaAsFET low noise
preamplifier, and expensive hardline coax, you
should be able to receive signals from Katrina's
Cantina in the Ural Mountains of the former
Soviet Russia. Spend enough money and you can
do almost anything...

BULLINGTON?

But you don't have the money for such a hairy
setup. You might be able to cou gh up a couple
hundred bucks for a decent beam anten na,
mounting mast, and preamp, but what if it doesn 't
work after all that expense and labor? Is the
money wasted?

The only thing worse than not being abIe to get the
job done is to spend a lot of mone y and still not
have a solution!

Weil , I can show you how to 'engineer' your
requirernent s in advance, thank s to so me
goshawful hard work performed back in the
I940 's by an engineer named Kenneth BulJington,
who studied VHF-UHF radi o propagation so
thoroughly that he figured out how to predict and
model its behavior over a wide variety of
conditions and circumstances.

To follo w Bull ingtons work isn ' t simpIe, even to
this day. but thanks to the computer and other
modem developments, I can show you how to use
these techniques without know ing what you're
doing , and still come up with some valid data
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about what it takes to receive signals at Point A
(your site) from a distant transmitter at Site B.

We 're going to put the mathematical relation ships
of these calculations into a spreadsheet (call it an
autom atic calculation engine). Then, by simply
entering the variables, the computerized engine
will do all the work . Let it understand Bullington!

APPLYJNea.·.IH'$··.···TQ;.THE:;;ULT'AfJlTESCANNÊR ". . !. .

Let' s analyze some of the parameters ofradio
communications that are above 30 MHz, and that
impact the Ultimate Scanner and its operator.

The threshhold of signal detection for most
scanners is about I~V (l-rnillionth of a volt),
below which the signal is either noisy or not
detectable . Some scanners are a little better; some
not as good, but 1~V is the normal reference point
and we will use it.

The Ultimate Scanner, though fed as good a signal
as the channel can produce by an excellent
antenna, good cables and connectors, remains
susceptible to the losses that follow, because they
occur between the transmit and receive antennas
not inside the electronics.

To make it simpie: nothing you do to your receiver
or scanner will find a signal that just ain ' t there .
But, you know that transmitter just over the
horizon is pumping out lotsa watts .

Wh athappened?

FREE SPACE LOSS

Radio signals weaken in free space at known and
predictabie rates as they propagate, the first factor
affecting which is the ' spreading effect ' caused by
the ever-expanding wavefront; same principle thar
makes illumination decrease, the farther away it
gets from the souree of light.

The mie s are about the same, too. Double the
distance, receive one-fourth the power.

This spreading effect is mo st con sistent and
predictabie in 'free space , where the presence of
ground and other objects is not an issue. Decay of
radio signals in free space is one of the most
predictabie physical parameters in the universe,
about like free fall in gra vity:

Here ' s what it looks like:
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PI
= lOLog 10 

Pr

Calculate the 'free space' attenuation of the radio
signaIs:

where:

=36.6 + 20*LOGili16) + 20*LOG(E47)

or , perhaps better still :

Cldb = 36.6 + 20Log rü F + 20Log l o d

I/Pr

10 Log (Pt -ê- Pr)

10 Log (I watt -ê- Pr )

10 Log ( I/Pf)

Log ( IIPr)

Log ( l lPr)

IIPr

dB =

104 =

]04 =

104 -i- iO =

10A =
10io.! =

2.51 x1O i Ü =

Pr =

Pr --

Cldb = 36 .6 + 20Logl O F + 20Log jQ D

Cldb = 36.6 + 20Log lO 120 + 20Log lO 75

Cldb = 36.6 + 20(2.08) + 20( 1.88)

Cldb = 36.6 + 41.60 + 37 .60

Cldb = 115.8dB

3.98x IO'!I watts ,
or 0. 0000000000398 watts
or 39.8-picowatts

In plain Engl ish, that means the amount of signa!
reaching the antenna of the receiver wil1 be about
l l ó-decibels be/ow whatever was transmitted!
Now we can calculate the approximate received
signal strength to determine if communication is
even possible.

Ler's assume the aircraft transmits 4 watts of
power into an antenna with 3d B gain, and that the
airport receiver's antenna has 3dB gain as wei l.

First, let ' s calculate received power. We know n
will be 116dB Iess than transmitted, sa we look at
path gai ns first, with 3dB + 3dB for each antenna
gain, and then theres the 4-watts of transmitter
power whic h is 6d B above the OdBW reference of
ene-w att : (dB = 10 Log G ain or Loss = 10 Log
4/1 = 6) .

So 6d BW of power plus 6dB of antenna gains
equals J2dB of system gain to offset that 116dB
of free-space loss. In this example, ne t received
power (Pr) w ill be I 16 - 12 = 104dB be low I
watt, or -104dBW.

Then:

attenuation, decibels

di stance between antennas, mi Jes

frequency , MHz

where :

a db =
d =
F =

CX d b = lOLog 10 ~l = 10Log ,o(4560F2d 2
)

r

If you' d like to calculate free space attenuation of a
radio wave in a spreadsheet. the procedure is as
fo11ows:

Enter frequency (MHz) into Cel1 E 16. Remem ber
the distance (miles) between antennas from the
Great Circle calculation in E47?

Enter this formula into E32:

a db =attenuation. decibels

P, =powe r transrnit ted, watts

P, =power received, watts

d =dis tance between antennas, miles

À =wavelength in centimeters

The above fo rmula is complicated, but can be
sirnplified for calculator and computer work in one
of two ways, as foll ows:

Cel1 E32 will display the tre e space loss , in dB , of
the radio wave .

As an example. consider an a ircr aft 75 mi!e s from
the airport at 35 ,000 ft. operating on 120MHz.
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lt's simple to ca1culate the RSL (Received Signal
Level), a more meaningful figure than received
po wer .

Ohms Law is our guiding light:

?
P = E- -:- R, sa :

3.98xlO'l l watts =E2
-ê- 50Q (v irtually all comm

sys tems use 50Q antennas)

(50)( 3.98xlO'I' ) =E2

Now take the square root of bath sides, and:

E = 4.46 x l 0-5 volts = 0.0000446 volt, or

44.6/lV (microvolts)

I/lV usually permits usabIe communications, sa
we can feel pretty confident that 45/lV will offer
more than satisfactory results !

: C'X0iE4~: The free-space los~ fgiinulas apply
to radi6'waves trave1ing in free spaèe only,
which ·lirnits analysis to such situations as
aircraft-to-aircraft, air to ground, ground to
air, and space communications.

Mouritain~top to mountain-top and close
r~I1ge <communications might .also qualify
ühderrthe'free space' rule.: ...••.......
Fr~ê 1·~~~~e is generally that P()I"tf()fJ 'of the
w'aV,èf r()nCthilt' s at least three \ vavelel1gths

::aWaY·J rom eàrth or any obstacle.

"Clear Line of sight" is a major property of free
space, and not the onl y one .

Pi.'A.NE.EARTH LOSS

Radio signals weaken more when passing over the
surface of the earth (Plane-Ea rth Loss).

The model for free -space loss has to be mo dified
if a rad io wave passes across or appreciably near
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the earth ' s surface, say within several
wavelengths.

The reason can get fuzzy, but thin k of the earth as
a sponge that draws power from a pa ss ing wave,
or as a friction surface for a rolling bali compared
to one in free flight.

Radio waves decay at a different rate from that of
free space when they are in the near-fi eld of the
earth. It still amounts to a spread ing loss, bu t
different variables and rates of decay apply .

Th is decay model is called Pl ane-Earth Lo ss, a
solution for which is as follows:

where :

CXdb = attenuation , decibels

P, = power transmitted, watts

P, = po wer recei ved, watt s

d distance between antennas, miles

Rh = height of receiver antenna above
ground, ft

Th = height of tran smitter antenna above
ground, ft

A spreadsheet solution for Plane-Earth Loss can
be constructed as follows:

Enter the height of the receiver antenna (in feet)
into Cell E l 7 .

Enter the transm itter antenna he ight (in feet ) into
cell E20.

Refer to Distance (miles) between antennas from
the Great Circ1e ca lcul at ion in Cel! E47 .

Th en enter this formuIa into E31 :

- -1 *10*LOG (3.45E-15 *((E 17*E20)/( E47" 2)) " 2)

Th e applicable Plane- Earth Loss appears, then , in
Ce ll E3 1.

The Plane-Earth Loss model stands alone, as
shown, only when the transm itter and receiver
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ante nnes are wi thin op tica] line of sight but bel ow
the zo ne of the free SP :1Cè path.

If the two antennas are so lar ap art as to be be low
the hori zon w ith respect ra each othe r, or if there
are appreciable mass obstacles between thern, then
o ne or bath of the following mod el s for
Di ff raction Loss and Shadow Loss mu st be
calculated and the results added la the Plane-Earth
Loss to determine the total path loss.

DfFFRACTIONL055 -

Unlo n unately, di ffr ac tio n los s IS variabie and
depends on a number of factors, inc luding terrain
characterisrics, weather, and atmospheric density.

St udies ha ve determ ined tw o cases for diffraction
loss that will cover most situations, One is called
the ~/ J ·Earth Radius Diffraction model while the
other is kn own as the True Earth Radius
D iffraction model.

It is beyond the scope of this book to dig deeply
into these variables, but the models below are
reasonably conservative and will cover bath good
and worst cases.

SHADOW L055

Enter thi s formula into E34 :

=diffraction attenuation, decibels ,
based on a 4/3 earth radius

=distance between antennas, miles

=a " lurnped" constant

=exponent of D , another
"lumped'' constant

D

0.08660047

1.438001208

A spreadsheet solution for Diffract ion Loss can be
constructed as follows: Refer Di stance (miles)
between antennas from the Great Circle calculation
in E47 , and enter thi s formula into E33 :

=E47" (1.438001208)*0.064950355

The more conservative (worst-case) diffraction
model, based on a True Earth radius, is 33%
greater, or as follows :

TE
CXdb

= 0.086600473(D I.43800 1208)

=0.0866004 7* (E47" 1.438001lQl)

This is a special-case additional loss for radio
waves that pass across or near the surface of the
eart h where the earth' s curve is a partial or
complete obstacle between the Tx and Rx
antennas.

This loss is additive to the Plane-Earth Loss, ra
derive the total path loss for the wave. Diffraction
loss is best explained using a visual analogy.

Imagine a bathtub of water in the middle of which
is a brick placed sa that it protrudes above the
surface. Now create a smaJl ripple at one end and
watch what happens as the wave approaches the
brick. A portion wiJl strike the brick head-on.
while portions of the wave wiJl go around a side .

Immediately behind the brick may be a quiet zone,
but you wiJl see where the ripples bend around
and rejoin at some point close behind the brick.

Those portions of the ripples that bend lose
strength more so than those which simply pass by
the brick. This loss as it applies to radio waves is
caJled diffraction loss and is a permanent loss that
is additive to the plane earth loss. Diffraction loss
is almost always a smaller loss than the plane earth
loss, but it increases markedly with distance, and
dr am atically after passing the radi o horizon.

Diffraction los s is almast always calculated and
applied to the plane eanh loss, even ov e r short
path distances where it may be less than 1dB and
seemingly not s ignificant.

After a few miles, it is always significant , even
within line of sight, and mu st be add ed to the
plane carth IOS5 to gain a reaso nably accurate
est irnate of the total path loss .

Diffraction loss is best undcrsrood (lS rhar portion
of loss due exclusivelv ~ o the eiJ;1h ~ ~~: ;: ~ r \T:. Thcs..~
" bent" waves contin ue rei diffrac: ari'J ID~t" \ treni:th
i:l~ they trave l. at i.he ·~ ,lrqç iime ;he'_' arc aL...(i
subjec t 1o rh (~ i nf iueuces o f PiJ :1é - !.~,;u· ~ h L_c<.:-<

This is anorhcr additive loss , vaguely similar to
diffract.on loss. He re ' s how it operates.

O rdinari lv. one wouid not cc nsider trvinz (0

~",O l n rn ;_ ·~ rü~ 'J t e frorn {Joint /\ to PnlrYi E~- if J
mc.intain were between ihe [W C Surprise .
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but nothing perfectly blocks a radio signal ; not
even mountains.

Obstacles just attenuate signal s much more so than
the plane earth and diffraction influences. Obstacle
or shadow attenuation can be rather severe, so
much so that even modern technology can' t
overcome its effects, but the point is that we can
quantify and evaluate that loss and know
something in advance about it.

A moderate shadow loss can often be overcome
with simple design techniques or informed
deci sion s. Sometimes, a few decibels of shadow
loss are not important at all ; othertimes, extremely
critica!.

The bottom line is that the compleat scannist
should know something about shadow loss, and
how to estimate it. It' s not a major factor, but
when you 're trying to squeeze every last dB from
a communication channel, it' s potentially
important.

The formula is hairy enough that I' II not try to
explain it, but can be easily applied in two steps ,
as follows:

Cl ) ((db 1 = <I> =
10 Log., F + 20 Log JO 0 - 10 Log., H - 55 .8

where: F = frequency, MHz

H = effective height of obstacle, ft

D = distance from obstacle to
transmitter or receiver,
shortest, mile s

<1> =result obtained in Step (1)

e =approx 2.71828182845904 (the
base of the naturallogarithm)

(0.08534)( <1» =the exponent of e in Step (2) .

If (Xdb equ als or exceeds 13dB, you can stop right
there ; the result is an accurate estimate of the
shadow loss posed by that obstacl e.

If less than 13dB, then proceed to Step (2):

4 3
-4 -9 ((0.08534)($ ))

(2) (Xdb2 = . .).) e

The spreadshee t solution for Shadow Loss is
con structed as follows :
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Enter into E24, the Height of the obstacle above
line of sight in feet. Enter into E25, the Distance
in miles between the obstacle and either the
transmitter or the receiver, whichever is the
shortest ; and enter Frequency in MHz into E16.

Then enter this formula into E29:

=IF«E24*E25*E16»0,10*LOG(E16)
+20*LOG(E24)-10*LOG(E25)-55.8,0 )

Cell E29 displays an inter im result and no
attention to it is necessary. Finally, enter this
formula into E30:

=IF«E24*E25*E16)=0,0,IF(E29>=13,
E29,EXP«((10*LOG(E16)+20*LOG(E24)
-10*LOG(E25» - 55.8)*(0.08534))*
4.35459»

This shadow loss is added to Plane-Earth Loss
and Diffraction Loss to obtain the total Path Loss .

Radio waves behave according to physicallaws
just like gravity, mass , momentum, pneumatics,
hydraulics, combustion, etc.

The performance of radio waves is predictabie to a
high degree of confidence with the primary
uncertainties falling into categories generally
beyond mankind 's reach of control and full
comprehension.

Weather is one such variable, which influences the
diffraction loss by a factor of as much as 33%.
This varianee could amount to 10dB or more,
which can spell the difference between good
communications and none at all!

The formulas for diffraction loss that I gave you
should cover most contingencies for scanner
need s anyw ay.

In a word, most scanner communications analyses
will consist of either free-space studies , or a
combination of two or more of Plane-Earth,
Diffraction , and Shadow Loss analyses.

If you will stick with me for a few more page s,
1'11 have you blueprinting your own reception
radius. You can do it with little more knowiedge
than how to use a calculator or a spreadsheet. The
hardest part will be constructing the working
spreadsheet the very first time. After that , it' s
eas y.
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The fun pa rt is entering the va riables . and then
munchinz an anchovv pizza with habafiero
(Scotch Bonnet - the hottest there is! !) pepper s
while you ponder the resu lts . This dynamo of a
sprea ds heet will do all the dirty work.

Here ' s a brief overview of the process of
analyzing VHF-UHF radi o propag ation between
two points by adding a few more cells to the Great
Circle Spreadsheet. Refer back to the spreadsheet
and Technical Structure as we discuss the few
action items.

If you want to be slick and professional, enter
your site name, transmitter site name, your name,
and the date and time in 011 through D14. Enter
the frequency, in MHz, into E16.

We need to know the di stance of the path and
reciprocal bearings between a transmitter and your
receiver site. Enter the latitude and longitude for
bath sites in C2 through ES on the worksheet.

The previous Great Circle sp reads heet has already
heen done!

Once we kno w distance tcalculated instantly in
E47) , we need to kn ow if there is an l' chance of
"line of sight" and an y possibility of free-space
cons iderations, sa lee s let the worksheet calculate
distances to the horizon for each site, and combine
tho se distances to produce a maximum possible
line of sight.

Requisite data for this and other calculations later
include the heights of the transmitter and receiving
antennas, sa enter the two antenna heights into
El7 and E20. These heights are not actual
heights ahove ground as you might first think.
Rather, they're heights above average terrain. This
could go either wal'.

For instance, suppose your antenna is on a 35 ft
mast above ground, but your local ground is in a
20 ft deep gully .

Figure 9-4: Line of sight estimates

....~.: . : :[ ::·::: : · :· : I: ·: : l : : : : l ..
LEGEND
- - - - - -Uncooected Optical Line True Earth (ft) = (2)(01)(02)

. . Clearance 3
..._ ._.._.._..- Corected lor True Ea1h Radius ···;···..j · ·· .. i ; ; j , ; ; , , .. .. Where: Dl =distance (mi) from A10
'-~~~:-:-:~-:-;--:( L :.:. .~ : : ..: : :. any point between Aand B.

02 = distance (mi) from that
point lo B.

. Examples: 01=51 mi& 02=51 mi
... , j • Dl =10 mi& 02=92 mi

.' . '-. ' 1 ',; >-. ~< " ~ ," UT' ~101~2~2~~5~(7~~=~(~~10)(92)
, . J , 1,283'lt ~>-' Z ',, ' 3 - 3 3....... .'"......, f" = 1734ft = 1283ft = 613ft 1" , ,,' :...-- I

. _ ._; ___ " '::' .. .. , • • ~•• • • , , ...~ J

: ! L L.:~ ,.. .... ....,j 'FF; 1.?34,ff~2:fff6iwrn~nrr l
10 20 30 40 50 60 70 80 90 100 110 120 ~3D 140 ----;sa 160 1 0

Distance, mi I< lJ:QEill ---;.j

! Condusion: No land moss protrudes obove the correrted True Earth Radius line, therefore line of sight exists,L.=.::.__ ___ ~ _._ _._._.

Th e most accu rate model w ill call for yo u to enter
J5 ft as the height of yo ur antenria. On the other
hand, rhe NOAA wenther station atop Mt . Wilsou
near Lo s Angcles Sits at 5.7 10 ft Ar-..1SL (above
rnean se," level'! \ 1) loc ution is on a -+:0 ft
(/\_\1S L~ , IJ"lCS::l '\~i jr h no nearfield obstructions of
any soit .

Therefore , I reasoned there m ight be a good
chance of line of sight. Not sure of NOAA "s
antenna hei zht above zround. r entered 57 i 0' in
E20 and -+ icr + 30' m~;~t == 500 ft tor mv antenn e
hciuht into Eli . The calculations for Jine of sizht

~ . ~

in cells E44..E46 suxacs: a max imurn LOS of
about 138 miles in E"4<i,The calculated parh
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distance of 102 miles in E47 seems la bear out
the probability of line of sight. Great!

This is a good point to do a little terrain analysis .
It can be as simple as stepping outside and taking
a look around, or as involved as scribing the radio
path over a se ries of pasted-up USGS topo maps
and platting a contour graph of all elevations
between the two points .

There is a simple approach to evaluating this "line
of sight" th ing a little better. You can do it on a flat
graph sheet, toa! Same engineers prefcr a spec ial
curved map , but anything with grid marks will
do ... plain old graph paper.

ENTRIES .

This figure isn 't real-life accurate because I didn 't
want to take the time to analyze a 102 mile path
that is line of sight anyway.

The idea is to plot an elevation profile on a flat
grid as you see in Figure 9-4 and then correct the
flatness to the earth ' s curve by means of the
Clearance formula.

Draw a straight line between Points A and B on a
topo map or other map that offers elevation data.
Set ascale to your grid as I did above, and plot the

.. elevations of A and B .

Then follow the straight line you drew on the
map(s) and plot the higher elevations between A
and B.

Draw a straight line on the graph between A and
B. This is the flat-earth optical sight line. If any
land mass protrudes into that line, you
unconditionally do not have line of sight. If a
landmass or object comes near the optical line ,
then you st ill may not have line of sight.

That' s where the True Earth Radius Clearance
correction comes into play. Any gi ven point on the
line between A and B mu st have the required TE
Clearance beneath it , in order to have line of sight.

The examples above show that greatest clearance
of 1,734 fee t is required at the 5l!51-mile mark
and 613 feet at the 10/92 mi Ie marks, and 1,283
feet at the 25/77 mile marks.

Drop a line straight down from the op tical line
scaled to the requ isite clearance, and if does not hit
or protrude into an obstac le or land rnass, then
you have line of sight and probably a free-space
path. Yo u will see with a little study that the least
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required clearance is at either end of the path, and
maximum is in the middle.

Enter in Cell s El8 and E21 , the GAIN figures in
dB for your antenna and for the transmitter
antenna.

If you use a discone or other wideband antenna,
the gain will be zero at best , and quite possibly as
low as -1 to -5dB. Start with OdB anyway. If yo u
use a higher performance antenna, refer to its
specs for the GAIN rating, in dB.

Most tran smitters of a professional or business
nature use antennas w ith anywhere from 3dB 10
9dB of gain, with about 6dB typical. Start with
6dB if you 're not sure.

Enter into Cells El9 and E22 an estimate of
miscellaneous losses at each site . For yam station,
use the ioss factor of ya m coax cable plus one
additional dB .

The casual hobbyist will have anywhere from 3dB
to 10dB of loss between the antenna and scanner.

Figure yams out, or enter 5dB as a rough
estimate. Professional and commercial sites
minimize their losses because of the monetary cast
of waste. Allow 1-2 dB of loss at the Tx site.

It ' s helpful to know the transmitter' s power
authorization . NOAA Weather stations typically
use 100 watt s as do repeaters in Public Safety.
Business transmitters range from 5 watt s to 25
watts.

When in doubt, enter (into E23) 1 w att for
handhelds, 3 watts for cellular mobiles and bases,
5 watts for other mobiles, and 25 watts for all
other bases. Errors are likely to be on the
conservative side, and therefore more acceptable
from aresults viewpoint even if they're not perfect
from an engineering and technical perspective.

Now you need to anal yze any obstacles that may
be in the path between ya m recei ver antenna and
the remote transmitter. If there is an ob stacle, enter
its height in feet above the line of sight into E24
and the sho rtest distance to that obstacle, whether
relative to A or B, into E2S .

Height of the ob stac le is not necessar ily its height
above zround; rather. the heiaht into which it
pe netrate s above the co rrec ted optical line shown
in Figu re 9-4. A 1,000 ft obs tacle that penetrate s
only 100 ft into the optica] zon e is a 100 ft
obstac lc : net 1,000 ft, you see .

That' s it!

...
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About the time you enter that last number into
E2S, the entire Bearing, Disrance. and Radi o
Propagation anal ysis will be waiting for you at the
bottom of the page!

Now let ' s set up the worksheet so you ean get
down to brass taeks . Believe me , it will be worth
your time and trouble to give this thing a shot,
even if you don 't have the foggiest idea of what
I'm talking about so far.

This thing is awesome and wil! remove much of
the mystery and black magie of radio for you in
due time. And... without it , the Ultimate Scanner
might rust, or begin leaking, or smell even worse.

FURTHERSPREADSHEET
E~fJ~CtljTjêfNc i/ ;: c ...
Most spreadsheets work virtually instantly .

When you enter a new value in a cel! that is
referred to by any of the resident formulas, a
ca1culation takes place instantly to change al! the
outputs that depend on the cel! that was changed.
One changed entry = multiple results.

That JS just right for WHAT IF situations where
you need rapid feedback.

I remember my VHF-UHF days in the late 70 ' s as
a junior engineer, when I performed all these
calculations by hand using a 4-function calculator
and huge tables of trigonometrie and logarithmic
functions.

As a matter of fact, I even used a slide rule to
better advantage than those old calculators. A
single iteration of a radio link design was arduous
enough, but then to conduct a WHAT-IF analysis
sometimes took hours!

In July, 1979, Hewlett-Packard introduced their
HP-41C Programmable Calculator - which
forever changed my life.

It wasn ' t long before I ran these same calculations
on an automated basi s, reducing to minutes the
time needed forWHAT-IF analysis. Now my
spreadsheet will do it in seconds, even on the
slowest computers.

The output/results of my Bearing-Di stance &
VHF-UHF Propagation Spreadsheet might wel!
confuse many of you. Forget the confusion . An y
part of it that you do understand will be better than
nothing at all and/or the old ways.

Cheek3
: The Ultimate Scanner

Stick with it, and in due time you will become less
eonfused. A little langer and you' ll he expl aining
it to e the rs.

Meanwhile, there is another thing you should
understand: RECEIVED SIGNAL LEVEL (RSL)
as expressed in microvolts (11V). 111V is one 
milli onth of a volt of signal, which is pretty much
the stated specification of most VHF-UHF
scanners.

In practice, scanners can detect signals as weak as
0.111V, albeit with a lot of noise. Full quieting
occurs in most scanners somewhere between
O.SIlV and 21lV.

So use my spreadsheet for all it 's worth to help
you understand why certain signals are hard or
impossible to receive and what lengths you must
go to in order to pull them in.

This spreadsheet produces interesting and useful
output data starting at E27 where the transmitter
power you entered as watts in E23 gets con verted
to decibels relative to I watt (dBW) in E27.

lust for play and practice, enter a variety of
numbers, one at a time, into E23 and watch the
changes in E27. Thi s alone ean enhance your
understanding of dec ibels (dB ), logarithms, and
basic ratios!

E2S is the sum of all path GAINs at both the
recei ver site as wel! as at the transmitter site. This
isn ' t especially a very useful bit of data , but its
there for a quick glance.

E29 should be completely disregarded; it has no
meaning to you at all but is used as an interim step
in calculating the Shadow Loss in E30.

If you enter a 0 in either or both of E24-E25,
then E30 will return zero as the shadow loss.

Plane-Earth Loss is calculated and displayed in
E31.

E32 calculates and displays free-space loss which
mayor may not apply, but is useful in evaluating
the best-case-possible performance from a given
radio link.

E33 calculates a diffraction loss based on a 33%
greater RF line of sight than optiealline of sight
(4({Earth radius).

We ather and terrain conditions can and do vary
diffraction loss, so this "typica l" case is available
for view and later considerations .
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If you do not want to construct your own _
spreadshee ts for wh atever reason , these and
others are available for dow nload from my BBS,
at (619 ) 578-9247 aftel' 5:30pm and before
1:30pm, Pacific Time.

The file is SPRED.ZIP.

BACK TO THEBB.S

TRUENORTH

The matter of "True North" may need some
clarifi cation , with respect to "Magnetic North."
You see, the magn etic poles and the real poles of
the Earth are not the same. Compasses , of course,
rely on the magnetic poles for reference, but.
navigation and especially distances and be~nngs

are unilaterally computed and presented with
respe ct to the true poles, or Tru e No rth.

If you have never seen or iden tified the Pole Star.
North Star. or Polaris - whatever you want ra ca ll
it - ir' s abóut time you did 50 . Look at Figure 9-5.

, scenarios, you will get a feel for what should be
the case at your site .

E44-E46 calculate maximum possible lines of
sight to help you determine the type of radio path
you're ev aluating. E44 calculates the distance to
the theoretical horizon for Site A.

E45 ca lculates the same for Site B, and E45
sums the two, for a maximum possible line of
sight distance.

To zet a feel for real ity, look at E47, the actualo .
path distance. If E47 is less than E46, there IS a
possibil ity for !ine of sight and maybe a free space
path. If E47 is equal to or greater than E46, there
is almost na chance at all for a free- space path .

Cells E44-E46 and E47 can go a long way toward
helping you determine the kind of path that exists
between your site and the target signal source .

Aftel' that, call into play topo map s and your
knowledge of the regional terrain to make a finai
assess men t.

Cell s E49, E50, C52-E52, and C53-E53,
present the reciprocal directions of Sites ~ and B,
with respect to True North. E49-50 are In

decimal degrees while C52·E52 and C53-E53
are in DO MM SS form at.

E34 calculates a diffraction loss based on actual
earth 's curve. Any given VHF-UHF radio link
can be influenced by varying levels of diffraction
from one day to the next.

I'm sure you've heard the same station with
strong signal s at times and rather weak at other
times. Vari abIe diffraction caused by atmospheric
changes is the probable cause.

So, we calcul ate BOTH extremes of diffraction to
see the range of signals were most likely to
encounter.

Cells E35-E37 totalize the above losses into three
separate categories, with E35 a sum of free space
loss plus local system losses.

Unless you have obvious line of sight with a
distant transmitter , that figure will prove to be an
elusi ve "best case" with a low probability of ever
coming close.

It will be valid for real free-space paths, like for
ground-to-aircraft , etc . Ir you kno w a given path
is !ine of sight, then you can rely heavily on this
number.

E36 is a sum of Plane-Earth Loss, local system
losses, shadow losses, if any, and the 4/3 Earth
radius diffraction loss.

Thi s total system loss number in E36 is a lot more
than the free space loss, but less than the loss that
can occur in a worst-case scenario, so this one
might be viewed as "typical" or "norma l."

E37 is a total system loss based on a sum of
Plane-Earth Loss , local sys tem losses, shadow
losses, if any, and the True Earth radiu s
diffraction loss (opticalline of sight ), This total
loss can be severe, and should be considered a
worst-case scenan o.

Cell s E38-E40 pre sent anticipated recei ved
power levels in dB below I watt (dB~) . You 're
not reall y interested in these numbers n ght n.ow ,
but they are important to ce lls E41-E43 :vhlch
produce the meat '11 raters output f<,)f the tune
being , with RSL's calcul ated In microvolts (u.V).

E41 calculates expected RSL based on a free
space path which may or may~ot be,~~~ ~ctual
case. The spreadsheet cannot . know J! tree space
conditions actually exist. so it just calcul ates a
"best case" and lets you interpret it as you see fit.

Cel! E42 calculates an RSL based on a "more
likelv " case and E43 calculates RSL in a "wo rst
case'" scenario. Among these three possible

t"f
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Polans can be see n on a rc lau ve lv clear mum 111 a
T rue No rtn directi on frorn most anywherei n tne
nor thern hemispherc . lt s ang le abo ve the hori zon
is equa l to the latitude of thc observatio n po int.

Figure 9-5: Polaris, th e Pole Star

~":?~/ Polaris
~/I\~'

. I .

Angles are with respect
to loealhorizon.

North Pole , _~° Q '90 90 \ / 650

°latitude 65-"----+----~
-..........

45°,.-_---"__-+ """'

Equator 0 -Pli!!l. !!!i. ".

Earth's cxrs

From my location, it'x 34° up from the horizon. If
your latitude is 45°, then Polari s will be true north

o f yo u, cxactlynalfway up (-iSO) between j our
horizon and straight ove rhead. See Figu rc 9-5.

Pol ari s , the North Star (aka Iot s of thi ngs), has
provided a True North reference since the dawn of
hi stor y . You may as weil use it. too.

All other stars in the sky "move" through the
course of the night as our pl anet rotates. Not
Polari s ; it' s immovable , day and night! Why is it
"stationary?" lmagin e an axle running through the
ea rth . As it rotates about that axle, an object that
lies on that axle remain s statio nary . It ' s a fine
re fe rence...

Whatever worked for the anc ient Phoenicians is
goo d enough for me.

THE END...

11' yo u stuck with me to the end, yo u' re hardcore !

I hope yo u' lI agree its been fun. lt certai nly has
been to me. It ' s a!so incomple te. I admit it. By the
time yo u read thi s the re w ill be scanne rs out there
that areri' t co vered in th is book. and there are
certainly mod s that aren' t covered .

But theres a so lution. I 'rn like the spider at the
ce nte r of the web. Th e infonnatio n comes in and
goes out at an amazi ng pace , and I see all of it!

Cy be rspace provid es mY primary da ta input
channe ls (BBS and the Internet) . Use thern , and
yo u ' ll keep me up to date . The WorM Scann er
Report is my primary output channe!. Subscribe to
that and J'11 keep vou up to date.

And meanwhile, I hope you enj oyed yourself, and
that this book helps you increase the pleasure you
ge t fro m our hobby.



Great Boogley Woogley!

I've gotta stop writing. My publisher just broke in, menacingly waving a wicked
looking pistol with a barrel so big you could stick a mop handle in ir, shouting something
about 'TM GONNA SHOOT THE ENGINEER!" If I don't push the print key and back
slowly away from my keyboard, this might be my last book '

So I gotta go, but this is not the end by any stretch of the imagination. You have
learned by now that The Ultimate Scanner isn't the "final word" in om hobby. Rather.
its the first word of a new generation, in which a scanner isn't ultimate unless a
computer is part of it. So, there's more coming. Lots more. This book was like that joke
about a thousand attorneys at the bottom of the Pacific. Remember? H's "just a good
start." You guys 'n gals have to let my publisher know if you want more so he' Il begin
nagging me for it.

Meanwhile, let me leave you with a thought. .. and a chance:

First, the thought. Most of the scanner mod crowd is interested in the PRO
2004/5/6, 2035 and the PR0-43, and for good reason, so they get the majority of my
attention. This might disappoint those looking for specific help for their SnakeBiteXR
871- YMU hardware. Well, I can do something about that if you ten me what you want,
and if there ' s a sufficient volume of requests for that particular material. It' s up to you. I
apologize if you and your turnip feel slighted; please re-read Chapter 2.

So here' s your chance: ask me to write a concise, economical Hack Report for
your favorite scanner. List anything that would be useful to you and that you know isn' t
impossible, but don't get carried away because blood (and performance) won't come
from Turnips. I will keep a database of those requests and work up documents for the
more popular rigs. These will be sirnple, no-frills, modestly-priced reports with nothing
but hard-core hacks for specific scanners.

Vote as many as you want, but do it as soon as you read this. Oh yes, lalmost
forgot The Test. This book has a certain number of deliberate errors in it, just for you
perfectionists. When you find any, please let me know so we can properly grade your
performance. Of course, I don't want to make it too easy for you as time goes by, so any
mistake that gets found quickly will be corrected in the first revision. Let me hear from
you via Internet (two ways), FidoNet, Compuservc, BBS, or (gasp!) U. S. Postal Service
- check Chapter I. Don't say theres no way to rcach me!

EalCM
S~D~IC~

Af4., 11q<;

......
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Jl-

p

l.25 -meter

2-meter

6-meter

7.5- cm

A C

a c t i v e
antenna

AM

amateur rad io

amplifier

amplitude

analo g

angels

approach

approach
control

N ano

Micro

Pico

Ham ba nd fro m 222-225 M Hz.

Ham band fro m 144- 14!l M Hz.

Ham band from 50-54 M Hz.

Ham ba nd from 420-450 M ll z.

Alternati ng cur ren t; flow s in one
direction fo r a period o f time, and then
rev erses and flows in the oppositc
direc tion . us ua lly for the sa me period of
time. Re vcr sal is rarely inst antaneous.
Time is requ ired for a point on a wave to
increase or decrease in st re ngt h or
intens ity . W hen the period of inc rease
and decrease is repeti tio us, the wav e is
sai d to ha ve a fre quency equal to the
reci procal of the periad of ene
re pe titio n. 11' the per iod of a wa ve is
0.0 167 sec (l6 .7 msec ), its freq uency
wi ll be 60 Hz, or 60 cycles per secend .

Co mbi ned antenna and preamplifier. If
the preamp li fier is good enough (GaAs
FET, Ior instance) it may improve
pe rfo rma nce.

Amp li tude Modulation. Als o, refers to
the entertainment broadcast band from
55 0- Ió50 k Hz.

The hobby . de fined by the Fe e. Don',
le t the name deceiv c: th is hobby is
co rnprised of unpaid professio nals, and
has amassed a pool of knowledge
available nowhere else .

Active circuit e lement that increase s
power, vo ltage, or bath of an electrical
signal.

Vo ltage or power of an electric al
signal. Each has it ow n uni ts o f
meas urement.

Data storage and transmission
techniques where any value whate ver
ca n he de fine d . Gen eral ly. this is the
real world , sa hu man percept ion and
processing is in ana log form .

Military te rm for altitude in tens of
thousands o f feet, as in "Angels 40, "
which mean s 40,000'.

Path of an aircra ft from fina l naviga tio n
point to to uchdown.

Traffi c man agement faci li ty that
controls ai rcraft approach ing an airport
for landing.

ARTCC

ASIe

ATC

attenu ati on

aviation b and

bank

bearing

bingo

birdie

B N C

bo gie

b roadca st
band

Bull e ti n
Board

System
(BBS)

Bulling t on

butch e r
brigade

capacitance

capacitor

Air Route Traffic Control Center

Appli ca tion -Specific-Integrated
Circu it, which embodi es pro prie tary
circuitry in one device. Availab le only
to the "owner," and not usuall y
available o ve r the counter.

Air Traffic Control. Primary en rou te air
traffic ma nagement agency, with area
centers linked by radio, landline , and
computer.

Redu ction of strength or intens ity;
weaken

118-1 37 MHz (militar y is 225-400
MH z)

Array of frequencies in a scanner,
usu all y assoc iated with one of the
numbe r keys .

Com pass direction between two poi nts ,
used for angulated location-finding of
radio sig na l emitte rs.

In mili tary aviation, return to base .
Alternatively, to shift to a backup
frequency, as in "go to cha nnel white ,
bingo red ."

Signal generated within or by the
tun ing rncchanism tha t deceives the
rad io into sto pping the sca n.

Common antenn a co nnec to r, twist la
loe k .

Un idemificd airc raft spotte d by one of
the good guys, or by ground radar
"You have a bogie at two o'clock, ten
rni le s . "

55 0 - 1650 kH z, am plit ude modulation.

Co rnp uter -phone-esoft wa re, permits
modern- cquipped ca lle rs to leave and
receive messages. laad and donate
so ftware, e tc .

Kennet h E., fat her (or at least uncle) of
V HF/ UH F propagation modeling

A class o f wan nabe hacker s wh o do
more harm than good, and then se nd me
the result wi th a $5 bill , to " fi x"

Storage capacity of a ca paci tor for an
electron charge ; in Farads (F) more
common ly expressed as microFarads
(JlF) or picofarads (p F)

Re act ive ci rcuit compon ent that stores
en ergy , or pa sses an alternating sig nal
while block ing a non-alternaring one .

- - - - - - - ttf
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cellular

celluiar band

center

clearance

coaxial cable

("coax")

Co mrnu n i
cations Act

of 1934

compressive
receiver

couch potato

counter

crystai

CT·2

current

CW

data logger

D C

Mobile telephony, where the portable
radio communicates with radios each
commanding a "cell," with cells
connected with the plain old teleph one
system "POTS ."

869-894 MHz .

SeeARTCC

The instructions given to a pilot as la

route and altitude profile from departure
to destination .

Cable consisting of outer insulating
sheath , flexible wire or foil layer ,
another insulating layer, and a central
wire conductor. Uscd for low-Ios s radio
frequency connections. typically with
BNC connectors.

Legislation designed to give the FCC
control over the airwaves, and to limit
certain types of activity by requir ing
licensing and protoc ol compliance.
Arnended in 1989 to raise fotfe iture
Iimits that the FCC can impo se.

A sa rt of scanner. whereby a large
segment of the spectrum is received and
examined for signais.

On e who need s a little goading to
launch an enterprise. Hacker-precursor.

Electrical taal tha t can receive a signal
and display its frequen cy.

Common frequency selection or tuning
mechanism for single frequency or few
frequency radios.

Secend generation cordl ess phones.
usually with bitstream or spread
spectrum digital encoding of voice.

Quantit y or volume of elec tron flow:
expressed in amperes or amps (A ).

I ampere is equal to a flow of I coulomb
of charge through In in 1 sec

Continuou s Wave. or Carrier Wave.
wilhout modul ation .

Extended -operatien tape recorder, set up
to turn on when signals are det ected by
[he scanning recei ver. After recording
that cornmunication. the unit rurns aft"
and aw aits the next one.

Direct cur rent: fl ows in o ne direct io n
only. When the strengih of a DC
current varics wi th time , say from 0
volts to 5 volts and back ra 0 volts, at
some periodici ty or inter val, this is
said to be an alternating De. the
characterist ics of which are very much
like those of AC. espccially with
respect 10 mathemat ical analysis .
Th creto re. an alternating wavefe rm can
still be direct CUITent; if it HO\\'5 in one
direction onl y. it is not AC.

decibel

d e l a y

demodulator

departure
control

diffraction

d igi tal

diode

DIP

dipole

d i r e c t
frequency

tuning

directi onal

d ispatch

Doppier

Down
converter

DPDT

DPST

Cheek
3

: The Uitimate Scanner

"dB" Unit of power ratio, expressed
logarithmically. Ten times the
logarithm of a ratio of two power levels
=10 Log" , (P"u/Pi , )

Scanner function, usually selectable ,
whereby the unit remains on frequency
for perhaps two seconds following
recepti on of a signal , thus permitting
reception of the response to it.

Receiver circuitry that extracts
information from a radio signal.

Traffic management facilit y that
controls aircraft after takeoff but still in
the local control area.

Apparent bending of electromagnetic
waves in the passage across any
irregularity or feature, resulting from
reduction in coherencc of the wave as it
bcnds to "fellow" the shape. The earth
itself diffracts radio waves.

Data coding, storage, and tran smission
technique whereby information is
reduced to expressions constructed
using oni y two symb ols (for
convenience, "I" and "0." though could
just as easily be "on" and "off," or
"green" and "Pontiac." A digit al signa]
can only express a value in discrete
increments, while an analog signal can
express any value. A convenience, used
in computing.

Circuit element that permits elect ricity
to flow in only one direction.

Dual In-Iine Package: generall y
describes the common IC sock et, with
two rows of aligned pins.

The simp test direct ionai antenna, A TV
"rabbit ears" antenna is a dipolc .

Enables tuning a frequency by literally
entering the numbers that define it
rather than tuning a "dial ."

Antenna with greater sensitivity in
sorne direcu ons and less in otners ,

Refers ro channels and fun ct ions that
contro l veniele movement.

Phcnornenon whereby a frequ ency
appears to change as the trans mitter and
rece iver app roach or sepa rate.

Acc essory that recei ves (typically)
800-900 M l-lz cell ular and public
service signa!s and converts thern ro
freque ncies tu nable by a scanner that
otherwise would not be able to ope ratc
in that band.

Double pole . doubl e throw: two SPDT
switches in one unit

Double pole, single rhrow: two SPST
switches in one unit
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DTMF

duple x

DVM

DX
d ynami c

range

ECPA

ELF

Ether
"sether"

f e m t o-

FIDO

flare

flight le vel

FM

Free Spaee
Lo ss

frequency

frequency
steps

fundamental

Dual Tone Multi Frequency: the audio
heard when a phone key is touch ed.
Made up of two spec ific tones, with
each pair cortesponding to a num ber or
func tio n.

In two-way communicat ions , duplex
permits both sides to spcak
simultaneously, as over the com mon
tcleph one.

Digital Volt Meter. Perhaps the most
useful single tooI in electtoni cs .
Typi cal units measure AC/DC voltage,
current, resi stance , and a few measure
inductance and/or capacita nce as wel!.

In amateur radio, "extended distance."

Sig nal strength limits between which
the unit will operate satisfactorily
without malfuncti on. and refer s to range
betwee n wenkes t signa! detectable and
stre ngest sig nal that will not produce
overwhclming intermodulation and
d istort ion.

Electronic Communications Privacy
Act of 1986 , des igned to preve nt
eavesdropping upon cellular and
cordlcss phones, though the latter
coverage was reversed by the Supreme
Cou rt.

Extrernely Low Frequency band, frum 0
Hz to 6 kHz. usually used by the Navy
for submarine communi cation s.

That medium through which radio
sig nal s travel.

Almost none at all. Tcenv! Wou ld you
belie ve a qu adrillionth'

A netwerk of BBSs. sharing
informa tion and processing mail for
membe rs.

Raisin g the nose ju st befere touchdown
10 cushion the landing (Navy/Marine).
lt's called "round out" in the USAF.

Altitude in tens of thousands of feet
(civ ilia n) .

Frequency Modulation. Also, a term
used to refer to the high-fidelit y
broadcast band frorn 88- 108 MHz.

Weakening , or decay, of radio signaJs
due solely to distance, in cornpliance
with the square-cube law which says
that as distance doubles, percei ved
power is divided by four.

Specific point (per iodicity of
vibration, in a way) in the
electromagnetic spectrum.

Tun ing incrernents of a digi tal tuning
devic e such as a synthesizer. Also
ca lled "resolution."

A single -frequency signal, with neither
harm onies nor subh armonies.

gain

GHz

glop

gloppy

Great Ci r ci e

ground
control

ground plane

guard

guard band

Hacker

Hacker's Law

handheld

harmoni e

Hertz

HF
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Increase in effecti ve radia ted power (in a
transmitte r) or recept ivity (rece iver).
when com pared to ornnidirectiorrel
ant enna s or passive circuitry.

Gig ahertz ; bill ion hertz;
1,000 ,000 .000 Hz; 1,000 MHz;
1.000.000 kl l z: I GH z

A small go b, usually used in referen ce
to sil icone adhes ive/sea l; about 1.77cc

Of or having to do with a glop

shortes t arc distance between two
points on the surface of the earth

Ai rport faci lity thal contro ls and
coo rdinates taxiing aircraft and ve hicle
traffic.

Conductive or electrically retlective
surface under an antenna 10 serve as an
artificial earth gro und. Also, layer
within a printed circuit board that acts
to reduce energy radiated from one side
to the other side.

A term that denotes emergency aviation
frequen cies, always monitored by all
aircra ft and by all grou nd control
agencies. VHF - 121.5 MHz, UHF 
243.0 MHz.

"Margin" next to a selected frequency.
Ext ra room to preve nt adjace nt channel
inte rference .

One who adapts, mod ifles. or alters an
objec t of any sort 10 meet new needs,
appl ica tions, and/ or speci fications no t
antici pated or intended by the origina l
manufacturer. The " war dialer "
cvbergeng lent this term a nast)'
con notation. No t only tha t, but the
leg ion of compute r hackers despe rately
tries 10 claim the word fo r themselves.
Computer hackers are johnny- come
Ia telv's. Hardware hackin g has been a
major pursuit [or a lot lange r than
computers and war diaiers have been
around. Hacking is an honorable
enterprise. An ything ever made by a
manufa cturer can be made bet ter by a
Hacker. In per son, a Hacker can be
identificd by good looks, high IQ, and
incredible ag ility.

"Murphy was all opt imist."

SmalI , por table, batter y-operated
device , used to refer to radios .

A frequency exactly twice that of a
"fundamental " frequen cy, which appears
and disappears as the fundamental is
swi tched on and off , thereb y proving a
rel ati on shi p.

Unit of frequency: one cycle or
repetition per second ; I Hz

High frequency band, most-used by
ham s.
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IC

IFR

image

impedance

inductance

inductor

in qu ir y

Inter
modulation

"intermod"

keylock

kHz

lambda (À)

latitude

LF

lockout

logic

ongitude

loop

LSB

Mayday!

Integrated circuit; a circuit "prinred" in
semiconductor material on a substrare,
usually of silicon. An IC can contain
hundreds of thousands of transistors and
other devices, conneered by
microscopie circuitry ("wiring")

Instrument Flight Rules, where a ground
facility maintains clearance between
the aircraft and ground, other aircraft,
etc. Under IFR, the pilot aften flies
"blind. "

When the received signal is
downconverted to an intermediate
frequency, an "image" is generated at
twice that number.

Identica! to resistance, ex cept inclusive
of resistive, inductive and capacitive
opposition, restrietion or hindrance to
electron flow; expressed in Ohms (0).
10 IS the impcdanee through which I
amp wil! flow at a force of I volt

Storage capacity of an inductor for a
magnetic field; expressed in Henries (H)
commonly expressed in mil!iHenrys
(mH) or microhenries (~H)

Reacti ve circuit component that passes
a non-alternating signal while
blocking an alternating one.

Refers to channels used for questions.

The new frequency produets (sum and
difference) when two signals are mixed.
These are new frequencies, detected as
radio signals, and therefore generate
birdies and fool the scan mechanism
into stopping.

Switch or lever that prevents
inadvertent keyboard entries

Kilohertz; thousand hertz; 1000 Hz;
kHz

Greek symbol used to denote
wavelength.

Distance from the equator or pole,
expressed in degrees N or S

Low Frequency band, from 30-300 kHz.

Scanner feature that skips past
undesired frequencies or channels

Integrated circuits that comprise the
thinking mechanisms of a computer

Position east or west, in degrees, from a
great circle connecting the poles and
passing through Greenwich, England

Simple directional antenna

Lower Sideband. A derivative of SSB
where the carrier and upper sideband are
suppressed, and information is carried
only on the lower sideband

In aviation, EMERGENCY

MF

MHz

micro-

micro
processor

microwave

milli-

mobile

modulation

modulator

monitor

MTSO

Murphy's
Law

nano-

NOAA

n o n-v o l a t i l e

NSA

octave

o rn n i
directional

omnibus

oscilloscope

pan

PCB

PCN

Cheek": The Ultimate Scanner

Medium Frequency band, from 300 kHz
to 3 MHz. Includes the common "AM"
broaclcast band.

Megahertz; million hertz; 1,000,000
Hz. 1,000 kHz = ! MHz

Ve'rt:·;,j prefix for "millionth

Als« the eernouu-r's brain,
consist.nj; of au array of logic.

Anything abovc 2 GHz in frequency.

verbal prefix for the fracncnal
expression, "thousandth"; x I0-'

Intended for vehicle installation.

The means by which information is
impressed on a fundamental radio signal

Transmitter circuitry that imposes
inforrnation upon a radio signal

Scanner function that stores a frequency
of interest found by searching

Mobile Telephone Switching Office,
which ccnnects the cellular cell rad ios
with the telephone system

"11' anything can possibly break or go
wrong, it will do so"

Verbal prefix for the tractional
expression, "billionth", x 10-·

National Oceanographic and
Atmospheric Administration: weather
alert service,

Refers la memory. Non-volatile retains
information even when power is
removed.

National Security Agency, at Fort
George G. Meade, between Baltimore
and Washington De.

The range from any frequency to exactly
twice that frequency, both in audio and
in radio.

Refers to antennas with equal
sensitivity to signals from every
direction.

Originaily called the Omnibus Crime
Control and Safe Streets Ac t of 1968.
attempts to control eavesdropping by
establishing penalties.

Second most important RF test
instrument (afte r DVMIVOM), displays
waveforrns in the time domain. That is,
it shows relationships between time
and amplitude (voltage) of a signa!.

In aviation, deferred emergency (seldom
heard)

Printed circuit board

Personal Communication Network (also
Personal Communication System),
from 9ü2-928MHz, also in low
microwave (1.8GHz), and at 5.40Hz.
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PCS

phase noise

pi e 0

pinoline

pirate radio

POTS
power

preamplifier

prior it y

prop agalion

prot ot ype

pu b lic sa fe ty

quar tz
" qua r tz

loek "

r a n g e

r e pe a t er

re s rs t a n c e

Pers onal Co rnmunica tion Systerns (sec
PeN)

Speci ficatien that ident ifies the quality
of the signal used to tune the
rad io/scanner. hence the sc lec ti vity.

Vcrbal prefix for "trill ionth"

Plugs or soekcts - resem bles hal f an IC
soeket , all pins in a straight line,
generally onc-tenth of an inch, center
ta-center. top end is usually ferna le, and
bo tto rn is usua liy male. T he metal pins
are machi ned in lieu of stamped and
therefore. the males make a perfec t fit
with the fcm ales. Pin-Iines can be made
to serve as IC so eket s. transistor
soekets. quic k-diseonn ect plugs &
soeke ts. etc.

Unlieensed, unauthorized broadcasts,
usua lly poli tical or entertainme nt,
of ten from ships al sea, or from across
the border.

PlainOld Telephone Servi ce .

Energy; current Ilow throu gh a
resistance: expressed in Watts (W).
1 watt is the energ y consumed when I
volt far ces lamp through In
Also "booster," amplif ies radio signals
and noise. rogethe r .

Scanner function. Whe n a channel is
desi gn ated "prio ri ty," c very few
seconds the unit returns to check 1'01'

transmissio ns on that frequ ency.

Act of the transfer of electromagnetic
energy through space

A functional assernbly or circuit , hut
nOLin final forrn : subject to revi sion

Poli ce , fi rc , ambu lance. re sc ue, disas ter
rclief, and ether crncrgency services.

Refers to circuit that is tuned using a
Irequcncy synthesizer, based upon a
cr ys t.i l re fe rencc. rathe r tha n a rcacti ve
passivo circu it.

That disrance r.ver which a srgnal can
be reccived by a given set nf factors.
such as transmi tter amplifier, an tenna
gain at cach end , and recci ver
se ns u ivi ty .

A .r-mbincd receiver anti uansmit ter . on
' \" 0 trequencies. whereby a weak signa!
i" rcceived and re-transrruucd with more
powe r. thus increasinc Lt i :[: o' .

Constriction of flow, rcqu iring th î1 l il.e
elcctrical signal give up power to pass.

\ ,'l';-cap:lC it lve and non-inducuve
op pos ition. re stri e tion or hindrance tv
c'!cctron Ilo w: cxpressed in Oh ms (n l .
, il i:, l h ,~ res istance through which I
'Il np wi l l flow al a force of i volt. Also
~ee impedance.

re sistor

RMS
ro sin care

RTTY

rubber duck

scanner

scanni st

scrambler

search

s electivit y

Shadow Loss

simpl ex

SIP

s k i p

Sl\1 A

SPDT

s p ec t r u m
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In a circuit. a constriction through
whi ch electri cal energy passes while
giv ing up some of its energy.

Root-rnean-square

The right solder to use when work ing
on anything electronic. "Acid ca re"
sa lder is for plum bing. and should be
avoided at all ca sts.

Radio teletype, using the 5-bit
Intern ational Telegraph Aiphabet #2
([TA2). Usua lly harn cornm umcation
below 30 MHz, and al low data rates.

Rubber. flexible antenna with which
most handheld scanners are equip ped.

Radio capable of automatically
sear ch ing for transmissions either
throu gh the spectrum, or through a pre
defincd series of freque ncics.

Scanner e nt husi as t/ ho bbyi st .
Hopefull y will become widely used.
Secondary definition: a "scanni st" is
handsom e . brill iant , and knows almost
e verything .

Means by which a tran smission is
encoded spec ifical ly to avoid
eave sdropping or unauthorized
recept ion .

Scanner sweeping betwee n preset high
and low frequency limits.

Scanner speci fication that indicat es the
unit 's ability to dis criminute between
two signals close rogeth er.

Energy loss due 10 part ial obs tac les
along the line of sigh t

In two-way commun ications. simplex
is a single path requiring thar only one
"end" spca k at a time

Single ln-Iine Package: generally
desc ribes a pin- line se cket stn p

Radio energy propagauon that
"bo unces " off of an ionizcd
atrnospheric laye r, incrc asing rarige
heyond the cxpe cted line of sight

Mi cro wave co nnec tors th at ope ra te
over a bronder rrequency range than the
IcS' expensi vc HNC (connector )

Single poie. double throw: a 3 - [1111

switch, onc pi n corn rnon switchcd 10

cither of (W O positions: un -nn, off -off

The dcl imucd range of oIl.Yfhil1g. <; uch
as color, hardness. ere. In the context
of this book , reiers to a range of
possible periodicitics. or frequencies,
available to radio anti otncr
clectromagneric dc vices. T hc
"spec trum' as 'lil elcc trorn agneu c term.
covers auy pe riodi ri ty above De. to
lig ht and beyend.

t"1I
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s pect r um
a nalyze r

s p rea d
s pe c t r u m

SP ST

s p u r s

s q u e l c h

SS B

SST V

s ta te

SWAT

sy n t hes izer

" fr eque ncy
sy n t h esizer "

TA
(t a ngo alpha )

l a bl etup

'le l c p h o n e
Disdusure
& Dispure
Resolution
Act

lru n king
sys tern

Tur bo
Whopper

Instrument ti,;t r depiets so rne segment
1.1 1' [he sr-ectrurn and th t~ sli!nals dctcc ied
within it. Display is in rhe fre 'f ut'llcy
domein , ..nd shovvs the relauonship
betw een cnergy and Irequency.

\ lodu lation tcchniqu e whereby an
inrcg ratcd digital code is used :0
dist ingui sh the s ignal trom othc :
encrgy, aliowing it to he extrac ted even
fro rn noise .

Single pole. single throw: a 2-pin
switc h . on-off

Unco rnmanded disc rete signa"
genera red by the tuning mccha nisrn,
sornet imes hea rd as "birdies."

Scanner fun c tion that reducc s
sensif vitv ra all but signals of desircd
amplitude.

Single Sideband. .:.. modulation
stratcgy whereby the prirnary carrier is
suppress ed

Slow- scan TV. a hobbyist metbod of
transnutring video imag es using
relativcly low data rates and narrow
bandwi dth.

In aviation, reters to fucl level. as in
"What's your stat e?"

Special Weapons and T uetics.

Tuning device that can generare many
precisio n frcquen cies, each lockeel to a
quartz cry sta l reference .

In aviatio n. a traffic adv isory.

Term ed to desc ribe a scanner (or any
hobby radio ) intcnded for base station
operan on.

1992 federa l legislaiion . origin al lv
proposed to contro l abu se of 900
numbers, but with addenda that cause
the Fee to rest riet sak/imp ort of
cel lular-ca pable scanners .

Pub lic safety and indust ria l radio
netwerk where a bank of frequen cies is
avai lable 10 all stations . and traffi c is
controlled by a computer that
commllnicate s over a management
ch an nel

Extensively modified scanner, uSllally
with Ieatt>er seats and a Momo wheel

T u r n i p

T VRO

US B

F fC

VFR

VHF

V ic t o r

VLF

v o l a t i l e

vo lta ge

VSAT

w avel en gth

w h i p

ya g i

zu l u
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An extc ns ivc l, ' !!or -nh )d if iah lc scanner

Tele v ision Rece ive-On ly ("satelli tc
recei ver " i .

Upper Sidcb and. Onc de rivative of
SSB. whcre the carrier and the lower
sideband are suppressed , and
mtormauon is ca rried o nly on thc up pe r
s idc ba nd.

Universal Coord inatcd Time (World
Time) . once ca lled Greenwich Mean
Time . And it is U T C. not Ue T.

V isua l Fli ght Rules. uscd whc n wcather
permit s. Undcr VFR, the pilot
rnaintains his/her ow n clearance from
other aircraft . terrain . etc.

Very High Freque ncy band , usually
defi ned as 30- 174 MHz.

Term used to idcntify standa rd nutnbcred
airways. as in "cleared to X-ray on
Victor 33." Rather like an interst ate
highway syste rn at 36,000'.

Vcry Low Frcquency band . from 6 to 30
kl lz.

Refe rs to memo ry. Volatile memory
loses inforrnation whcn power is
rcrno ved .

press ure or force behind electron flow:
expressed in volts: I volt is the force
required to push ! amp through a
resistance of In

Very Smal! Apertur e Termi nal. refers to
either satcllite or terrestrial (point- te 
po int) tcle communication ter minals.

Disrance betwee n two corresno ndin u
point s in a signal's repctitive wavete rm

Sunple antenna , A straight piece ol
wire. usuall y of a calc ulated length .

Com plex di rectional ante nna, with
long, narrow, high-gain pattem . A
rooft op TV anten na is sornewhat like a
yagi.

Reiers to Greenwic h Mcan Time (at
Grecnw ich. England), also "UTC. ·'



Resources

PARTS '& 'SUPPLIES

ACTIVE
PO BOX9100
WESTBOROUGH, MA 01581
800-343-0874
ELECTRON iC COMPONENTSSUPPLIES

ALL ELECTRONICSCORP
PO BOX567
VAN NUYS. CA 91408
800-826-5432 21 3-380-8000 800-258-6666
ELECTRONICCOMPONENTS. EQUIPMENT

ALLIED ELECTRONICS
401 E. 8TH ST
FORT WORTH , TX 76102
ELEX COMPONENTS. EQUIPMENT & SUPPLIES

ALPHA WIRE CORPORATION
711 L1DGE RWOOD AVENUE
ELiZABETH, NJ 07207
201 -925-8000
COAX. WIRE & CABLE

AMIDONASSOCIATES
2216E. GLADWICK ST
DOMINQUEZ HlllS, CA 90220
213-763-5770 FAX 21 3-763-2250
POWDEREDIRON CORE S & CüILS FOR RF
APPLICATIONS

AMPHENOL PRODUCTS DIVISION
4300 COMMERCECT
L1SLE, IL 60532
312-986-2300
PREMIUM COAX & RF CONNECTORS

AR ROW ELECTRON ICS
767 - 5TH AVE NUE
NEW YDRK CI TY. NY 10153
312-397-3440
ELECTRONICCOMPONENTS, PARTS, SUPPLIES

AVERA BV.
4813 BD BREDA
L1 ESBOSSTR.2A" NETHERLANDS
076-130424
tURO DSTR OFSEMICONDUCTO RS

BCD ELECTRO
PO BOX83011 9
RICHARDSON, TX 75083
214-690-11 02
CONNECTO RS. IC'S.COMPUTERACCY'S

BELDEN WIRE & C48LE
PO BOX 1980
RICHMOND. iN 41375
800-235-3361 317-983 -5200

C!f.LLilTSPfCiAUSTS
PO BOX 3(47
SCCTT;'C',<\L;:. AZ e5257
SOC'-::L8·1~ ~ I
El t C, rnOi'41C PCi.CJJFGT :(lTS. PARTS

RESOURCES
CUSTOM COMPONENTSCORP
W224 58445 INDUSTRIAL OR
BIGBEND, WI 531 03
414-662-5266
ADAPTORS, CABLES. EXTENSlmJS. TEST JIGS

DAVILYN CORPORATION
13406 SATICOY ST
NORTH HOLLYWOOD, CA 91 605
800-235-6222
ELEcmONIC PARTS & MILITARY SURPLUS

DAYTON-GRAINGER, INC
3299 SW 9TH AVE / POB 14070
FORT LAUDERDALE, FL 33315
604-580-2443
GENERAL INDUSTRIAL SUPPl Y, FANS &
BLOWERS FOR COOLING

DERF ELECTRONICS CORP.
37 PLAIN AVE
NEW ROCHELLE, NY 10801
800-431-2912 / 914-235-4600
ELECTRONIC COMPONENTS. CHIPS.
TRANSISTORS. CRYSTALS. MORE.

OIGI-KEY
HIGHWAY32 SOUTH/ PO BOX 677
THIEF RIVER FALLS, MN 56701
800-344-4539
RADIOSUPPLlES. ELECTRONICCOMPONENTS

DRAKE, R. l. , COMPANY
PO BOX 3006
MIAMISBURG. OH 45343
800-568-3795 513-866-3211
DRAKEHAM RADlOS. SWL RECEIVERS. FILTERS
& OTHER RADIO PRODUCTS

EAST CüAST TRANSISTOR
2 MARLBOROUGH ROAD
W HEMPSTEAD, NY 11552
800-645-3516
SEMICONDUCTORS & ELECTRON ICPARTS

ELECTRONICS WAREHOUSE . INe
POBOX 624
OLO LYME. CT 06371
203-434-8308
ELECTRONICS& TECHNICAL TOOLSiSUPPLlES

GATEWAY ELECTRONICS, iNC.
9222 CHESAPEAKE
SAtJ D!EGO. CA 921~ 1
6 1 9- 279- ~;B02

MIL& COMMERCIALSURPLUS EGUIP ALSO
OENVER. ST LOUIS HOUSTON

HosrELT ELEcmONiCS. INC.
2700 SUNSET BL 'Ir.'
STEUBENva.LE, OH 4 39~2·1 ~ 58

::;ClQ -S24-64fA FAX 8CO-524-54, 4
::XCtLLENT SUPPLiER NEW AND SURPLUS

;35b SHCHt WAY ROAD
3 E: i.J.~ C; !{I . CA 2. ~i C:02

SEr\r I CO !~ D U C ~: - C:PS St El . E CT :l G~J : ~~, f: ' ; ;" :~'-~S , 'N1CE
t lN \i [ ~- J OF'/, C:/. /;, ~ _O G
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JONES. MARLIN P. & ASSOCIATES
POBOX 12685
LAKE PARK, FL 33403-0685
407-848-8236 FAX 407-884-8764
COMMERCIAL SURPLUSELECTRONICS

KEN'S ELECTRON IC PARTS
2825 LAKE ST
KALAMAZOO, MI 49001
61 6-345-4609
CB RAD!OS. CB ACCESS. ANTENNA MOUNTS

MALLORY DISTRIBUTOR PRODUCTS COMPANY
PO BOX 1284
INDIANAPOLIS, IN 462D6
31 7-636-5353

MCM ELECTRONICS
858 E. CONGRESS PARK DR
CENTE RVILLE. OH 45459
800-543-4330 513-434 -0031
ELECTRON IC PARTS & SUPPLIES

MILLER. JW, INC.
19070REYES AVE / PO BOX 5825
COMPTON, CA 90224
213-537-5200
RF CüILS. TRANSFORMERS, FILTERS

MINI-CIRCUIT LABS
PO BOX 166
BROOKLYN. NY 11235
718-934-4500
RFCOMPONENTSOFALL TYPES

MODUTEC. INC
18MARSHALLST / PO BOX778
NORWALK. CT 06856
203-853-3636
ANALOG& DIGITAL PAN EL METERS

MOUSER ELECTRONICS
11433 WOODSIDEAVE
SANTEE, CA 92071
619-449-2222 817-483-4422
ALSO MANSFIELD, TX 817-483-4422
GOMPONENTS & SUPPLIES

MURA CORPORATiON
177 CANTIAG UEROCK RD
WESTBURY. NY 11 590
516-935-3640
PANEL METFRS. INDICATORS. SPEAKERS

MURATA-ERIENORTH AME RI CA, LTO
2200 LA.KE PARK DR
SMYRNA. GA 30080
404-436-Î 300 FAX 404 -436-3030
iFFILTERS OF MAt~Y TYPES

~,1URATA.-E: RI E NORTHAtvlERICA. ING.
1420 L EDIt,GER ST, SUiTE 213
SArJTA AN.A., C,~ 92705
71 4-835-<\ ~2;;
Cp. iJ ~ O R ;- ~ ! A ? Al fS OFF ! :~ t

,:::: \'>1 .TON: H:GnO~J!(; S

44 rAPR,i,rlJ f) ::. '{
S LCO ty" r : r:~ D , ~ J J (J"iG:J:3
;'0': 748 5089
R::SlSTORS & SrM!COf'JDUCTOFiS
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NEWARK ELECTRONICS
5308 W. 124TH ST
ALSlP, IL 60658
312.-371-9000
ELECTRONIC COMPONENTS. SUPPLiES & EO

NTE
44FARRAND ST
BlOOMFIELD, NJ 07003
201-748-5089
SUPPLIEROF NTE-BRANO SEMICONDUCTORS

ORA ELECTRONICS
201 20 PLUMMER ST I PO BOX4029
CHATSWORTH, CA 91 313
800-423-5336 818-701-5850
JAPANESESEMICONDUCTORS. ICS

PALADINCORPORATlON
3543 OlD CONEJO RD, #102
NEWBURY PARK, CA 91320
805-499-0318
SOLDER'Gs WIRE HANDLING TOOlS. TESTERS

PARTS EXPRESS INTERNATIONAL
340 E FI RST ST
DAYTON. OH 45402
800-338-0531 513-222-0173
ELECTRON IC PARTS & SUPPLIES

PASTERNACK ENTERPRISES
PO BOX 16759
IRVINE, CA 92713
71 4-261-1920
COAXCABLE PRODUCTS. CONNECTORS, MORE

OUAM-NICHOLS CO.
234 E MAROUETTE RD
CHICAGO. IL 60637
31 2-488-5800
REPLACEMENT & OEM SPEAKERS

RED L10N CONTROLS
20 WILLOW SPRING CIRCLE
NEW VORK, PA 17402
717-767-6511
DIGITAL COUNTERS & INDICATORS, CONTROLS

REMEE PRODUCTS CORP.
41 BRIDGE ST
FLORIDA. NY 10921
800-431 -3864 914 -651-4431
COAX, WIRE & CABlE

RFPARTS COMPANY
1320 GRAND AVE
SAN MARCOS, CA 92069
619-744-0700 800-854-1927
POWER DEVICES, LINEARAMP PARTS, HAM & CB

SHOKA! FAR EAST l.ID
280 N. CENTRAL AVE
HARTSDAl E, NY 10530
914-681 -0700
VERY LARGE IMPORTER OF ELECEQUIPMENT &
COMPONENTS

WCKERELECTRONICS
1717 RESERVE ST.
GARLAND, TX 75042
800-527-4642 FAX 214-245-0357
SURPLUSELEXTEST EQUIPMENT, COMPUTERS,
BOOKS, SUPPLlES. AND A FINE CATALOG

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

WORKMAN ELECTRON IC PRODUCTS. INC.
75PACKINGHOUSE RD I PO BOX 3828
SARASOTA. FL 33578
813-371-4242
SEMICONDUCTORS & RESISTORS

SCANNERS, RADIO
EQUIPMENT,ACCESSORIES

A-B-C COMMUNICATIONS
17550 15TH AVE NE
SEATTlE. WA 92065
206-364-5300
ICOM. BOOKS, ANTENNAS

ACE COMMUNICATIONS
10707 E 106TH ST
FISHERS, IN46038
800-445-771 7
SCANNERS FROM AOL, ETC FOR
SOPHISTICATED USERS

AMATEUR ElECTRONIC SUPPLY
571 0 GOOD HOPE ROAD
MILWAUKEE, WI 53223
800-558-0411
MUCH HOBBY RADIO EOUIPMENT. AlSO IN:

WICKLIFFE, OH 800-321-3594
ORLANDO. Fl 800-327-191 7
CLEARWATER, FL 813-461-4267
LAS VEGAS, NV 800-634-6227
SEATTLE, WA 206-767-8170

AMC SALES. INC
PO BOX 928
DOWNEY, CA 90241
213-869-8519
FAX 213-923-1478
LONG PLAYTAPE RECORDERS-SURVEilLANCE.
SECURITY & RADIO USE, VOX

ANTTRON ANTENNA PRODUCTS
PO BOX 2744
YOUNGSTOWN, OH 44607-0744
216-788-9404 FAX 216-788-7709
ANTENNAS FOR SCANNERS, CB, & HAM RADIO,
GREAT SCANNER ANTENNAS!

ASSOCIATED RADIO
801 2 CONSER, BOX 4327
OVERLAND PARK, KS 66204
913-381-5900 FAX 913-648-3020
NEW & RECONDITIONED RADIO EOUIP. WHSLE

ATLANTIC HAM RADIO LID
368 WILSON AVE
DOWNSVIEW, ONT M3H lS9CANADA
416-636-3536
HOBBY RADlOS. ACCESSORIES AND SUpoUES.
TRADE- INS AN D REPAIRS

BARRY ELECTRONICSCORP
512 BROADWAY
NEW VO RK, NY 1001 2
21 2-925·7000
EVERYTH!NG, PLUS FULl ·SERVICE LAB TECHS

B.C. COMMUNICATIONS
THE21 1 BLOG, DEPOT ROAD
HUNTINGTON STATION, NV 11 746
516-549-8833

Cheek3
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BURK ELECTRONICS
35 N. KENSINGTON
LAGRANGE. IL 60525
708-482-9310
MUCH HOBBY RADIO HARDWARE, PUBS,
TRA8E-INS, TECH ASSISTANCE, REPAIRS

C. CRANECO.
553 - 10Ti-; STREET
FORTUNA, CA 95540-2350
707-725·3000 FAX 707-725-9060
SCANNERS, SHORWi AVE. R4010S, HOOKS

COMMUNICATiONSELECTRONiCS
PO BOX 1045
ANN ARBOR, MI 48106-1045
800-872-7226
VHF-UHF SCANNER RADlOS, CB RADlOS,
MARINE RADlOS

COMMUNICATIONS SPECIALISTS
426WEST TAFT AVENUE
ORANGE, CA 92665-4296
800-854-0547 714-998-3021
RETROFIT CTCSS TONE EO, MODEL TS-32P.
FOR MOST RADlOS INCL SCANNERS

COPPER ELECTRONICS
3315 GILMORE INDUSTRIAl BlVD
lOUISVILLE, KV 40213
502-968-8500
HOBBY RAD!O. ACCESSORIES

DANDY'S
120 NORTH WASHINGTON
WELLINGTON, KS 67152
316-326-6314
HOBBY RADIO, ACCESSORIES, TRADE-INS

ELECTRONICEOU IPMENT BANK(EEB)
51 6 MILL ST
VIENNA, VA 22180
800-368·3270
SWL, SCANNER RADlOS & ACCESSORIES

GALAXY ELECTRONICS
67EBER AVE I BOX 1202
AKRON, OH 44309
21 6-376-2402
CB PRODUCTS/ACCY'S, SCANNER& SWL EQ

GILFER RADIO
52PARK AVE.
PARK RIDGE, NJ 07656
201-391-7887
HOBBY RADIO, PUBLISHES ALSO

GRE AMERICA, INC
425 HARBOR BlVD.
8ELMONT. CA 94002
415-5911400 FAX 41 5-591·2001
SCANNER ACCESSORIES. INCLUDING
CONVERTERS. PRE-AMPS, ANTENNAS. ETC

GROVE ENTERPRISES. ING.
140 DOG BRANCH RD
BRASSTOWN, NC 28902
704-837-9200
SWL & SCANNER EaUlP, MJTENNAS & MONITOR
SUPPLlES. AlSO PUBLlCAT!ONS INCl UDING
MONiTORING TIMES
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HAM RADIO OUTLET
EXCELLENT RESOURCE, WITH MANY HOBBY
RADIO L1NES, LITERATURE, BOOKS, PARTS,
TECH HELP, AND ACCEPTS TRADE-INS. ALL
OVER:

ANAHEIM, CA 714-533-7373
ATLANTA, GA 404-263-0700
DENVER, CO 303-745-7373
OAKLAND, CA 415-534-5757
PORTLAND, OR 503-598-0555
PHOENIX, Äl. 602-242-3515
SALEM, NH 603-896-3750
SAN DIEGO, CA 619-560-4900
SUNNYVALE, CA 408-736-9496
VAN NUYS, CA 818-988-2212
WOODBRIDGE, VA 800-444-4799

HENRY RADIO INC.
2050 SOUTH BUNDY DRIVE
LOS ANGELES, CA 90025
800-877-7979
HOBBY RADIO, MANY L1 NES. TRADE-INS OK

JUN'SELECTRONICS
5563 SEPULVEDA BLVD
CULVER CITY, CA 90230
213-390-8003
HOBBY RADIO, ACCESSORIES. DOES REPAIRS

LENTINI COMMUNICATIONS
21 GARFIELD ST
NEWINGTON, CT 06111
203-666-6227
HOBBY RADIO, ACCESS, TRADE-INS, REPAIRS

MACFARLANE ELECTRONIC, LTD
RR #2
BATIERSOA, ONT KOH lHO CANADA
613-353-2800
HOBBY RADIO EO & SUPPLlES, TRADE-INS

MARYMAC INDUSTRIES, INC.
22511 KATY FREEWAY
KATY, TX 77450
800-231-3680 713-392-0747
DISCOUNT MAIL ORDER FRANCHISE DEALER
FOR RADIO SHACK PRODUCTS, SCANNERS

MFJ ENTERPRISES, INC.
POB494
MISSISSIPI STATE, MS 39762
800-647-1800
HOBBY RADIO ACCESSORIES OF ALL SORTS

MICHIGAN RADIO
23040 SHOENHER
WARREN, MI 48089
313-771-4711
HOBBY RAD IO, BROAD INVENTORY, TRADE-INS

MIL-SPECCOMMUNICATIONS CO.
PO BOX 461
WAKEFIELD, RI 02880
401 -783-7106
MIL-SPECRECEiVERS, NEW & USED, CTCSS

NEVADA
189 LONDON RD, PORTSMOUTH
HAMPSHIRE, ENGLAND
0705-662145 869107 TEL~X

WIDE VARIETY OF EUROPEAN SCANNERS
ACCY'SAND SHORTWAVE RADIOPRODUCTS

OPTO-ELECTRONICS
5821 NE 14THAVE.
FT. LAUDERDALE, FL 33334
800-327-5912
FAX 305-771 -2052
SSB COUNTER, HAND-HELD FREO COUNTERS,
AUTO-TUNE RECEIVERS

PORTLAND RADIO SUPPLY
234 SE GRAND AVE
PORTLAND, OR 97214
503-233-4904

RADIO CENTER USA
630 NW ENGLEWOOD ROAD
KANSAS CITY, MO 64115
800-821-7323

RADIO CENTER USA
12GLEN CARRAN CIRCLE
SPARKS, NV 89431
800-345-5686
HOBBY RADIO, ACCESS, ACCEPTS TRADE-INS

RADIO PLACE, THE
5675A POWER INN ROAD
SACRAMENTO, CA 95824
HOBBY RADIO, ACCESSORIES, BOOKS, REPAIRS

RADIO SHACK
1500 ONE TANDY CENTER
FT. WORTH, TX 761 02
817-390-3011
OVER 7,000 STORES INTHE U.S.
COMPUTERS & SCANNERS (!I), ANTENNAS,
ACCESSORIES

SATELLITE CITY
2663 COUNTRY ROAD 1
MINNEAPOLIS, MN 55112
800-426-2891
HOBBY RADIO EO, REPAIRS, TRADE- INS

SCAN COMMUNICATION CO
PO BOX 911
BURLINGTON, IA52601
319-752-3000
HOBBY RADIO, ANTENNAS, ETC.

SCANNER WORLD
10 NEW SCOTLAND AVE
ALBANY, NY 12208
51 8-436-9606
VHF-UHF SCANNER RAD lOS, ACCESSORIES

TELE ' PATH
49111 MILMONT OR
FREMONT. CA 94538
800-292-1700 415-656-5600
RADIO COMM. EOUIPT DEALER, RADlOS,
AMPLIFIERS, TEST EOUIP

TEN-TECH, INC.
11 85 DOLLY PARTON PARKWAY
SEVIERVILLE, TN 37862
615-453-0364
TxRx,AMPS, ANT TUNERS, ENCLOSURES

UNIDEN CORPORATION OF AMERICA
4700 AMONCARTERBLVD.
FT WORTH, TX761 55
817-858-3300, TECH: 817-841-8615
MANY SCANNERS, ACCESSORIES
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UNIVERSAL ELECTRONICS,INC.
4555 GROVES ROAD, SUITE 13
COLUMBUS, OH 43232
800-241 -8171
BOOKS, SATELLlTE AND SCPC RECEIVERS

UNIVERSAL RADIO
6830 AMERICANA PKWY
REYNOLDSBURG, OH 43068-4113
800-431 -3939 614-866-4267
SHORTWAVE, HAM & SCANNER RADlOS, ACCESS

U. S. RADIO
377 PLAZA
GRANBURY, TX 76048
RADIO SHACK EOUIPMENT, ACCESSORIES

.I!ERI!?DIÇ!!.L.Si\;\9.IIlS" ...
I'U8UÇAT:IONS · ·',1(iijii'

ACE BULLETIN
PO BOX 11201
SHAWNEE MISSION, KS 66207-0201
MONTHLY PUB FOR PIRATE, CLANDESTI NE &
NUMBERS MONITORING SWL HOBBYISTS

AIRLINERS MAGÄl.INE
BOX 52-1238, DEPT S
MIAMI, FL 33152-1238
305-477-7163 FAX 305-599-1995
MAGÄl.INE ON AIRLINERS, AIRLlNES s AERO

AMERICAN SCANNERGRAM
50VILLA ROAD
SPRINGFIELD, OH 45503
NEWSLETTER OF THE ALL OH IO SCANNERCLUB

ANTENNEX
PO BOX 8995, DEPT 19
CORPUS CHRISTI, TX 78412
MAGÄl.INE FOR ANTENNA EXPERIMENTERS

ARTSCIINC
POB 1428
BURBANK, CA 91507
818-843-4080
MODS, L1CENSE MANUALS, FREO & MAP BOOKS

CLANDESTINE/CONFIDENTIAL NEWSLETTER
RR#4, BOX 110
LAKEGENEVA, WI 53147
NEWSLETIER: PIRATE & CLANDESTINE RADIO

ca COMMUNICATIONS, INC.
76N. BROADWAY
HICKSVILLE, NY 11801
516-681 -2922 FAX 516-601-2926
POPCOMM, ca,MANY OTHERS.
XLNT PUBLlSHER OF HOBBY ELEX PERIODICALS

CRB RESEARCH BOOKS
PO BOX 56
516-543-9169 FAX 51 6-543-7486
COMMACK, NY 11725
HOBBY RADIO BOOKS - PERHAPS THE LARGEST
AND BEST CATALOG INTHEFIELD

CTM MAGAZINE
1704 SAM DRIVE
BIRMINGHAM, AL 35235
205-854-0271
MAGÄl. INEFOR COMPUTERIST & HAM RAD:O,
PACKET RADIO

_ _ _ _ _ _ ......4I11III
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o CENTERPR!SES
3420TRENARY LANE
COLORADOSPRINGS. CO 8091 8
PUBLISHE R: AIRCRAFT FREOUENCY DIRECTORY

DX USTEt~ iNG DIGEST
PO BOX 1684
ENID. OK 73702
MOrHHLY PUBFOR SHORTWAVE LiSTENERS

FM ATLAS PUBUSHING
BOX336
ESKO. MN 55733-0336
PUBUSHER OF FM A.TLAS AN DFMEDIA
NEWSLETTER. GUIDES10 FM BROADCAST &
SCA FOR TRAVELERS. Hi-Fi. HOBBYISTS

HIGHTEX"i PUBLICATIONS, ING.
7128 MiRAMAR ROAD. SUITE 15
SAN DIEGO. CA92121
619-693-5900
HOBBY BOOKS. SHORTWAVE, ANTENNAS. ETC

HR BOOKSTORE
POB209
RINDGE, NH 03461
800-457-7373
HOBBY RADIOBOOKS. SOFTWARE

INDEX PUBLISHING GROUP
3368 GOVERNOR DRIVE
SAN DIEGO . CA 92122
800-546-6707
PUBLISHER OF SCANNER BOOKS.
INCLUDING SCANNERS s SECRET
FREDUENCIES, EMERGENCY RADIO!
THE UL TlMATE SCANNER, TRA VEL SCAN

IKUNGENFUSS PUBLICATIONS
HAGENLOHER STR. 14
D-7400TUEBINGEN, W. GERMANY
07071-62830
PUBLICATIONS ON UTILITY & RTTY SHORIWAVE

MENTOR PUBLICATIONS
135-53 NORTHERN BLVD
FLUSHiNG. NY 11354
BOOKS ON SECU RITY. SURVEILLANCE&
RELATED ELECTRONICS

MICROWAVE SYSTEM NEWS
11 70EAST MEADOW DR
PALOALTD. CA 94303
INDUSTRIAL.COMMUN ICATION S. ELECTRONICS.
TRADEJOURNAL

MICROWAVES & RF
PO BOX 1043
SOUTHEASTE RN. PA 19398-9953
RFIELECTRON ICS TRADE JO URNAL

MOBILE RAD IO TECHNOLOGY
5951 S. MIDDLEFIELD RD
L1TTLETON, CO 801 23
INDUSTRIALJCOMMUNICATIONSItlECTRONICS,
TRADE JOURNAL

MODERN ELECTRONICS
76N. BROADWAY
HICKSVILLE, NY 11801
MDNTHLY MAGAZINE FOR EVERYTHING ELEX

MONITOR ING TIMES MAGAZINE
POBOX 95
BRASSTOWN, NC 28902
704-837-9200
800-438-8155
MONTHLY SCANNER & SHORTWAVE MAGAZ INE

NATIONAL SCANN ING REPORT
PO BOX 291 918
KE TTERING, OH 45429
800-423-1331
MONTHLY SCANNER MAGAZiNE

NUMBERS FACTSHEET. THE
PO BOX149
BRIARCLIFFMANOR. NY 10510
"NUMBERS STATIONS'

OFFICIAL SCANNER GU lDE
PO BOX 712
LONDONDERRY. NH 03053
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BILL CHEEK?
, Bill Cheek (aka Dr. Rigormortis)

••_._,......~ published t he monthly Eleven Met er
Times & Journel. wrot e t he best-selling Scanner Modifica t ion Handbooks
Vols 1 & 2. and since 1991 has published the influential monthly Wor/d
Scanner Report. Bill is t he author of a wealth of techn ical and do- it
yourself features appearing in Popu/ar Communica tione. S-9/Hobby
Radio. and other periodicals. He's t he columnist of t he "Experiment er's
Workshop" in Monitoring Times. and is known everywhere as The Guru of
t he Scanning Hobby. His Hertzian Int ercept BBS. for inst ance. is a
rallying point for scannists around t he world.

Bill's technical ca reer began as a Navy electron ics technician duri ng t he
Vietna m era . and advanced t hrough electrical engineering. meteo rological
and air pollution engineering. satellite and space engineering. to
president/CEO of a satellite communicat ions manufac t uring corporation.
Today. he's at t he cut ting edge of both t he communication and t he
computing worlds. as a beta tester for Microsoft. a reviewer of technical
books for some of America 'e lead ing publishers. and is t he acknowledged
mast er of making electronics work better -- much better -- t han t he
manufacturer ever dreamed possible!

Bill's memberships in many professional and hobby organizat ions include
t he Radio Club of America . t he Institute of Electrica l and Elect ronic
Engineers. MENSA . Associat ed
Public Safety Communication
Officers . REACT. and t he
Instrument Society of America.

He is the U/timat e S cannist!
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