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Forward by Tom Kneitel

An amazing thing happened recently. 5Scanner design and technology
got to the point where an intrepid group of "scanner hackers" were able to
open up their zcanners, poke around at their innards, and figure out how to
get the equipment to do all sorts of clever things never included by the
manufacturers.

This could ke something as basic as the cutting out or adding in of a
single 254 diode at a strategic peint in the circuit, or as ambitious as
removing ane of the scanner's "chips" and replacing it with another that
would enable the set to scan 6,400 memary channels. The scanner that opened
the door to such techniques was the Realistic PRO-2004, and its later
version, the PRO-2005. Because of the popularity and potentials of these two
scanners, mast of the modification technigues have thusfar been developed in
connection with these units. However, a number of moeds have also been
worked out for the Realistic PRO-34 handheld as well as an array of current
Uniden Bearcat scanners.

With these mods you can get the scanners to receive blocked out
frequency bands, scan at faster speeds, scan thorough more memory
channels, interface with a communications recelver, provide better headphone
and tape-out audio quality, and all sorts of ather wseful things.

Bill Cheak, who many in the communications hobby may alzo know undar
his nickname, "Doctor Rigormortis," has done a fine job in developing,
collecting, improving, and testing numerous scanner hacker technigques in his
laboratory . He then put them inte a fine step-by-step format so that the
benafits derived from these modifications could be accomplished by scanner
owners having little more than basic tools and circuit experience.

Tom KEneitel, KIAES
Editar,
FPopular Communications Magazine



Chapter 1

Scanning & The Law

If you'll excuse me, | feel the need te ewploin a few things to you obout the legol
ramiflcations of turbo-superchorging ond operating your sconner. 5ome communications
books seem to wander off the track while attempting to do this. Wornings, caveats,
and legol mumbe-jumbe hove become o woy of life in our scciety, it seems, ond
sometimes with good reason. In my own cose, there's o wery, wvery, pood reozon. You
see, from 1¥83 to 1988 [ published o CB rodic mogozine colled the Eleven Meter
Times & Journal. During thot ero, 1 believed rother strongly in Freedom of the Press.

EMTJ) published lots of good radio lore ond "insider informotion” for dedicated and
hardcore 27 MHz enthusiosts. The bill of fore was mostly technical ztuff worded in
ordinary longuoge, ond oimed ot serious DX chosers who hod very little interest in
belonging to local CB clubs, monitoring Channel %, talking to truckers en Chonnel 17,
ond the rest of the general run-of-the-mill CB ond "goodbuddy" ospects of 217 MHz.
The tone of EMTJ) was somewhat irreverent, it criticized the "goodbuddy" eperaters
ond somae of the FCC's methods ond toctics in regord to 27 MHz operators. In foct,
EMTJ went so for os to soy, on occasion, thaot the FCC meddled with people's civil
rights. Then the FCC meddled with mine. Freedom of the Press lost o lot of Its
meaning for me of thot point.

One of the things thot the FCC fecused in on was Informatien in EMTJ that they
claimed could hove been put to illegol use by the reoders. Te porophrose what one
FCC official told me at one point during the proceedings, "We're afrald that people
will think it's legal for them to do things written about In your newspoper." It seemed
ta me thaot the FCO was looking for some way to make me responsible for people
vialating the CB Rules!

At another time, onother FCC officiol reod off o litany of things he hod ogoinst
me. Then, quite off the cuff, he cosuolly tossed out the thought thot, "If the EMTI
somehow just stopped publishing, things could go a lot better for yeu." Mot bhaving the
time, resources, nor the inclination to extend this situation onmy  further thon
necessary  (since | had already put two years into it), | took his suggestion with some
seriousness. Then, more oz on experiment thon onything else, | suspended publicaotion
of EMTJ ond walted to see what would hoppen mext. 3everal months possed with no
further hossles fram the FCCO. It become cpparent thoat 1 hod mode made the right
gecision, se publicotion of EMT) was terminated for goed. I haven't heard from them
since. The effeet of my decision was almest mogleal, If you know what 1 mean.

With that mos! painful experience under my belt, please beor with me aos | take o
few poges here to deal with seme of the legal ospects of scannlng, llke several areas
where people could patentially get Inte trouble with the unlts. That way, you won't do
anything wrong, ond nobody con say thot [ soid it wos OK to do this or that. I'm not
telling ?uu it's OK to do anything, but I will tell you what 1 think Is illegal In certaln
areos. I'm rat an atterney, ond fE:s isn't legal advice, merely my own Interpretation
of how several laws relofe to swning o scormer. Morurally, I'd suggest that you cbtaln
a copy of the lows ond read them in their entirety, since you might come up with
some additional thoughts ond interpretations of your own.
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Communicotions Acr of 1934

Let's begin with the Communleations Act of 1934, which clearly says certoin things
about llstenlng te or menlterlng rodie communlcotlions. This law Is more than
fifty-flve yeors old and it has possed the tests of time ot various levels of the federal
court system. 5o, thilngs are pretty well etched Into stone ond honored by both time
and troditlon.

1. It's ogalnst the low to divulge onything you hear frem o rodio fronsmission fo
aonyone else who ls net o party to the broodeast. This deesn't really relote to hom,
CH, AM/FM/TY broodcosts, ar to distress signals. Obvlously, ony tronsmission that s
intended for general public reception would be exempted from such o restriction.

On the other hand, if you were manitoring a police frequency and heard thot a bonk
robbery wos in progress, It would not be legol for yeu to run next door and tell your
nelghbor. If you heord that the police just stopped o car that turped out te be stolen,
ond you recognized the cor as the ane that belengs te your peighbor, It would nat be
legal for you to run next doar and soy thet the cor wos recovered. If your neighber
was sifting in your house listening to your sconner with you when either of these twe
colls eame In, nothing weould hove to be divulged In erder for you to discuss therm with
ocne another.

This low has been effectively opplied to the dismoy of several vielotors. In one
instonce, a scanner owner waos tuned in on o federol ogeney frequency ond wos
listening ta o surveillance in progress. From the cenversotions monitered, the scanner
owner was able to learn the Identity of the suspect. He then colled the suspeet ond
tipped him about being under surveillonce. This coused major domage ta the
investigation. However, the federal ogents probobly hod thelr suspect's phone topped,
for they knew he'd been tipped, ond they were oble to trace the number that hod
called in the tip., The sconner owner was fried and convicted of o viclation of the
Cemmunications Act,

However, it's alse interesting to note that many newsrcoms os well as the wehicles
belenging te rodie/TV stations ond rewspopers ore egquipped with sconners to menitor
public sofety ond other low enfercement communications. When there's o maojor crime
or fire, sometimes the news vons arrive ohead of the police and fire personnel.
Samehow, these people don't seem to get haossled for their menitoring octivities, but
'm met a lowyer ond | con't give you o list of reasons why.

Ads oppeor all of rhe time in hobby publications where sconner owners offer to
swop tope recordings of flie or pelice communications. 5o far os | know, nobody hos
ever been prosecuted for this innocent type of monitering ond divulging, although it
certainly would appear to octually violote the low, Be careful.

2. [t's against the low to moke wse for personocl goin of anything you might
overheor in o tronsmission not oddressed ta you.

Agaln, hom and AM/FM/TY breadeasts wouldn't be Included in this. And whoe would
foult you for running to the bonk to close out your account when the avening news on
all three TV networks report the president of your local bank tock off to Ric with his
sacretary ond 27 steamer trunks?

Still, you'd elearly run ofeul of this low if you acted upon information gleoned from
your monitoring of o twe-woy shipfshore phone coll between stockbroker and client.
Another violotion would be if you averheard on your sconnar thot the palice were
going to show uvp to arrest you, ond wyou then eluded them bosed upon  that
informaticn.

If you overheord o cellular phone conversation between a land developer and his
portner about o shopping maoll they are plonning for o certoin corner, ond you then run
to the owner of the lond ond obtoin o five yeor option to buy if, you've probably
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broken ot least two lows. The ore we're discussing, also one about listening to cellular
conversations., ‘Wea'll gt to that one in o little while.

Best bet to be sofe ond legol here is not to moke personal use of anything you
might owerheor vio radia tronsmissions not intended for public reception.

3. It's ogolnst the Jow ta moke wse for illegol purpeses or use in ossisting in the
commission of o crime, onything you overheor In a radio tronzmission.

This is one of those decls where if you do one thing, the outheorities con bust you
for it ond then tozs in fourteen other things to the list of charges. 5o, if you use
informotion gleoned from the scanner to oid you in emborking on o life of crime, you
should be well oware of the foct thot it's o seporote viclation of the low. 36, if you
had in mind trying to blockmail the guy down the block because you always overheor
his rocy corphone chats with his wife's best friend-- like, forget it!

4. The ohove are the maln prohibitions for recelve-only sltuatlens thot seem to be
coverad by the Communications Act. But, alse remember that there ore many state
and local laws ond ordinonces thot con eoslly moke on instont lowbreaker out of an
otherwise innocent zconner hobbyist. Fer Instonce, some states prohibit the instollotion
of sconners in vehicles, although thers are many wvariations to the theme. In meost
coses, hoems ore cxcused from the prohibition, and sometimes hondheld scanners ore
allowed os opposed fo scanners thot are physically "installed” in the wehicles. While all
af these restrictive lows ploinly skink ond reek of being wnconstitutionel, they are on
the bocks ond con cosily cost you a fine [or worse) if you get cought.

Cthar local ordinonces maoy be directed at your bose station antenno ond the
lecotion or height of itz instollofion. Most of the time, federol lows overrule state
and lzcal zening restrictions regarding codio, including antennas, but outhorities have
figured out oll sorts of devilish ways of moking their peint. | know of one Instonce of
o CB'er whose signols were coming cut of o neighbor's stereo. Locol auwthorities
decided that they could xnock him off their air with o fine ond o jail term by
determining that his CB eperation constituted o "Disturbanee of the Pegee."

In the cose of ontennos, while it moy be agoinst federal regulotions for lecal
autherities to dictafe where you con ond can't put on antenna, you con be sure that




they know how te cook up o list of building ond zening low viclotiens se fast that
you'll be content if they agree to let you use an indoor rubber duckie. Melghbarhoed
"protective covenants" can alsa be used to legislote your antenna info history.

30, | suggest that you obey local lows, even though you may consider them to be
stupld or wncenstitutional, unless you've got o great aftermey, o lot of time and
rmoney, and hope to see the story of your plight oppearing on poge 3 of vour
hemetown newspopsr. You moy eventually succeed in getting your cose heard in
federal eourt, but the sonctions and martyrdem you will experience in doing de will
hordly maoke ony victory you might &vcﬁruurly experience seem worthwhile.

Electronic Communications Privacy Act of 1984

And then there's the Electronic Communlcatlens Privaey Act of 1784 (ECPA)
which cavers o range of things you con't now legally meniter. The ECPA expressly
forbids monitoring cellular telephone conversations, but that's nat all. The ECPA
makes it illegal te intercept ond monitor any radic frequency communications that are
originated fram or terminated in o normally private landline. This incledes moest
mlcrowave ond satellite transmissions , even broadcast studic-transmitter links in the
26 MHz and %45 MHz bonds. It's aolse llegol new te descromble o deliberately

scrombled tronsmission, even if the common speech-inverslen technlque s used.

There ore exceptions to the ECPA, such az 4% MMz cordless telephone handset
signols, ©CB, hom rodio, signals from ships and oircraft, and governmental
communications, fer instance. Absurd and virtually unenforceable as the ECPA s,
many peaple seerm to think that its even wncenstitutional, The person to find that out,
hawswar, will have to be wvery rich or wery convincing—- or both. Rest assured that
sameday, semeane wlll eventuolly get noiled for viclating the ECPA, be it an
espionoge ogent or just some averoge citlzen with o scorner who displayed his
monitoring prowess on the cellular frequencies to o curlows FBI ogent.

| am odamantly ogainst the ECPA's provizions thot cloim the outhority to make it
illegol for me to monitor the public's oirwoves in my own home. My philosophy is
simple ond is shored by thousands of others. When zome person or business beams a
radie wove ocross my property, into my heme ond through the peres of my skin, then |
hove the inolienable right to detect that rodio wove for personal security reasons.
Rodla waoves, Including the bosic RF energy ond the information corried upon those
wowes, can be harmful to life ond limb. It ought to be my excluslve right to determine
the content, frequency, strength, polarity, mode, durotion, and other chorocteristics of
thot radie wove. For Pefe's soke, what if telco wonts to run your neighbor's londlines
through your living room, ocross your sofa, ond out your bedroom? Radic woves do
thot every second of the doy, except you con't see them or trip over them in the
dork. Thay're still there, theugh, ond unlike wires thot con be seen running ocrass the
wolls and floars, RF Is lnvlsible as It posses thraugh yaur bady,

I[f privocy of communications is required by fthose who communicate, let It be
corried over londlines, or let it be the responsibility of the communicators to encrypt
their rodia signols. Cost offective, secure, digital encryption equipment is reodily
availabla, It works o lot better ot providing privacy thon does legizlation— and there's
no twe woys about thaot!

In any event, it's ditticult, if not altogether impossible, to detect viclations of the
ECPA (ond gother evidence of what persons are menitaring in the privacy of their own
harmes), [t Is o low that has little chones of being enforced, except in instonces of the
most flogrant viclations. The entire low, or ot leost certain unconstitutional ond/or
wnenforceable provisions {such os monitering ond interception from o person's own
home or privete property) should be stricken.

It two parsens are canversing on o o cleor {unscrombled, unanerypted} radia elrcuit,
would they recsanably ond legitimately expect ony more right to privacy thon if they
were stondlng on a busy sidewalk velling their thoughts back ond forth to one ancther,
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ar if they were tolking in o crowded bus ar restauront? What's the difference If they
are doing It while driving eround in thelr cars bhoving thelr converzotion while
bombarding you and the environment with 800 MHz rodie waves that corry their
words? Some situation with zatellite fronsmissions-- waves frem outer space that ore
lembosting your home, property, body. What inalienoble right to privocy does that
satellite or its owner legitimotely expect? Meverthelezs, the ECPA was possed by
Congress and signed by the President, so i1's the low. ..

We'll hove more to soy abowt the ECPA later on in this book.

A Little should be moted obout maodifyving sconning receivers. 36 for as | am awars,
there is o low er regulotion that relates to whot o private porty con et connol do o
hiz or her own recalving eguipment; olthough there are things you oren't suppased to
do to tronsmitters. Back when [ was having FCC problems, [ asked the FCC
Engineer-in-Charge if it was legal to meodify the receiver (only) sections of CB radios.
I weos stunned when be said that he didn't know for certein and would have to "check
with Washingten" He did ge inte some lengthy speculotion that how the receiver
portions of CB rodics hod to be "cerrificated"” by the FCC, so any modifications would
probably wiolote the certificotion. There's little similarity, | believe, between CB
rodios {which are tronsceivers) ond VHF/UHF :zconning receivers. The scanning
receiver shouldn't have ony problems being modified by its owner. However, be oware
thot the componies that monufacture the scomners meointoin an alecf attitude towords
thair praducts being madified internelly ond generolly consider modifications os hoving
been cause o veid their worronty en the preduct.

Whan the ECPA went into effect, It's wording waos sufficlently non-specific to
croate confusion within the ronks of hobbyists and manufocturers. 5Some came to the
conclusion thet it wes either umethical, immorol, or just ploin illegal to possess or
modify equipment so that it would be copoble of receiving frequencies on which
eellular  communications in the 800 MHz bond where cellulor communications take
place.

In early 178%, an independent decler selling new Realistic scanners wos odvertizing
that he would, for o nominal fee, furnish the PRO-2004 zconner with the "cellular
frequencies restoration” modificotion. In time, the dealer got o visit from FBI ogents
who told him that he could no longer provide this pre-sole modification service
because it violated the ECPA. The decler then discontipusd the modilication service,
but, instead, pocked o in o do-it-yourself instruction sheet with each PRO-2004 sold.
Thot seemed ta satisfy the FBI and clso the complointont (the celluler telephone
industry), and there haven't been ony additioncl hossles reported. 3o, pechaps it might
be interpreted thot o business con't do pre-zole cellular modificotions— but none of
this is really clest. There ore certainly reasons to wonder, since several manufacturers
produce scanners thot come foctory-recdy ta pick wp cellulor frequencies without any
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reeded  madifications.  Meanwhila, seme sconners are  designed to cover these
frequencies, but their ability to do so is blocked at the foctory ond con't be utilized
until it Is deliberately restored by the clipping of o diode or a resister—- modifications
that are neither recommended, endorsed, ror suggested by the several monufoeturers
whoss preducts come through this way.

On the wheole, the sconning hobby is really one of the leost reguloted ond leost
hossled pursults of them all. It's likely to remain that wu",r for some time fto come
because it's a leisure pursvit you de mostly within the confines of vour own harme. A
lirtle common sense and prudence concerning the lows that relate to sconner usage
will help keep things hassle-free for yeors te come. Our advice is to obfain copies of
the vorlous lows that relote to scenning, read those lows, ond obey them.
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Chapter 2

Tips, Hints & Kinks

This chopter is o roundup of the "right stuff" thot 1t takes to scon with the best of
'‘em. Included here iz a wealth of proctical tips, hints, kinks, ond useful scarmer lore
without going too far into technical jorgen or fheoretical ruminations. If you're
looking for deep end stuff, it's not here. Bur If you wont o fost-track poth to grobbing
the absalute maost out of the time ond resources available e you far sconning, then
stand by, because o number of things you'll wont to know obout are definitely in here
somawhera, [If [ missed something you wanted to know about, pleose be sure to let me
know se that 1 eon include it in o svbsequent editlon. Neow, let's jump rlght Inta the
single most impertant thing about rodie-- any rodiol

Antennos for Sconners

Memorlze this: "Give me o 310 rodio ond a 5970 antenna system, and I'll play radia
with the best-- end [ dic." Guote by Yours Truly.

That bit of sage wizdom wos my mette in other realms of radie for many, mony
yeors. It is most applicable to YHF/UHF sconning, too. By ond lorge, the antenno ond
cenxial cable moke or break the monitoring station. To be wery sure, the guallty ond
features of modern scamner rodios are worth o lot more than ten bucks, ond if all |
hod te sh=ll out on my sconning hobby was o thousond dellars, well, I'd still have my
Reolistic PRC-2004 ard 1'd have to seftle for a 3580 antenma system. Remember the
guatation. When the idea is ta sucesssfully copy o single stotlon, the rodle drops out
of the eguation o long as it werks, but the antenno and cooxial cable can offer the
criticel morgin =f heoring or not hearing.

If you ore going fo hove o decent monitoring stotion ond if you are willing to spend
some serious moncy to do so, then you'll bo deing vourself a greot disservice if you
den't pay oftention to the ontenno ond tronsmission line. Mo matter hew good {or
poor) o receiver you hove, Fhe very most it con pessibly pick up is aonly that which
enters the jock on the rear of the set. The guality ond performaonce of your antenna
systerm determines os mueh oz af o robie os 30 te | af the slgrel thot enters the
receiver! In other words, o superior antenna can deliver thirty times more signal than
an inferier one. This i5 sxemplificd whan you consider thot the signol coptured by the
arfenna must be fed dewn 20, 30, ar avan 100 feat of coaslal cable. Ceoxlal cable can
de chselutely nothing whotseever of benefit to the signol, but it con starve your
scannar of signol through losses. Even the conneckors thot mote the antenna ta the
coax, and the coox to the scanner, con steal voluoble signaol.

But flrst, let's ralk ohow! anlennos. Bosically, there ore enly o few considerations
ond choices. The wery First, ond one of the most impoctont, is height! Thers is no
substitute for antenna helght In terms of low cost versus performance. Every ten fear
of increosed height maokes For o significant impreverment in signals, especially those
coming from o distance, The more dlstont o fronsmitter is, the more Improvement in
reception you con achisve by simply coising your antenno a few moere feet., A cheap
antenno con cutperform one costing twice os much but mounted ten feet lower.
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The rule to keep in mind Iz get the best ontenno your budget will ollow ond Instell
It as high as it is sofe ond within your budget ta do sa. [ mention safety because it's
vitally importont thaot you plan your entenna instollotion where there Is no passibility
af It toppling over and coming lnte contast with electricel wires, or where it could
couse dormage te life or preperty in the event It fell durlng or after its instollotien.
Hams, CB'ers, and scanner swrers have been electrocuted when the aontenna they were
erecting come into contact with a power line while they were halding on. If there is
ony possibility that ony pert of your ontenna system lincluding itz meounting mast)
could make contact at ony time with power lines, then find omother locotion where
thot serious hozord to life does mot exist. Also note that oll ontenna installotions
should be adequately protected ogainst lightning strikes-- several monufocturers of fer
good lightning protection devices ot reasonable prices for antenna systems:.

Height Advonrege of Antennos

There's absolutaly no substitute for height of antennas in terms of performaonce
gaoin. The ronge of VHF/UHF communicotions over the surfoce of o {hypothetical}
smooth curved earth is essentiolly line-cf-sight, ond can be appreximoted by this
equaltiamn:

D =,/2HT + 2 Hm

where: I is distence in miles
Hao [s height of tronsmltter ontenna In fest
HFE is height of receiver ontenna in feet

As an example, let's assume o tramamlitter ontenna helght of 50 feet and o recelver
ontenna height of 18 feet., Then we hove:

D = \,u"z (s@) + 2 (18)

J 188 + 38
- i@ + &

14 miles

Other wvorlobles aolse enter Inte the specifle eguation, such os the goin of both
tronsmit and receive aontennos, tronsmitter output power, otmospheric diffroction,
local terrain ond geographic feotures ond site losses ot eoch stotlon. Mevertheless, It
carn be eoslly seen thot as the height of either antenna is increosed, the ronge of
communications is also increoszd.

Rule: Install your monitoring antenno os high o you can sefely and economically
afford.
Galn of Antennas
Mote: For the soke of employing the terminology mest commenly encountered
within the fi=ld of eommunicatlons, some of the terminclogy uzed in this discussion

appears to opply to tronsmitter ontennos. In foct, Bt dees, bub recelving omtennos
possess the exoet some choracteristics. There isn't ony difference betwesn the twe.

The goin rating of on ontenno Is 1ts power multiplication focter. Some ontennos
such os discones hove no goin {or "0 dB gain"), which is o multiplier af "1." Others,
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riodic directional ontensias, have up to 12 decibel (dB} gumin. "l"clgl type
;I;rt:cl?qnﬁguﬁennus can hove eyen more gaoin. Every 3 cB FIF gain s a ml.rlrlphr;l:rhm
focter of two. 56 an antenna with 12 dB goln has o mulfi;::lu:ullnﬂ tactar ch 14 '*"'.'IE;
that which gees into the ontenno. Signols would effectively I::-E ml.ll.Tl-pllel:I_ by Té.
Inferiar or defective ontennas can have o negotive gain, which, in affact, ::.de25 the
input signal (instecd of multiplylng it] for o less. Refer fo Takle 2-1 for an idea of the
multiplicatien focter for various dB goin flgures:

Table 2-1
dB GAIN & MULTIPLICATION FACTOR

dB Gain = Mult. Factor dB Bain = Mult. Factor
& = 1.8 i = 5.8
1 = 1.3 g = Ba. 5
2 - 1.& g = =
5 = 2.8 1A = ig.03
4 = 2.5 12 - 14.68
b = L 15 = S2.0

20 100.a

g
Il
I
=

Pondwidth of Antemos

The bandwldth of on anterno s o measute of the frequency spectrum over which
the ontenna will perform within stoted or required limits. Bondwidth ond gain don't
mix well in the sense thot high goin enfennas tend to be designed to aperate within o
norrow bond of frequencies while widebond entennos tend to hove low gain. Sconner
uzers tend Fo be interested in having the dbility to tune freguencies between 30 MHz
and 00 MHz or obove, but they're typically limited to wsing only o single ontenna.
Therafore, goln muost be socrificed for bondwith. The discons ontenna ls widebonded
with low guoin, and is very well svited to the needs of most general interest sconner
USETS.

Selecting a Scaonner Antennao

50 how do you know which ls & geod ontenna and which 1sn't? Seonner users hove
lzss to weery obout here thon most other communications hobbysts. With CB'ers and
homs, there is o greof deal of performance difference fram one antenmo model to
anpther. There ore so mony models te chesse frem, ond some seem to be pure junk
despite the glowing terrns in which they aore described by their preducers. Sconner
user: have o smoller selection from which to pick. Alsa, there is the very roture af
WHF/UHF monitaring which normally doesn't include long distances.

For exomple, at my ocwn monitoring staticn in 3an Diego, | con pick up most of the
public servles stations in Las Angeles, aobout 140 miles te the nocth, but 1 rorely
bether to listen. The local 5Saon Diege scene is my interest, not some alien and
unfamlllor elty thot's obout o thres hour drive oway. 3o, [ don't require o super-duper
antenno offering lots of goin. You moy have a similar sitvation, finding that {thanks to
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repeaters and high powered tromsmitters) you can plek up almest everything yau wean |
ta hear in your area using no more af an antenna than a telescoping whip attoched to
the bock of your scamner. On the other hand, that antenna isn't going to plck up
non-repeated signals from ony distance. 5o if all you're Interested in is the local 142
MHz MOAA weather forecost, use the indoor antenno that came with POUL SCORME.
You'll hear quite o bit, and it might be enough to satisfy your needs.

If you wont to hear en-seene disaster and emergency communicotions, mobile units,
hondhelds, odjocent cities and ceunties, ond other comms over o wide orea then yeu'll
have to think "anterno,” ond that's all thers is ta it. 5o, even though T rorely bather
ta listen to comms in Los Angeles, T still wish to have the copabilities to do so sheuld
l wish te for o specific purpose. Southern Callfornio has ne shortoge of earthquaokes,
forest fires, ond cther msserted colomities thaf motivates me to want to be ahle te
feor whot's going on outside of my Immediate area. When something is going on that
hos even  the rermatest pessibility of negatively impocting on the environment, ar on
my family's pursuit of life, lberty, ond hopniness, then [ wont ta hear for myself
expctly whot is going on. [t's not geing te be the scommer that makes the difference,
it"s going to be the antenno.

Types of Anrennos

Antenras come In twa generol types: anmidirectionel and directionol. Omni comes
from the Greek, meoning "all," so on omnidirecticnal antenna  recelives (or transmilts)
egually well in all directions, An onalogy is that o bore light bulb is on emniditeck-
ional light source. Sometimes omnidirecrioncl cntennas are milzcalled "nondirestional”
onfennas, which seems re me o strange contradiction in terms describing an antenra
rhat won't work in any direction,

Clirectloncl antennas, by dafinitlen and desigr, faovar sorme directions mare  thon
others. To continee the anology, bring a mirror up to ocne side of a bare light bulb.
Mow {F will be rather dark behind the mirror while the areo ocress from the front of
the mirror will be almost twice az illuminoted as without the mirror. Thot increasze in
illumination is called geine Goin comes by comcentrating light {or rodie encrgy) in
saome directions to the exclusion of others.

Crrmnidirectionol antenncs have littHle or no goin, they offer wniform perfarmonce
pretty much In a 3407 clrcle. Omnl ontennos con have some gain, depending on the
use of designs that can decrease radiotion in angles stroight wp and stroight down so
oy fa compress the rodiotion pattern into o “dowghnuet"” shope, with mest of the signol
pattern cencentrofed equally arcund in a 3407 circle.

Dlrectional antennas hoave gain ar enhoncsd pecfermaonce in the divection where
they ore peinted. They have diminished performence in other directions. Directionol
antennas ore therefore wsuvolly mounted an rotating devlces rthat permit the operater fo
pim the antenno at different oreos, ond change the direction at will, Without a
rotater, o dirsetional onterna offers permonent coveroge anly in the are direction you
hove It installed, unless you con lean out of your rodle ream window ond torque the
most arcund by hand {o method radic cperators coll an Armstrong rotator). However,
if YEL live aut In the boorles, and the enly scanner ocction ef irnlerest fo you Gormes
from a town locoted off in the distance to the east of you, you moy well find thot o
dirsctional antenna lefi painted eostword 1z just whal you've olwoys worlsad.

Since directlonal ontennos decrease energy In some directions and Increase {1 in
others, there is onother specification that is somewhat related to geoin, but deserves
separale mentilan. This is Front-to-Baek (F/B) ratio ond is o comparison of a signal
meosurement on the front side of the anfenna, to another mecsurement of the zome
signal, but made when the signal s polated in the opposite divectlon. If there (s ten
times mote signal on the antenna's frent  thon on the rear, then it iz soid to have
an F/B ratia of "10." Hobbylsts sometlmes semetimes refer te the F/B rotio as
“rejection,” which |z a rather good term.
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Goin ond F/B ratio ore abeut the primary specs of directional anternos if you ever
consider getting cre. Both specs are normolly steted In decibels {dB), ond wsually the
larger the number, the better. Unfortunately, sconner antennos ore often offered for
sale in @ monner similor te TV ontennos in that the menufocturers aren't olwoys
Inclined te gquote performonce specs in o way that you can eosily know whot you're
getting, ner compars ane antersa to the next. Sometimes getting goln ond F/B ratics
for directlonol ontennas is like pulling teeth.

Mast hobbyisis s=em ta think that goin is the big deal about dlrectional antennos,
and oppeor to be litkle interested in the F/B ratie even though it moy well be mare
worthy of comsideralion than the galn figure. Fer example, if you live near o YHF or
UHF repeater site or o high powered transmitier, your recelver could be plagued with
intermed ond strong signal overlead (interference) which would “desensitize” yaur
recelver ond impede heoring distant signals. A directionol entesna can be positloned
with its rear to the source of irderference or strong slgnal o reject enough of the
unwanted signol for your sconner to perform normally in other dicectlons.

When shapping for o sconner ontenns, you need commen sense and a little
knowledge, Here is some ontenno lere ond hord, eold, broszs rocks: Omnidirectional

artennons Tall inta thres mokn cofegories-—

A. Groundplone, distinguished by one or more parallel, vertieal elemeants of varylng
lengths, plus three or four herizontal er droaping rodiol elements spoced 1207 ar #0
oport, respectively. Cooxiol coble feed is normally ot the bettom of the wnienna, just
under the harizontal rodiols. Generolly, the greundplans hos the highest goln of orni
antenting at up ta +3 dB. Certaln deslgns con opproach & dB gaoin, but most omni
antennos marketed for sconner users hove 3 dB or less. Bondwidth of a typleal seonner
groundplone (such os Rodic Shock 20-174) Is relotlvely norrew, but with the oddition of
extra {two or more) vertical elements {such as the Rodio Shack 20-014), bondwidth con
he mueh wider.

B. Dipole is o single clement ontenno separcied In (or neor) the cenler by on
Insulater. Coaxlal coble feed Is ar the Insulatar. The geln of a dipole is low (-2 dB),
and the bandwidth iz relotively norrew compored te groundplenes ond discones. The
bondwldth of o dlpole con be exponded with o lirtle lass of gain if the feedpeint iz
maved off-center. An exomple of on offset dipole is the Grove "Cmni” (Mode] ANT-3).
Later In this chopter ore some home construction projects for off-center dipoles.

C. Discone, which is chorocterized by four to eight horizental rodicls ot the tep
with an egual number of elements conmecten below the horlzontal sectlon which droop
or slope downwaord and outwaord at an ongle. A discone is the widest bonded of the
omni closs of antennas, but olso the lowest in goin {0 dB). A discone sometlmes has o
single werticol element mounted obove the horizontal rodicls, which increoses VHF
"low bond" {30 to 50 MHz)} porformaonce without socrificing performonce on the higher
bonds. An example of the lafter ls the ICOM AHZ000. Radio Shack's 20-013 is o
discone, but without the vertical element. Later in this chopter is o medificatlon 1o
expand the bandwidih ef the Rodie Shock discone. Anether populor discone having a
vertical element is the Polomor D-130. Discones for sconners ore typicaolly rated to
parform from 25 MHz te 1300 MHz.

Directional entennas for YHFE/UHF are generally confired to two categories:

A. Yagi-Udno, uvsually called simply o "yvogl," is choracterized by a single, horizental
"ooom" used a: the mountlng structure to support three or more vertical elerments
perpindicular te the hosm ond spaced ot vorying (but eritieal) distonees apoct. Yagi
ontennas offer high paoln and good F/B rofla, depending upon the number of elements
erd overoll desige. Without speciol design techniques, yagi anternnas ore relatively
narrow bonded. Maony componles moke yagl antennos for the commerciol VHF and UHF
markets ond these con bo preszed into service for scamners, if norrow bond cperotion
is satlsfoctory.
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One af several commerclally availshls fiscones
avallacle Lo the scenrist fac bast stetion use,
Trese arve amnl-direclioeml bepes,

B. Log-periadle ontennos, at first glonce, look similor te yagi types. Hawever, they
have moany more vertical elements thon yogis, ond the elements are equaolly spoced
opart, with the ones at the front being radically shorter thon thaose in the middle end
the other end. Yagl antennas hove different spocings between the elementsthe lengths
of which wary wvery slightly from one element to the ofher. Unlike with the
log-pericdle, o yogl's elements-- when seen fram o dlstance-- appear to be about the
some length. Leg pericdics hove lower goin and lower F/B rotio than yogis, but much
wider bondwidth. Oweroll performonce is proportioral te the number of alements.
Seanner users don't have much to zelect from in this category of antenno, but Orion
Hi-Tech and Hy-Goin/Telex distribute severol models.

atill, the discone, remoins the be:t overall ontenna for the overoge to serious
seonnel owner If enly o single anterna is possible or desired. Ideally, you'd want 1o
use a separate antennc for esch bond of frequencies to be monitored-- but owners of
widshand receivers wowld be hord-preszed to erect flve to ten special ontennos, with
the recessary switching orrangements that would be reguired. Therefore, the discone
comes highly recommended, and It affers the plus of presenting a flat 50-chm load to
the sconner ocross its entire bondwidth., Thizs is a strong plus since ather ontennas
touted as belng "wlde bond" are often netorious for vorioble and uncertain impedance,
gdepending upon the band and the onfenno design. This con be the source of mojeor
performance lass far eritical situatians.

TY Antermos for Sconners

If you howve the spoce ond the budget, o directional anternno wauld be o hondy
odditlen ta your monltering post for same situations. If you want to try o directionaol
gntenna of o modest cost withouwt getting in over your heod, your best bet might be a
TV/FM antenna!l Yes! Look af it this way, VHF TV ontennas are designed far FM
broodeast plus TV Channels 2 through 13 which are:

TV Chaonnels 2 1a 4= 3 ta B8 MMz
FM Broodcost = 88 to 198 MHz
TV Chamealzs 7 1e 13 = 174 ta 214 MH=

TV antennos with UHF copehbility in oddition to YHF include:
TV Chonnels 14 ta B3 = 470 ta 870 MHz

Therefore, on ordinary cembo VHF/AJHF TV plus FM onfenna could be o perfect
second ontenno-- with o slight hitch. In order to recoive the harizontally pelarized TV
and FM broodcost signals, TV ontennas are designed to be mounted with their antenna
elements In a horizontal plone, that s, paorallel with the ground. VHF/UHF
communications signals, however, utilize verticol polotization. That meons the TV
antenmn must be retared P07 ro be correctly positioned as o scanner directicnal beom
antenno. This is cosy to do-- Instoll o 2 te 3 faot "most” section in the TV ontenno
mounting brocket. Turn this mast so that It s parollel with the ground (ond the TV
elements perpindicular to the ground) ond balt the short most to a normol, vertical
most section or the bp of your supparting structure, sueh as push-upflelasesping most,
or whatever). The bolt con be a simple U-bolt.

An ideal "starter" TV ontenna for your scanner could include Rodio Shock 15-14841,
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15-1642, or 15-1643, OF course, you could go on up the list with any of their severol
high performonce, deep-frings madels, oo,

There ore three imporfont considerations if you use o TV/FM ontrno os o scanner
beam:

A. Install the TV ontenna in o verticol pelerity os described, ot leost Z-feet oway
{off to the side of) from the main most or ontenno support.

B. Instoll @ motching fronsformer (balun} right at the terminals of the TV ontenna.
This is on edopter te match the terminals of the antenno to a ceoxicl cable downfeed.
The balun hos o short pigtail of "flat leod” on one end and a femole Type F connector
on the other end. Use RHodic Sheck's 15-1140, 15-1143, or equivalent.

C. Use good quality cooxlal coble ond connectors in your downfeed. One very useful
setup could include 50-feet of preassembled low-less ecoox with Type F connectors
(Redie Shock 13-1324, for exomple, or equlvalent). One end of this coax will connect
directly to the antenna at the balun matching tronsformer mentioned in Step B. Run
the coox down to your station and use o Rodio Shock 278-251 (BNC to Female F
Adopter) on the scanner end of the coox. The odapter then easily connects to the
BNC connector used on the back of just about oll cutrently mode sconners.

Mote: Even if vour scanner doesn't use a BMC fype connector, Rodie Shock hos
o wide selection of adopters thot will motch the Type F eonnector en the cooxiol
cable ta most types of ontenna jocks found on sconners.

Maturally, you'll want te be oble te peint your ontenna eround a 3407 azimuth, so
put o rotater on your shopping list. Rodio Shock's 15-1225 should bondle just obout
anything but the wvery lorgest monster “scanner beams.” Here's a hint when you've gat
a rotatable beam-- when they expect high winds, peint the beam into the direction of
the wind rother than permit the wind to hit the antenna broodside. This presents the
wind with the smollest possible surfoce area vpon which te blow, ond ir eould well
save your antenna from being domaoged. Of course, If you live in o rural area ond most
of what you wont to hear in one general direction frem your station, then Forgat
about the rataror. Just lnstall the antenna sa thot It's aimed at the action.

Installing Antennas

Sconner antennos are wsually light and fairly compoct, se o goed support is the
common telescoping most that TV anternnas ore mownted on. As fowers and masts ga,
It's a rather inexpensive woy ta go, ond it's eosy fo work with. A major disodvantage
is thot it meeds guy wires ot the joint end of each section. Putting up fifty feet of
telescoping mast 15 going o toke the best efforts of several agile people ond §s hardly
to be consldered something you're golng fe de on a Saoturdoy morning. A
twenty-footer, however, is a snop. Your job is to determine what you con afferd, what
you know how e da, and what you hove te wark with. The key s to moximize.

For instonse; I've seen some 30-foot telescoping mosts installed aof ground level,
which 13 easler thon putting one on the roef. But, In some of these Instonces, o
20-foot mast installed on the highest part of the house would hove been higher ond no
more complicoted. Sometimes: biggest doesn't always meoon best. Instoll the best
antenna yeur budget will permit, and de it os high s §s safe and reasenable.

Constructing/Modifying Antennas

A, Rodio Shock Discone (#20-013). The useful performonce bondwidth of this
ontenna can be extended down ta 25 MHz with o slmple modificatlen.

Flrst, wou muost undaratand thot the published specs for this onterno indicote o
bondwidth covering 25 to 1300 MHz, but referencez and performonce curves are not
avoiloble so the clalm s hord te refute. My own sxlenstive tests ond evaluations of
this dizcona suggest that performonce folls off rather shorply below 100 MHz. Thiz is
understandoble whan the Rodie Shack discone is compared to others (such os the [COM
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WHIF HELPS Aodizranz antesna |3 Ideal “or mznitosing be 25 to 1300 MHE aras

25100 Miz ul the samstrumy, howsvar unless the antenna soorts a wertlcsl
elament at s top, cowecage below 100 MHT may soffer, In

fact, you mibght 2ven be able fn add thls vertical element t2

same- dlzoanes thal didn’t bave it a5 pact &f frelr oolglnal desige.

Ye2 the texl Moo ore informrat]on.

STh. DISCOM

AHTOOD) that offer similor bondwidth specs. IF you lock at the ICOM unit, howewver,
:,mu‘]l Quag 3 I‘}rpitn| i s e .-|.|"|-|::||:j:l|:, bub alsa a 5i.|‘|-g||:‘ s lgaded verticnl =lemesl Rl
rises obove the eight horizontel top rodials, It is this extro vertical olement thot
contributes to porformonce below 30 MHz, The Rodie Shock discons dossn't howe this
elament, so reception n the 30 te 50 MHz sconner bond suffers.

This shortceming wos discovered when my Heolistic PRO-2004 and discons comba
eouldn't do wary well on 27 MHz CB, the 28 MHz ham bond, or the 30 to 50 MHz
scanner band, &Il sock: of test: ond checks on the antenno wers tun, bot o
rmalfusction wes Fourd. Thea 1 jua.l h::rjpl:n:d taa pobiee haw o CI‘JIJ':I'.H' af olther discens
models had that extra vertical element. A probable sclution loomed on the horizon.

The remedy wosa't very difficolt ond there moy well be several other ways fo
appreach a solution. At the top of the Rodie 3hock discone (just obove the eight
horizontal cadiols) is o block plostic cap that [ semoved to reveal o male 3/8"
threaded stub! Wil wonders never ceaze? A wonderful ploce to mount a wertical
clement of some kind.

&An el-cheapo, no-brond, bose-looded CB maogner-mount whip antenna was salvoged
for the job. The bose-leod coil ossembly was unscrewed, tetoining the stainless steel
whip ond bose-lood eail os o unir. The mog mount bose ond coox ossembly was
discarded, There wos o femaole threoaded unit recessed up inside the bose-coil ond if
oppeored to be @ maotch for the threaded stub ot the top of the discone. The threaded
sfub an the discone waos only abour " long and didn't protrude for enough Into the
bottorn of the base lood ceil to mote with the femole threods. Thot prableam was
eazily sclved when 1 threaded o short female 3/8" union on to the stub ot the top of
the discare. Inte the unlon went a short plece of male 3/8" threaded stock. Presto!
The CB bose-lood antenno neatly threoded down for o perfect fit otop the Ruodie
Shack discone.

The medifled joint wos then weotherproofed, the ontenno was reinstolled, and
ancther series of tests ceonducted. Zure enough, low band VYHF, CB, 28 MHz ham
signnls e |:||_'|::rn|;::|'i|:n.'.|]|.1l,r i.rnl::ll el [D'-'t;'.:l o I::IE!] all (T he WLy dewn to 25 MHz! "Bafora
and ofter” comporisens indicoted thot performance chove 50 MHz didn't sutfer
becouss of the metificatian.
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fAn assprbnent of antensas for handhals scamers.
The slock rubbprized ones hat corme with soms
seannals don't always do & great Job, Telescoping
rrtal whins works betber bot are prone e gelilyg
darmages with normal endheld use, High
parformance rubbierizes teglecemnant whlps ars o
gaod comproenize Tar we in the flald
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As mentioned previously, there could be other woys of occomplishing the some
thing with goed resulbs. The key s to maks wse ef the mole 378" threaded stub that
sticks out of the top of the Rodio Shack discons, Some kind of coil, CB bose lood, ar
whaotever you con morufocturs, should be ottached to this stub, A whip not more than
3 to 4 feet long sheould be attached to the top side of the ceil. Experiment with bath
the cail ond the length of the whip to moximize the perlarmonce of the discone for
the middle of your foverite VHF low-bond— or for obout 40 MHz if you don't hove o

5p|:l;i.q:l faverite. The rumber of tures ond Bhe 5r,||;:|:.ing b tween The turns af coll con be
varied for the soke of experimentotion.

B. Rubber Duck antennas supplied with handheld scanners cre semetlmes those 4
er 7 inch fvpess which are rather poor performeors. With its flexibility ond durchility,
the rubberized entenna [z probobly your best bet if you are “on the move" with your
hardheld scorrer. IF you like the convenience of o rubberized onterno, you com
probably improve reception by replacing your stock & or 7 inch rubber duck with a
lbﬂﬂnr, hleﬂl:.nl, Iap-ln-nd::rl high :Fﬁl;il:ni;:r' urit such as the CRB Sconfenno.

If wour hondheld scanner is in wse, but rmot on the move, you can try a semi-rigid,
IE[EECL‘IP[HE rod bype anfenna. This typs af antenna pmlmh]:,r fsn't going to stond up
well when you're on the go with your hondheld sconner, but will provide good
receptlen dnd service when yaur sconner is in wse on your desk ot the home base.

Radio Shack offers two telescoping rod whips with BMC connectors, 20-008 ond
I0-00B. Grove offars their ANT-BE. Al are guqd pl:rEm'rrli:rs,

Experimenters might want to build their own. You need o mole BMT conrector ond
a replacement type, telescoping rod ontemna, a little resourcefulness ond ingenuiby.
I've made o dozen ar se now with greot success, The secret is to use "S-minute epoxy”
in the base aof the BNC connector ofter the red ontennc hos been soldered to the pin
of the BNC connector. The spoxy imsulates the whip from the ground shell of the BMC
connector ond olse provides strength for the bose of the antenna. Afrer It hos eured,
the spoxy bose con be sonded ond polished for appearonces.

Post ony telescoping rod ontenmo (such as Rodie Shoclk 270-1401) con be used so
long os you con flgure cul precisely how to connect the base of the rod antenno to
the certer pin of the BMNC connector. Generally speaking, the langer the rod ontenana,
the hetfer. Also, the more sections in the rod, the betfer. That way, when Aot in use,
the antenno may be collopsed down Into a short length. An extended length of 30 to

40 Inches is obout right, ond the number of telescoping sections should be flve or
moTe.

€. Al-Occasion, Portoble Base Stalion Antenno. Here's on effective sconner
antenno (off center-fed dipole) thot can be easily fabricated for a few bucks. It's an
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Tha Growa Ol enkenng is an offcenter fod dipgle. Feeding a
dipate tff-carter adds some axtea fesbures o the trusty ol
cipote ceslon, 52 the text for forter Wnfarmatlon.

excellent ontenno for apartment dwellers, for temporory field vse or for emergencies.
It con be rolled-up ond tucked owaoy as o spare or bockup for o time of need.

1. Get o 300 ohm-to-75 ohm matchlng tronsfarmer suel as Rodis Shask's 15-1140,
plus a short length of preassembled RF/videa cable such os Radio Shack's 15-1530 (8
fr.): 15-1531 (14 fr); er 15-1534 {25 f1.).

2. Solder on 18" wire (14 to 22 ga.) to one of the flat-lead termirols of the
mintehing tramsformer.

3. Solder o 48" wire (14 to 22 ga.) to the other flat-lead terminal of the maotching
transfarmer.

4. Carnnect one end of the preossembled RFfvideo coble to the screw-on Type F
connector slde of the motching fransformer.

3. Connect an adopter designed to mote your scanner’s antenno jock te the Type F
connector at the other end of the preassembled RF/video coble. If wour sconner has
the currently popular BMC type ontenna jock, then you'll wont Radio Shock's BMC

male-to-fernale #278-251.

& cusle of apsily seailskie comporents can oet
put together to mexe sn aff-centar Ted dipoie
wou'll peed same Fo<99 cable, 4 BNC-Lo-F fernala
adaptar, a T¥ meiching trassfoomer, enc possihly
g right srgle BHC adaptar.,




4. Connect the odopter-end of the preassembled RF/video coble to the antenna
connectol of yoUI scOnner.

7. String out the RFfvidec cable ond position the two wires of the ontenna end on
end with respect to each other (o stroight line), and then pesitien the entire ontenna
mssembly straight up ond down, perpendicular o the groundfsky. The RF/videc cable
will "feed" the antenna in the middle. Tho ends of the anternao can be secured o a
wall with thumb tocks, or te o tree with whatever's hondy-- string, fubber bonds,
poper elips, nails, wlre twisters, ete,

Mete: Put the antenna up as high os you possibly ean. Either the leng wire or the
short one canm be on tep; yeu con awitch them around to see which glves you best
results. You con even experiment with different lengths of wire insteod of 18" ond 42"
lenpths ns specified bere. Just don't eut the two wires the same length or sven close
because then you'll have o narrow-bond dipole. Chonces are that you'll want this
| antenna  to cower as much of the VHF/JHF spectrum os possible, ond rodically
different lengths for the two wires brooden the bondwidth of the deviee. When
experimenting, use longer lengths for rhe lower freguencies and shorter lengths for the
higher freguencies-- but den't go shorter thon 12" or longer thon 84" for either wire
| or you'll run Inte o point of diminishing returns.

- FPerformonge note: Mot long nge [ built one of these antenmos using o 4-ft RF/video
cable, BMC/F adoptor, maotching fransformer, with o 24" alligoter clip lecd far one
“Neag" of the onterna, and twe 24" clip leods In serles for the longer "leg." When
connected ta a Realistle PRO-34 hondheld sconner en my service bench, the 162.55
MHz MNOAA weather stetion in Los Angeles {100+ miles awoy] come beaming ln,
altheugh It had not been accessoble using the whip supplied with the sconner, and only
| marginally wsing o telescoping rod fvpe onfenna.

I 0. Another Indoor or Emergency Antenno. If your rescurces, tools, and time are

sewarely limited, here's oncther one of those ontennos that's quick, will wark in o
: pinch, and does o reasonobly good job. All yeu need is some wire, o piece of RG-58 or
[ R-59 conxiol cable ond the oppropriote motching connector to mate with the ontenna

i jock on your sconner. For convenience, the followlng ore the Raodio Shock stock
numbers for either conx ond proper motching BNC connectars:

I RG-28 coox cable: Z78-1324 EMC male conmector: 278-103 or 278-185

| RG-59 coox cable: 27B-1327 BHC mals conmector: Z78-104

|||F The coox can be any length. If zeveral feet or more, you'll have some chility to

' vary the helght and make position odjustments.

||| Method 1--

1] 1. Attoch o BNC connecter to one end of the coax {er other oppropriote connector

I to match the antenna jock on your aconning recelver).

2, Prepare the loose end of the coax by trimmlng off ohout 3" of the block suter
) insulation. Comb or corefully unravel the exposed shielding conductor; seporata it
from the euposed center conduelor and twist it together. Strip obout 1" af the white
inrer insulotion frem the center conduetar.

3 Install an 18" wire (solder it ar moke o mechonleal spllee) to the coox shield thot
you twisted together in Step 2.

4, Install o 48" wire [(sclder it or maoke a mechaonicol splice to the coox cenfer
[inner] conductar.

5. Stelng out the cooax cable ond position the two wires of the ontenna end-on-end
with respect fo cone another (o straight line), ond then meount the entire antenno
nssembly In o vertical (upfdawn) plore. perpendiculor te grouvnd/sky. The coox coble
will feed the signals to wvour sconner. The ends of the antemna can be secured to o
woll with themb tocks, or to o tres with whatever's handy.
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Moter Meight, position, ond lengths of the wires moy be experimentsd with for
enhanced performanes an frequencies of porticulor Intereat.

Merhad 2--

This technigue requires only a sestien of coox (RG-58 or RG-59) at least tem feel
long and o BMC ar other oppropricte connecter to mateh the anterna jack on your
sconner, Wire, selder, and spliclhg ere net regquired.

1. Attoch the appropriote BMC connector to one end of the coax (or other
comnectar Fo maotch the antenna jock on your sconner).

Z. At the free or loose end of the coox, mensure back teword the connector exoctly
48 Inches. Carefully cut er slice the hlock outer insulotion in a circle oround the coax
at the 48" point-- without nicking or cutting the lnner broided shisld, Then, slice
threugh the [nsulation, lengthwise, in o straight line for 48"-— oll the way baock to the
free end, ogeoin without nicking or cutting the lnner broided shleld. Remave ond
discord the block cuter inswlation material.

3. Mork o peint 30" from the froe ond of the coox ond carefully cut o clip through
the ocuter shisld braid wntil it comes free. OO MNOT cut Into the lnner insulatlon not
the Inner {center) canducter. Remove ond discord the 30" loass section of shizld braid.

4, Bunch wp or locson the outer shield at the 48" point where the insulation was
rermaved in 51'4:1[:- 2. Use a Aall or ofber p-g:irll‘l:d nﬁ:jl:i;f b "work" an npﬂning irta the
shield broid. Don't cut or damoge ony of the wires in the broid, just seporote the
brojd wire bundlas so thet o hole forrs, ond 20 that you con see the inned insuloted
wire.

5. 3lip the noil or a thin pointed object into the hole ond under the inner wire.
Lsimg laverage, pry ond earefully work the center wire out through the hole Foremed in
the shiglding broid. Once you get it extrocted o couple of inches, o loop will form
which con then he pulled the rest of the woy by bamd. Pull the 48" center wire out
through the hele in the shielding broid, taking core mof to damoge the shield.

é. Pull (stretch) the shielding brold In ene hond ogalnst the now free inner wire in
the other hand. That's it, you're done. String out the coox coble end position the 187
free brold ond the 48" inner conducter end-on-end with tespect fo each other |[a
stroight line), ond then position the entire assembly perpendiculor to ground and sky.
The ends of rhe aontenna may be secured to o wall with thumb facks, or ro o tree with
anything hondy. Connect the coax to your scaonnor and you're set to menitar.

Coaxial Coble (Feedline) & Connectors

Any disevislen of ontennos colls cut for some ottentlon olse given to the feedline
between the ontenne and the scanner. You con hove the best anterna oveiloble, but §f
the llnk thot connects It to your sconner isn't any good, then the ontennc itself isn't
any good. 1f's a3 simple s thot, You moy quoke me.

Ceoaxiol coble: can be compared to automebiles: there are all kinds, sizes ond
prices, and generally, you get whot you poy far. All feedline, ne matter how good, has
signal less. In other werds, o certain level of signol is deposited by the ontenng inte
ane end of the eoble, but by the time It comes out at ather end, where the scanner is,
the Ehengfh of the s'i_gnul is lower. Good coaxiol cable has a let less of rhis loss than
poor of even "averoge" cable, you you'll do well fo get the hest you con affecd.

Ler's srort with what you don't wont: RG-38. Mever, absolutely never, use RG-38 in
tha mormal eourse of operotlon os the coox of choice ot your monitoring station wnless
its length is less thon 10 to 15 feet. RG-58 hos tea much lass ot YHF/UHF, ond
there's little sense In loslng 75% ro #8% of the signol before it even gots to your
scanner, and that's exactly whot RG-58 coble does, sspecially at 200 MHz and up!

All coax cables are freguency sensitive; that is, the slgrol losses Increose os the
frequency incroases. For exomple, RG-58 coble con be odeguate for your 100 kHz te
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varlous 53-chm cpaxial cazles don't come ol Lhe
same prica ror offer She same service bo the
scannar usar, &b the left boog iz Heliss hamtling--
l='|-.'il:l:| soul” bub expansive atd dlrficolt L2 wors

wilhe Over Lowands he cighl are Lypes ke RGE-5E,
which are cheap, They alwo wok poocly ab ¥F and
LEF lMreguencies,
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30 MHz communicotions receiver, or your 27 MHz CB operations, but it just doesn't
cut the mustord for scanner use. Write thot down.

But, there's o problem for mony sconmer owners whe just don't keow where to get
tech products iuch ns coox coble except ot Radio Shack., While Raodio Shack does have
on enormous number of products of good prices, ond it's convenient ta shop thers, the
serious sconnist sometimes Tinds the need for speelolty Items that oren't ovaelloble at
Radia Shack. Thiz iz especially frue when it comes to scanner ontennos and cooxial
cable. But cll is not lest! Bear with me.

Sconning receivers ore deszigned for 50-ohm coox coble and 30-cbm ontennos, and
we generally try o stick with thet stondard, byt far rgr.:el'n.re-anl}r nppl!:mlans whera
loss in the coox 5 more impoctent than 530 or 75 ohms impedonce motching, then
Radia Shack does hove o cable of infersst to you: RG-5% ond RG-4. These are 75-ochm
types ond ore normally used with wideo ond television, but they're octually better for
sconners thon the 50-ohm coox types avoiloble ot Rodia Shack. The lower loss of the
RG-5% ond RG-4 will maore than make up for the slight impedonce mismaotch coused by
the 73 chm coble, | wse the stuff myself in certoin instonces ond it warks flne— runs
rings oround RG-58 ot sconner frequencies.

Radia Shack"s HG-E.I"M and RG-8 can bhe uzed 'F-tn' seprfers I\ same |.r"|.ﬂaI'l!'l.l'l-\:EEll bt
these cobles ore thick and therefore difficult to ottoch to BHC connectors, and they
da hove more loss thon RG-53F or RG-4. If you're net o perfectionist, but srill wish to
minimize signal loss in your coox, then [ suggest Rodic Shock's preossembled 50-ft,
cable os mentianed uvader the TV ontenno discussion. Ir's good stuff end you con pick
up whotever adopters you require to mate this coax to your ontenno and scanner.

For the totol purists ond deadly serlous sconnists, Rodle 5Shock will hove to be
torsaken for o trip downtown in a lorger city to on electronics distributer who hos o
cogxlal cable selectlon, or elss loak through maoil erder cotolegs avallable from
communications eguipment deslers. [f your interest in VHF/UHF monitoring extends
into the 1000 MHz region, then the only way to go ln style 1s with what Is caolled
"hardline” or "heliax" cobles. Hardline cables are made by o number of companies
Including  Andrew  Corparotion, Cohlewove, ond  3cientific-Atlonto., The Andreew
LDF2-504A is o good, all oround hardline, ond is roughly the same physical size as
R&-A. .'!'.J.E--::l|I 11 §s nat quH‘: (1] |:1:|.'|.1'|.}l an the ll;:rg:-r kel iress..

Hordilne coax Is difficult te work with, hawever, beecause it 1s relatively
rigicd ond the cennectors are wvery speciol exotic fypes thoet cost o king's ransom.
Hardline is expensive, too, starting ot $2 per foot and going upward from there. Some-
times hordline and [ts osseelated special connectars ean be purchosed ot reassnable
prices on the "militory surplus” morker, but most of the time the cost s beyond the
meonns af fhe overoge sconner wser.
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Table 2=2
A COMPARIEON DF COAYIAL CABLES |

CABLE 0.o. LOSS PER VELOCITY %
MFER 4 TY¥FE [(Bigel 1Ga-¥& (dB) FACTOR SHIELER RATIHG
Rndrew LODFS-50A .B75 5@ HHz: 0.25 B7% fnrs Superiar
[(Hardl e 18@ KHze B.I7
488 HHz: B.7S
10838 MHz i1.58
fAndrew LDF4-S80 - SE@ 5@ MHz: B.4B HE% L@ Supertar
[Hardlimo( 1@ MHze DB.LB
408 HHz =1
18E@ MHz Z.34
| ]
Andrew LOF2-5068 « Al S8 AHzs HW.75 HE% LB Super i ar
Hardline: I8 MElz: 1.85
408 HHz: 2.14 | |
1888 rMHz= . 05l
Beldan SFL3 L o8 HHz: B.70 a9 LE@ Excellent
IFE-B similar) L@@ EHz: 1.4@
400 HHEz : Z.a8
1AE@ HHz: 4.5B
Beloen EZ§4 A0S 5@ HHz: i.Z@ TEY T Wary Eood
{FE-E simlliar) LEE RHze 1.B&2
408 HbE=:  4.20
1ABE MHz: 7.0
FRadio Shagk RE—A - ah& o8 HHEz: .23 THYL 7 Sood
LB® HHze 1.8
=SHA HeE=: P
FHEE HHz : B. =B
Fadio Shack RE-S% -Z2aT Sl MHz: 1.2a Tax 7 Falr
188 HHz: 2.908
SBB HMHz: 7.58
P08 HHz: 10.53
Radio Shack RO-8 il 58 MHz: 1.7@ ¥ 7 Marginal
138 Hhz: 2.5@
230 HMHgE = &
IBAR MHz:; 12.8@
Radio Shack RE-G@SH . 242 58 MHzs 2.20 =k 7 Hargimal
188 MHz: 3.83
@A MHz e |
1823 MHz: 13I.E2@
Radia Ehack RE-5H - = FHz e 4. Q@ Tk 7 FPoor
1038 PMH=zx: . =3
R MHz: 1200
LA MHze 22,808

T = Radio Bhack do== not specify Ehe percenl shigldlng of thelr coax.
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Mo problem, for there are sotisfactory alternatives te hardline that oppeol to even
some purists. Belden mokes o wide assortment of wire ond caoble, and two vorieties
ore especiolly of interest for those instolling o high-efficiency monitoring station.
Refer ta Toble 2-2 far types ond charocterlstles of o number of cables {including the
twa from Belden} so you con compare for yourself.

There ore four specificotions of interest for coox: diometer or size; loss per 100-ft,
ot wariovs frequencies; veleelty foctor and percent shielding. The maost important
specifleation Is lass; the leost Important is velocity foctor, Rodie woves travel at the
speed of light in free spoce, but they slow down when they hove to move along o
coble. Velocity focter is the percent of speed of light ot which the coax will conduct
RF energy. The percent shielding iz important, but con be disregorded if loss is
carefully considered.

Mow wou need to knew the importonce of "dB less." The following table converts
"dB loss" into percent loss, which is easler to understond:

Table 2-%
dB LOBE to PERCENT LOSS, CONVERSION

dH Fercent dB Fercent
Logse = Loss Loss = Loss

1 21 B =4

=2 i g ey

X SB i@ ]

4 &[0 12 g4

] 4B 15 o7

& Fa 28 Qo

7 8a 25 89,7

Con't let thls boggle youw. In radls, lesses are more tolerchle than the same
percentoge token from your waollet or from your dinner plote. Lose half of your money
or haolf the food om your plate, ond you've definitely got a problem. But lose holf of
your radio signal and the rodio eon hordly tell the difference! I'm thinking ohout "3
dB8" of loss, which (even though a 50% loss) is reletively insignificant. The rodio just
borely recognizes it. For exomple, if o distant transmitter reduces its power by half,
your rodio will will scorcely be oble te tell the difference. The some maorginol effect
aceurs when half rhe slgnal [s lesr In yeur esox coble—- but you know that ot least
sorme of It 1s golng ro be lost there onyway, ond that's all there is to it.

The idea rthen s te reduce ond minimize thot less. 50, to put things info
perspectlve when you look over the coaxial comporison table-- at over 7% signal loss,
you can see why you might not wont to use RG-58 for 800 MHz ond obove! Even In
the 118 to 137 MHz VHF aqircraft bond, RG-58 losses will be 75% ar more, and that
starts to becorme significant.

Another thing to pay ofttention fo is length. Table 2-2 incicotes losses in coox
cobles per 100 feet. Well, 100 feet is o lot of coox, and mest scanner installatlons
prooably need less than 50 feet of cable. To determine your coble's loss, divide the

"dB loss" figure by 100, then multiply by your caoble's exoct length. That will give veu
the dB lazs for the coble at your oawn statien. Then, refer ta Table 2-3 to find your
approximote losz in octuol percent of signol. If you're losing more thon 70% of the
signals on o frequensy in which you are partleulorly interested, then you should
serlously conslder upgroding wour coox by one or tweo levels.

Based wpen Table I-I, which compores cooxlol cobles, my suggestions fer sconner
cooxlol cobles are shown In Toble 2-4.
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Table 2-4

CHOOSING YOUR COAXIAL CABLE

TYFE OF SCANMIST USE THIE TYPE

YOU &RE: dF COAaX CABLE:

Frofessiconal “"purist": Andrew LOF4-50A or LDFZ-S5BA
Dedicated hobby "purist™: Balden 9913

A wery serious hobbyist: Belden =214

An interested hobbyist: Radio Bhack RG-&6, RG-5%, or RG-B

A casual hobbyist: Radio Shack R&5-&, BG-5%, or RG-B/M
Occamional hobbyist: Back—of-the-set antenna % no coax

Connectors & Splices

Here's something else to write down: MEVER splice your coox! Splices rvin coble
ond destroy its charocteristics, nat ta mention croate intalerable losses, There are twe
kinds of splices, ond whotever results fram either one won't be good. One is where
you solder the ends tegaether and then wrop tope araund the cut. Mever do thot! IF
your cooxiol coble is too short, don't splice in o little more. Replace the whole thing
with @ sectien cut to the proper length,

The second splicing method lsa't quite os owful, bur It sheuld srill be avelded
because of the losses that will result. This opproach inveolves joining two sections of
coox which olready hove male conmnectors instolled on the ends. A "barrel” coupler
lsueh o8 Rodie Shock 278-134%) is used to jein the twe ends together to moke one
longer sectlon of coble. This might be OK in o pinch far temporory wse, but remember
that it's still a splice ond aoll splices odd thelr own shore of unnecessory extro loss.

All cennectors have extro loss, too. You just can't get owoy without o minimum of
two connectors on your coax, ane of each end. Yeu're stuck with thase, but add mare
lozs from splices, other equipment hooked In-line, ete. ond you definitely will poy a
price. The tetal lesses con add up to something that would shock you!

Quality and type of connectors olse mokes a difference in performonce. Until o few
years age, most bose station sconners were mods with se-called "Metorelo” jocks tor
the ontenna port. These connectors moy be dondy for your cor's AM  broodcaost
receiver, but there is o loss in them at VHF/UHF frequencies. Even the popular
PL-25%/50-23%9 canmectar comblination that's vsed In ham and CB rodic has serlous
limitations at UHF frequencies.

It's no exotic frill or o plot by o rodical engineer thot coused the ICOM R-7000 to
be designed with a Type N connector at the antenno port, and otherwise mast current
sconners ta be produced with BMNC connectors. Type M oand BMNC connectors ore well
suited to YHF/UHF frequencies becauss they exhibit lower loss and  do nat fritter
away a little bits af that waluable signol you want ta heor! The point Is that any
mechanical connection between the ontenna and the input on fhe radia will consume
same of the signal that posses through it this in addition fo the losses directly
ossociated with the ceoox. Fer whatever it's worth, o 81% less from the coox and
onather 25% loss from poor or inferior connectors equals o 74% combined loss (75 4
.25 x .25%). 5o, when It comes to sconners, avold Motorolo plugs and jocks, and even
PL-25%/50-23% connectors. The best connectors for YHF and UHF, in order of
preference, are: Type M, Type BMC, Type F. The type of connectors mormally used
with cellulor telephones ond their antennos are Type THNC-- o cellulor antenno maoy be
used for general sconning the 808 to %12 MMz ronge if you mate the THNC connector
to your scanner's BMNC input with o Rodio Shack #78-144 odapter.
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Thesze cays, the scansislh rray Tind LE geafus 1o
cecome famllier wlth the varlous bypes ol coaxial
rormesiors, joleers, and adaphbars that wswally are
renuined when :|55r:f||l:-|5’“r_i a |r|-:|'|||_|'_|r||'|[_'| skacian.
ferms such as BHC, Typo £, Tyoe B, and PL-259
saont bacone a part of your Jergon.

A final note on the subject. Adapters really should be aveided whenever possible.
Yes, 1 know that I've mentioned their use sewveral times, but it must be remembered
that on odopter represent: aonother mechonical connection in the feedline that
confributes to the total system less. You might wish to consider, when possible,
ovoiding the vse of on cdopter by replocing the incorrect conmecter an the coble with
ona that correctly motes with your scanner.

Preomplifiers & Converters

For reasons stoted abowe in regord to losses coused by mechonicol connections,
converters and preamplifiers should be used with some knowledge of whaot's involved.

Converters are often determined te be necessory when you wont to recelve
frequencies for which your sconner [= not atherwlise equipped. Right row, one popular
converter, for instance, is ovoiloble thot permits reception of BOé to P12 MHz an any
scanner that waosn't designed to pick wp thoze frequencies, but which con receive the
404 ta 512 MHz stondard UHF/UHF-T bands. When net in use, the convertar may be
turned aff ond kept "in line” so that nermal sconner reception on other frequencies
con toke ploce. While it's true thot there will be only o slight signal loss resulting
fram 1t being laft in-line when not in vse, nevertheless it is o loss, no motter how
regligible. If you oren't going to be using the converter for any extended period, it
r‘l'llg:lh'r be Just s well bo cemeove it from the antenna system {and take cut the battery,
toa),

Freompliflers ore misvsed ond obused within the menitoring hobby. Wswally, you
shauld mever or rarely have o need for one, ond when you do it belongs mounted right
at the bose of your antenna and MOT ot the ontenna Input ef your sconner, The
purpose of o preamp iz to amplify signal ond boost [t over noise. A preomp instaolled
down in the rodio reom omplifies only whot goes [nte It, and thot includes weakened
by the coaox) signel, plus noise picked up ond created by the coax Itself. A preamp
installed at the bose of the ontenno won't amplify nolze in the coox, but will amplify
signals before the enter the coox. Down ot the other end, signol: ond noise will be
woakened by the coox, but the signal will still be over the noise by o greoter margin.
Thiz is the sum ond total key fo successful monitoring ond reception-- the signal-to-
neise ratio (3/M). It's always good to remember this.

There are other things you'll wont ro know obout preamps. At VHF freqguencles
{obove 100 MHz), man-made neoise grinds to a standstill and just doesn't exlst. Noise
above 100 MHz comes from several sources including the cosmos, the sun, and motter,
Y5, moatter.., you know, "stuff." All maotter produces RF from atomic ond molecular
octivity, Some 2luff gersrates more neise than other stuff. Below 50 MHz, the design
of preamplifiers lsn't too criticol, ond just obout anything will work te amplify signal
over noise. Mot so of VHE/UHF fraquencies,

3




Transistors  which  amplity  very well and generote very very Lttle roise ot
frequencies below 50 MHz stort re freok out ot 100 MHz ond up. YHF ond WHF
preamplifiers ore very critleal with respect to design ond cholee of components ond
materiols. Mat just anything will da.

There's another charocteristic of preamplificatlen that you'll want ta know about:
As bondwidth increases, gain decreases ond nolse Increases. This meaons thot it is
difficult to moke a low noise, wideband preamp with good goin for the 25 MHz to
13000 MHz portion of the spectrum. I'm not soying thaot it's impossible, just awfully
tough. 3o tor os [ know, no off-the-shelf product currently avoilable in the sconner
market con da the job with all of the stops pulled out. The specs af a proper sconner
preamp I'd like to hove ot my stotion ond yours ore shown in Toble 2-3,

Table 2-5
EFECIFICATIONS FOR A WIDEBAND PREAMFLIFIER

TERMINOLOGEY IDEAL SPECIFICATION ACCEFTABLE SFEC
Moise Figure: Less than 1.0 dE Less than 2 dB
Gain: Greater than 15 dBE Greater than 1@ dB
Bandwidth: 25 Mhz - 130@ MHz, S@ Mhz —- 12028 MHz

1 dB Compression: Greater than 28 dBm Greater than 12 dBm
Other Weatherproaf, ruggedized Mo change

for outdoors

Frice: Less than #156.00 280,00

The Moise Figure of a preomplifier is so very impeortant or VHF/UHF frequencies
that It con't be overemphosized. There would be little benefit in putting o preamp In
your system that contributes os much noize of its own as It omplifies signal, ond 1've
seen several scanner preamps thaot do just thot! These thot shine in the noise ond galn
departments. universolly hove onother problem with the "1 dB compression" specif-
ication. This one is too technicol to get into here, but what it meons in loyman's lingo
Is hew much intermod will be odded te your sconner when you turn the preomp on.
The blgger the fumber, the better. Superior commerciol preomps con be roted ot 20
dBm, so 12 dBm o5 suggested In Toble 2-5 should be o goal for the designers.

Az a rule of thumb, don't spend good money on o scanner preamplifier. [t will
probobly do you little or no good in o big city environment where hundreds of strong
signols con invode the preomp ond emerge os nosty, disagreeoble intermod to
effectively shut down your monitering. A rural envirenment where there are few
sighols of any kind, much less strang ones, con be on exeellent ploce to use o preamp.
But even then, the specifications given in Table 2-5 ore impertant. Get ons os closs
ta these ipecs os you con find.

The priority of specifleations depends on whether you're in o metro area or in the
boondacks. Our priority suggestlons are shown In Taoble 2-4.
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Table Z-4

IMPORTANT SPECIFICATIODNS FOR A PREAMF

PRIORITY RURAL ENYIRONMENTS BIG CITY ENVIROMMENTS
i Moise Figure Moise Figure
2 Bandwidth 1 dB Compression
z Galn Bandwidth
4 1 dE Compression Gain
b Price Firlco

Mote that in bath environments in_isn't the prime conslderation. If o preamp
fers orywhere betwean 7 ond "j{ gain, that will be sufficient-- you den't Feed

lots of gain. The vorlobles of Importonce ore Moise Figure, Bondwidth, 1 dB
Compresslon, ond Price. | put “price” ot the bottem of the list because there ore no
free lunches when it comes to electronic equipment and you usuolly get what you pay
for. You con foctor it in af o higher pasition if you wish, For the "ideol" habby
preomp we described eoclier, it's really a maotter of "beggors con't be choosers,”
anyway becouse that unit deesn't seem to exist presently ot any price.

Besides, the need for a preomp con be eut out or reduced by careful ottention to
loss-budgeting in the ontenna ond feedline, os | have cutlined.

Tips & Hints on Sconner Receivers

Later in this bock we'll get intoc the many neot things that can be done te your
sconnet. This section discusses some of the things cbout your sconner that ars worth
knowing.

For instonce, have you you even given ony serlous theught to the features you need
lor even wont) in a sconner? VHF/UHF radies are just like cors in that they come in
oll sizes, makes, models, ond performance ronges. You con't get arcund it. There's a
range of choices of oll these voriobles in the scanners maode todoy. Mormally, size and
price are wvaoriobles thot we rother pgracefully accept ofter the feotures and
performance criteric hove been selected. They're really the last thing to be foctored
infe a decision. 3ize, however, can be o very different foctor if we group oll
YHF/UHF radics Inta two classes: Boses ond Handhelds. Certoln hondheld seonners can
have all of the feotures ond performonce of certaln bose statlon sconners, but the
handhelds may be smaoller and less expensive.

There is reolly one odditional clossificotion of scanners that merits ottention:
crystal controlled. Scanners that require the use of plug-in crystols (one per chonnel)
are no longer of populor with the public as keyboord progrommable scanners. Thers
are stlll o few models an the market, but most hobbylsts would find lirtle justificarien
te buy one. With the crystals selling for cbhout 55 a pop, you'd have to add $50 to the
price of the scanner in order to monitor ten chonnels. A ten-chonnel pregrammaoble
will cost lasz thon on eguivalent crystal sconner. The maorket for Z-te-4 chaonnel
pocket of hondheld crystal sconners oppeors to be primorily weluntesr firemen,
off-duty low enforcernent officers, ond for certoin business or Industrial purposes. But,
on the whale, these units no longer are seen in use for general monitoring and  should
eliminoted from ony serious consideration for such purposes.

However, when meosurlng yeurself for g new scanmer, you da have much in the way
of features ond performonce to think about to get the unlt best sulted te tour
requirements. You can edd in size ond price where you think maost opproprliate.
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FEATURES, PERFORMANCE SFECIFICATIONS & VALLES

. FOR EVALUATING VHF-UHF SCEANMER RADICS

FEATLURES

Murber of Froguersy . Dands

Freguency Coverage of Each Dand

Total Fraguency Cowvesraga

Mumtar af Hemoey Channals

Hizvhier of Metary Thanre]l Hanks
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Display fquantity % typr of informatior in The readouts
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Marieal Owerride of Scan
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Fime TunbngsCenter Tuning for Search Mode lAutoratic or Raraald ¥ r
Cernter Tuilpg Mebtsr lor Other Capanlllity Ba fseurs Cantar Fregancyl ¥ ¥
Herory Retention (when powser is discoonectsdi ¥
Low Eattery HSeninder, Herory (Aesory Backupl Acoasbic or WVicualld ¥
Low EBattary Rancndar; Fowor Sourco (Handheld & Forteble Scannersl ¥
AC and OC Fowwrac 1Bass anoc Hobillel W
Tape Recorder Dutput W
Sigral Meter (S-nater| ¥
Headshone /Earphane J&ck ¥
Hobile Mounting Cracket ¥
Keyboard Lack Euitch ¥
Computar [nterfoce (AG=2321 W
Meather Alers ¥
Fatantial +or Oporator Acdidications [(Copability af User Upgraded ¥

FrOAHANCE L EPECIFICATIONE VELLE & LNIT
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Spuriouc Fejectian » dE jdectbels:
Spuelch Sen=itiviky 4wy {microvoite!
Aosidual Noi=a £ my imillivelts=)
Friarity Channel Sampling Rale 7 seconds
Scan Delay Times T seconds
Audie Dutput Pouse @ Walts
AL Power Comeunption 4 wWakts o va
IC Poswer Copsuspiion t watts or ova
Weight L Llbs or kg
Price L
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& gel-cell bathery pack and bricade charger. Tre
pack mansisks of two S-volt el oolls wired i geries
far 12 volts, The chacger can tun 3 to 10 amps.

Table 2-8 lists many of the fectures and performance specs you will have te select
from in choosing the redio of your needs ond desires. IF will be kelpful to understand
that "features" ore the occoutrements or functions thal came with the seanner.
Perfarmanee specifications aore o meosure of how much relotive valus those features
have In o scanner, and how well they warl, Table 2-7 provides a legend to asslst you
[n perusing Table 2-8, which lists thase features ond perfermonce specifications along
with a "value” lisr thot tells you whot to look for and whether "more” or "less” is
ideal.

There ore mony ways be use Toble 2-8 to help determing the best sconner for you,
or the best an the market. Ore way would be to assign a "peint volue™ (1 to 10} for
the relative importance of each item. Then, compare cll scanners in which you are
inferested agoinst Toble 2-8. Add up the ftotals ond your cheice might be maode o lot
clearer. Thiz information, ot the very leost, con prepore you te be on informed buyer.

Emergency Power For Your Sconner

Introduction: A scanner might well enhonee your chances for survival or well-being
in a disaster, crisis, or emergency sltuatlon. It Is precizely during such times that the
117 wolts of AT that normally pours forth from the sockets in the wolls of your home
may suddenly become either unrelioble or totelly nonexistent. DC power from battery
pocks, including outometive botteries, caon operote most sconners even if they weren't
designed for bottery operotion. If you ore prepored with ot leost o DC power coble
and [better still) a well designed, well thought-out battery pock, then you might be
gble to retoin contoct with the oufside werld In o time of emergency. Being prepared
might spell o difference for you, wyour fomlly, ondfor your community. Those who
survived Hurricane Hugo in South Caoroling, or the October ‘8% Son Froncisce/Cokland
area eocfhguoke know just what [ mean.

DC Power Requirement Anolysis for the Realistic PRO-2004. The maonufocturer’s
specs for the PRO-2004 scanmer state that the AC power requirements are 120 VAC
@ 40 Hz ond that the power consumption will be 20 wotts (moximum). The DC
reguiremnents are stated to bhe 13.B VDC with a power consumptlon of 12 wotts
{maximum). This would imply thot the the current drain could be as high os 0.870
amperes (870 ma). Fortunately, minimum powsr requirements are nat rearly that high.

I've long been interssted in "survivel communicotions" and emergency services, so |
wandered Just haw my Reallstle PRO-2004 wauld behave under different ond uncertain
conditions of OC power. 5o, 1 set up my DC power supplies ond tesr eguipment to
determine whot could be counted on in terms of performonce when power sources
(botteries, etc.) were ot o premivm. Toble 2-F shows {surprisingly) what waos
discoverad:
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Table Z-%

e e

DC CURRENT FOWEFR
FOWER EUFPLY DRATM COMNSUMPTION (WATTSS
VOLTAGE {E'E:'_ Al REM WFEM T Bl WFM
13.80 408 ma 4473 ma o g.1
12.00 ZBY ma 433 ma q.4 el
11.80 73 ma 4173 ma 4.1 4.5
18. 20 338 ma 378 ma Z. 4 X7
9.8a 08 ma 228 ma 2.7 3.0

Wide FM mode draws about 10% mare current than other =odas.

Waw! The tasts disclossd several things of great interest to those who might wont
to power their PRO-2004 (ond probobly the PRO-2005) from o DC source. | should
point out that my PRO-2004 iz looded with maodifications, seme of which drow o bit of
power. Chonces ore thot o stock PRO-2004/2005 will draw less current thon shown
in Table 2-¥. Here is o summory of my findings.

A, Maximum DT power consumption is 6.2 wotts; minimum is less than 3 wotts.

B. The PRO-I004 operated narmally In oll respects os the DT supply veltoge wos
slowly decreased re 8.80 velts, Audla velume (loudmess) wos nated to drep slightly os
the supply voltoge waos decreased, but thot effect s hordly werth natlng.

C. At B.&D wvolts, the digits in the LCD display blonked out ond the rodie stopped
operating, even though the bocklighting continued ro funcrion.

D. Az the veltage from the DT power supply wos slowly increased starting ot 8.40
valts, nething hoppened until the voltage reached 7.20 volts at which time, oll scannar
fumctions came back on ond were narmal.

E. With the PRO-I004 turmed off and with o ronge of supply voltoges between 8
and 9.20, the unlt would not eperate when tumed on, unless the supply valtage was
¥.20 ar greater

Conclusionz: The Realistic PRO-2004 scanner can serve as o near-ideal emergency
communications scanner because of its exceptional capobility ond low, non-critical DC
power requirements. It will operate normally in all respects even with the DC supply
voltage dropped below 7 welts. Once turned off, the unit requires o minimum of 7.20
VDC to stort wp., After startup, the sconner will function normally opoin so long as
the voltage doesn't dip below 8.40 VDC.

This is on ideal sitvation for portoble, emergency power situotions because the
supply voltoge con be designed for o range from, lat's say ¥.5 VDC to 15 VDC. A
battery pack mode of nine or ten flashlight "D" cells wired in series will recdily power
the PRO-2004 for o time! Ten or eleven nickel-codmium cells wired in series will
moke a rechorgeable pewer supply. Other typei of handy rechargeoble power poecks
could include one 12 VDU "gel cell” or twe & VDO "gel cells” wired in series. Even a
solar power supply could be pressed Inta servies since paminal power requirements con
be stated to be 12 VDC @ 0.5 amps (300 mo). Solor ealls are expensive, though o
ane-time Investment slnee they don't wear out or run down. A solor ponel designed for
12-14 VDC @ 500 ma could be used to charge nickel-codmium or gel cells during the
doytime in order to power the sconner by night. Two such solor panels will keap the
batteries well chorged ond still operote the scarmner in the doytime, toa. (Feor
maximum affectivensss of rechorging batteries, the selar panel should be designed for
13.5 vDC & 500 mo. The foregeing discussion and tests should provide ample fead fer
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thought for survivaolists ond others who reaolize that their PRO-2004/2005 is warth ita
weight in gold during o crisis or emergency.

One reason the PRO-2004 {and probably the 2005, and most ather modern seannars)
is so flexible with respect to DT power reguirements is becouse [with one exception)
nothing in the rodio operotes directly from the specified 13.8 YDC-- we'll get to the
one exception in o moment. The PRO-2004 iz check full of "vaoltage regulators"
designed to drop thot 13.8 YDC down to 5 to B8 VDC. A voltoge regulater is specially
designed to accept o wide variatien of input wveltoges and still maolrtaln o censtant,
steady output valtoge. This 13 why the PRO-2004 will operote reliobly down to os low
as 8.4 te 7.2 velrs! You really dorn't need 13.8 VOC, becouse anything between %.5 ond
15 voelts will do nicely. 1 really don't know whot the upper DC woltage limit is, and |
don't Intend to find out elther. But we do know that the PRO-2004 wos designed to be
powersd by oufomotive electrical electrical systems which, when charging, can be os
high as 15 wvelfs. My guess is that the PRO-2004 will accept voltoges os high as 14-20
volts DC before something blows, but  you  con't go wrong if you set 15 volts aos
the absolute maximum, tops, not to be exceeded.

Only one circuit in the PRO-2004 is powered directly from the +13.8
VDT externol source {or from the 110 YAC internal <14.0 VDC power supply). This is
the Audio Power Amplifier (IC-7), which drives the speacker or heodphone, but is not
eritical with respect to supply voltoge. 1C-7 con operote over o ronge of ot least 8 to
16 WDC. Audie power will decrease o little as distortion increases ot lower supply
voltoges, but neither enough to offect morrmol listening., Other circuits in the
PRO-Z004 are powsared fram one of several veltage regulators which provide o steady
5 or 8 volts regardless of the input wveoltoge-- which we now know con ronge from $.2
ta 15 VD C.

Moke a DC Power Coble for The PRO-2004/2005

If you ever wont to power your PRO-2004/2005 from a DC source, just be sure thet
correct polority is observed in the cooxial DC power plug! The center pin is [+) hot
while the shell er outer ring is [-) ground. Rodie Shock carries o preossembled power
cohle [270-1534) with a fused car clgoretts lighter plug on ore end and the praper DC
power plug on the other that motes with the "DC 13.8v Jock" en the rear of the
PRO-2004/ 2005,

You con alse fobricate your own DT power coble using o poir of insuloted (14-20
ga) wires of your cheoice and a 5.5mm x 2.5mm ceoxiol DC power plug (Rodic Shock
274-1573, or equivalent). If you fobricate your own coble, it is strongly suggested thaot
you lnstall an “in-line" fuse holder (Raodio Shack 270-12B1) ond o fast-acting l-omp
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fuse {E?E‘-iE?EJ in series with the hot {1} leod of the power coble. If the l-omp fuse
pops for no opparent reasen durlhg testing, then geo to a L3 omp fuse (270-1274).
You should install the in-line fuse halder o: close to the cooxial DC power plug as
possible.

Emergency Power for Other Sconners

Even if you do not own o Reolistic PRO-2004/2005 sconner, plegse refer to the
faregeing comments, anyway. The contain generol information and concepts that need
nat be repeoted here.

Qther  medern  sconners will  probaobly compare  foverobly with  the power
requirements determined for the PRO-2004. Digitol ond onoleg circuits in most
slectronic equipment reguire steody, regulated +5 andfar +8 VDG, so your scanner will
wrdoubtedly occept a range of input veltages. Your scanner will be designed with
apprepriote internal woltage regulaters. When in doubt, consult with the specifications
and schemaotic diograms in the Service Manual for your scanner. You con also perform
tests to determine the wnit's minimuwm DC power requirements. Here's how to do this:

Determine the roted DC supply voltoge {(see Service or Owners Manual}l for your
scanner, then connect a variaoble DC power supply preset to that roted voltoge to your
scannear, Typically, this will be «13.8 VDC, but it could be different, especiolly for
hondhald seamners, Important: Observe correct polority! Connect o DC woltmeter to
the wet supply terminals. Connect o DC milliommeter or ammeter in series with
the {+) lesd from the power supply te the scanner. Turn the sconner on; find o stotion;
odjust the volurme contrel te o comfortoble, normal listening level; then chserve the
current draln os Indicoted by the ammeter. Operote the scannet in its various modes
ond serftlngs to determine the highest ond lowest current drains. Write them down
olong with the meosured supply veltage.

Mow, grodually reduce the veltage from the power supply by a holf-velt or 2o of o
tima, observing ond testing the sconner for proper operatlon. When the scanner begins
to operate in on errotic manner, or It ceases to cperate oltogether due ta the lowered
supply woltage, slowly increoss the supply voltoge until proper ocperation iz resumed.
Write down that veltage ond the corresponding current droin.

These figurez will be the minimum DC power requirements fer your sconner. Do net
perfoerm o similor Ingulry to find the moxlmum. When you krow the minimuom,
howewver, you con you can then design on “emergency power pock” bosed upan those
figures. Do not ever operate any scanner of o DC voltoge more thon 10% obove thot
specified by the monufocturer! This will normolly be 13.8 VDC for sconners that are
designed fo be operoted from on ocutomobile, thus the 10% overrange will be 15.2
VDOC. Mote that hondheld scanners typicolly require 6 to ¥ VDC, ond ogoin, the 10%
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avervaltoge worning opplles. Therefare, mest hendheld sconners connot be directly
powered from cor clgorerte lighters unlezs a speciol voltoge reducing powsr odopter Is
used.

Me horm can come from enderveltcge other then possible loss of sconner memery,
Even thot ls unlikely, especiolly If there is on internal bottery for memery bockup.
Underveltoge for brief perieds of testing should not disable the memery in ony event.

Battery Ellminotor Power Supplies for Your Hondheld Sconner

More than llkely, your hondheld scomner uzes six "AA" alkaline or nickel-codmium
cells. Botteries are an excellent source of mobile ond temporory power. In fact, it's
about the only way to go for these situotions. But batteries rwn dewn, ond sven
nickel-codmivm cells "wear owt.," Pity this could hoppen at o time when you might
necd your scanner the most!

Botteries ore somewhat like oil, gos, ceal, and minerals; non-renewoble resources!
Yeu think thay've rerewable? You say that oll you have to do ls run down te the stare
ond buy onother et any time you msed them? Sure you eon. But a dizsoster-- local,
regional, or notional-- could chonge that "renewahbility” in the twinkling of an eye. In
the aoftermath of on earthquake, hurricane, flood, power blockout, or other similar
problem, try ond buy a set of allcakine "AA"™ botteries. You won't be oble to da so
with a erisp 3100 bill, even if you whistle three charuses of "Dizie” os on added
arnticament.,

Even during the routine ond regulor use of a sconner, the cost of replocing, ond or
the hossle of ceonstontly recharging nickel-codmium cells con becomne tiresome. If you
use a hondheld ot o fixed locotion with o hondy source of AT power, or in your
vehicle where 12-14 VDO is reodily avoiloble, there ore corvenient alternotives to
urhook you fram being completely depends=nt vpan "AA" harreries.

Fortunately, you con sove the olkaline ond nickel-codmivm cells for when you need
thern mast, but most of rhe rest of the time you con use other convenient methods to
power up your hondheld. If you're o sericus scanmner user, you should hove these
alternatives at your dispesal, anyway. Rodic Shock makes ? wolt AC-0OC converters for
use where AC powaer is ovailoble (273-1455 or 273-1450). Just plug the power unit inte
a wall outlet, ond the other end into vour sconner's external power jock. For vehicular
vse, you'll meed o DC-DC odopter thot converts 12-14 VDO ro ¥ VDC. Raodio Shock
haos twa wnits that do this, 14-844 and Z70-1540.

It mokes sense to acquire ond learn to use other sources of power for your scanner.
Having o wvariety of low cost proper odopter units ond cables for a voriety of power
sources con save money in the long run ond encble timely use of your sconner during
any emergency of crisis.

41




Emergency 12-14 VDC Power fer Your Hondheld Scanner. If you are in on
emargency sltuation and the batteries in yeur sconner ore dead, ond if you don't heve
a DC-DC power odopter for converting 12-14 WDC to the wvoltage required by your
scanner, you can stlll {as o lost resort) get emergency pewer frem on automotive
electrical system. To be condid, there could be some risk te this scheme, depending
vpon the power requirements of your sconner, but in o real pinch you'd have little
choice. Here's whot you da:

For Megotive Growund FElectrical Systems Only: Most modern American-made
vehicles hove negotive ground electricol systems-- you may wish to confirm this for
your own wvehicle by locking at the wehicle's monual. Prepore twe wires for connection
to the pawer terminals of your scanner. Designote ane wire os pesitive [+ and the
other as regotlve (-}, and then connect them to the opprepriote terminals. Connect
the negative (-} wire te o paint-free location on the fraome or chassis of the wehicle or
te the (-} terminal of the battery. At the free end of the (+) wire, connect one end of
o resistor of approximately 100 chms, with o | ar 2 watt rating. Actuolly, the resistor
con be onywhere between 80 ond 120 ohma.

Connect the free end of the resistor to the hot [+] side of the electrical system
{12-14 VDC)}. The resistor will drop some of the excess voltoge leaving 7 ro 10 volis
for the handheld seonner, which should work just fine within thot ronge. The caution
here is thaot the lower the ohms rating of the reslstor, the higher the voltogs to the
scanner, ond the sconner could blow up If the valtoge is too high, There won't be any
harm in using onme with too high o rating in ohms; the sconner just won't function
properly. Moybe, if the sconner haos one, a "low bottery" indicotor might beep or light
vp to tell you that the wnit is starving for wveltoge. 5till, this method must be
considered os being for emergencies only becausze there is on element of risk of
domage to your sconner if you miscolculate or otherwise goof.

Tips on Nickel-Codmium (Ni-Cd) Batteries

Rechargeakle nickel-codmium [Mi-Cd} batteries have become o way of life, ond for
equlpment that ls deslgned for Mi-Cd cells, there is little to know ar be concerned
with. The maln thing for oll MNi-Cd botteries iz that they con develop o "memory”
after o while if they are not fully dischorged ond then premptly recharged. This is to
say that Mi-Cd baotteries should be periodically dischorged to the point that the
equipment doesn't work, & then fully rechorged before using the eguipment ogain. If
thiz ritual s ret done regulocly (like ence every two weeks or maybe o month] then
the MI-Cd cells will not give the length or quality of service according to their
specificotions. Don't allow NI-Cd cells te remaln flootlng on o charger for lengthy
periods without putting them through a discharge cycle.

These days, Mi-Cd botteries aore used for situotion: ond equipment where MNi-Cds
weren't originolly intended. In general, it's OK becouse voltoge is voltoge ond current
is curcent. If o sconner is supplied with wvaltoge within its specs, it will work--- peried.
But Mi-Cd cells might net wark as long es you would wont or expect. If you use NI-Cd
cells for emergency power to reploce stondard olkoline batteries, then there ore a
few things you'll want to know ochout them.

A freshly rechorged Mi-Cd cell will measure about T.4 wvolts ot its terminals, but
will deap te 1.7 velts shortly afrer rermaval fram the charger, or at least Immedlotely
oz soon os ploced bock in service. This hes significonce if you design o Mi-Cd pock for
a situotion where it's ideal to maintaoin o veoltoge level for some period of time. For
instence, if vou reed 12 wolts for o pericd of time, ten Ni-Cd cells in series won't de
the jeb. Even thaugh the Initial termlnol veltage will be 14 valts, 1t will drep ropldly
to 1% wolts, ond then under use, the wvoltope will steadily drop from 12 wvelts down
through the dischorge cycle.

In surnmory, Mi-Cd botteries don't come with high recommendntlons for onything
exeept cordless telephones, floshlights, portoble hand wvocoum  cleaners, electric
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toothbrushes ond rozers, ond other low demand, short-use equipment. | suppose thaot
Mi-Cds are passoble for hondheld scarmers, but you owe it to yourself to meosure the
complate operating tlme you are golng to get out of a pock of freshly charged MI-Cels,
Mark the starting time ond set the sconner on o single chonnel which is active some
of the time-- then let it run until it guits. Agoin, mork the time ond coleulate how
long it losted. Thot's all the time you con count on, and probobly less thon that If ond
when a time comes that you really need your sconner!

Tips on Leod-Acid Storage Botrerles (& Gel Cells)

Mow hera's the woy to go, except that it's not o lot of fun te lug oround o cor
battery for more then maybe a few seconds unless you're o physical fliness fan.
Fortunotely for the rest of us, cor botteries oren't the enly type. There are several
kinds of lead-ocid batteries cther than those mode for cors, ond all pessess some of
the same generol chorocteristics at 2.1 valts per fully chorged cell

The typleal "12 velt" lead-ocld battery consists of six cells, so the terminol voltage
at full chorge 1s 12.4 volrs. Just like MI-Cd cells, lead-ocid cells actually have o
tempororily higher terminal voltoge immediately ofter a full chorge. This voltage will
be 13.8 volts if floot or trickle chorged, ond 14.4 volts if chorged te capocity. Aute-
motive chaorging systems typicolly generote 14.5 to 14 veolts. The Instant the englne Is
shut off, the bottery woltoge will be obout 14 wvelts, Within a shect time, it will
"settle” bock to 1Z.4 wolts.

Lead-acid botteries genercte and meintain o let of power for their volume; more so
than any ather kind of battery., This mekes them emminently svited to cemmunicotions
opplicatiens. Despite rhelr weigh! per volume, some leod-ocid botterles ore seall
engugh to be corvenlent ond still pock useful power. The computer revelutlon helped
create o closs of seoled, malrtenance-free battery called o "gel cell” of which there
ore aomple gquantities on the commercial surplus market now.

Yorying in size from about o "I floshlight bottery to cigar box sized or even
larger, pel cells possess all of the good charocteristics of the commen outemotive
battery ond fewer of the bad gqualities. Gel cells ore rechargeoble with cenventional
equipment (outomotive trickle chorgers) and they generote odequote power faor
reasenoble periods of time. Also, they come in oll valtoge ond eurrent rotings. Those
moest ideol for use os scamner emergency power sources would be roted ot 4 or 12
valts and ot chout 10 ompere/hours (AH). Two & wolt gel cell: can be connected in
series to provide 12 wvolts. Two or more 12 wvolt gel cells cal be connected in poraollel
for additienal ompere/hour capacity.

All 12-velt gel gells should be recharged ot 14.4 volts until fully charged, and moy
then be left indefinitely en a trickle chorge of 13.75 wvolts. If left on 14.4 wolts too
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lang, the cells con be damoged. The mox charging current should not be more thaon
15% of the ampere/hour rating of o single battery in the pock. Tweo & volt gel cells
can be left connected in serles and chorged with normel 12 velt charging equipment.
If chorged seporately. & wolt cells should imitially be fully chorged to 7.7 wolts ond
then trickled with &.88 wolts. Agoin, the maximum rechorge current should not be
greater then 25% of the ompere/hour roting.

Tips on Alkaline Batteries

Alkaline "AA" cells are esmmanly used to power handheld sconners. Service lifa is
good and many hours of operation con be expected from o fresh zet of batteries, Most
handheld sconners wse six alkallne botteries to previde o storting voltoge of 9 wolts
which remains fairly constant for same Hme., The velltoge af the pock does slowly drop
during vse to as low as 4.5 to & volts befare the sconner quits.

Some people tell you thot alkaline botteries con be recharged. 1 have tried it with
rnixed results ond conclude thot the procedure iz nor worth doing. An eloborote zetup

is required and there iz olwoys the donger of the batteries axpleding or damoge
occurring to the equipment. Moreover, the recharge runs out very guickly. Forget this
idea; just keep g spare set of alxaline botteries on hond for emergencies.

A very hondy sowrce of emergency power for your hendhald sconmer con be put
together with the some rumber of "D" ar "C" eall alkoline botteries os the number of
"aa" cells normolly wsed, which Is typleally six, All you rneed ore the botteries,
battery holders, o length of poired wire ond o suitable power plug to mote with
the "external power jock" of your sconmer. "0 or "C" olkaline botteries hove o for
greater service life thon "AA™ botteries; and would be ideal feor crizis or emergency
situotions where you want to have o power source providing bath time ond reliobility.
The battery halders, wire, plus the oppropriote power plug are ovallable frem Radle
Shack. Thare ore twoe precoulions te chierve:

1. You must first determine the polarity of the "externol power jock™ on your
scaonner, Rodie Shock handheld scanners have the tip or center of the jock negotive {-)
ong the shell or ring oz positive {+). Other sconners may be different, including Radio
Shock's bosa sconners where the tip of the "DC power jock" iz positive (+). Checl: your
ownar's monual. Some sconners even have the peolarity information shown on the cosze
right next to the power input connection.

2. The bottery helders must be wired in series. ¥ your handheld sconner wses six
batteries, you can wse six single bottery holders, ar one that halds four plus another
that helds twa, or three belders thot accemodete two each. Just he sure to wire them
im series, ocbserving the correct pelarlty {+ to -, and - ta +) . When done, there should
be twa wlres left free, one negative (-}, ond the other positive [+), which should be
connected in proper polarity to the correct power plug.

Operating Hints & Technigues

There isn't very much even on expert ond experienced scornist con tell you obout
the operation of your sconner. Infermotion on what the knobs and buttons de iz all in
the manual thaot wos supplied with the unit, so there wouldn't be much point here in
explaining how to set o sgquelch control or why to leck ocut a channel. Instead, 1
thought I'd poss along some thouwghts on tools ond generol opprooch. As o former
E-dl_l::ﬂ‘l‘l}r; I learmed that it i= ﬂngrmnuﬁ.ly more voluabils ta Hhe I.'H!‘."'JIFIJ.EI"'IT b ] COPW ey
methods, procedures, strotegies ond toctics than hord focts ond things fo commit te
memory. I'll oftempt to do as muech here; te assist and snourage you to toks up whers
this leaves off; ta open a door for yeu.

Increase Your Knowledge: VHF/UHF monitering is one of those pursuits where the
more you know, the more enjoyabe and worthwhile it becomes. The essential
knowledge comes from several potentiol sources, including:

A. Experience-- thare's nething like It ond nothlng exactly tokes irs ploce. It comes
with time and intensity of self-aspplication. It may take a while to ooquire, but it's
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worth hoving., On the other hand, it's easy and fun to get ond it's goined as you
participote and explere monltoring.

B. Books and Periodicals - also hord to beat. Knrowledge goined from reading and
study, and then put inte opplied use becomes an express train te experlence.
Periodical: ond reference books go o lorg woy fowards connecting the scannist with
the "big picture” of the monitoring hobby, The mistokes, successes, experiences, ond
voluable opinions of athers, as well as new ftrends ond products, are conveyed via this
medio.

C. Assoclotion with athers - direct contact with persons of ke mind and Interests
con help the scanner hobbyist goin a strong foothold on knowledge end experience.
There's nothing like enjoying a hobby in conjunction with one or more kindred souls.

The first ond most important tip or hink that | con canvey te you is this: Dedicate
yourself to the paticnt ocguisition of krnowlsdge obout your hobby. All other tips,
hints, ond technigues in this book are secondary!

Obrain Frequency Directories. Gronted, you con probobly set your sconmer to the
search mode and in o day's time you'll have discovered hundreds of cctive frequencies.
But that's all you'll hove, and ofter o few doys all of those row numbers will make
your heod swim. For the mast part, there will be little erganization, thyme or reason
to all of these prumbers you've collected. Rondom frequency searching 1s akin to o
palice afficer seorching for a stolen cor by stording on oo dewntewn streetcorner and
wiiting down thae license plote numbers of every vehlele thot posses by, 5o you have o
list of numbers-- now whaot ¥

If you've menitored the VHF/UHF frequencies, you moy hove noticed thot few,
inderd, are the stotions thot bother to properly identity themselves by their ossigned
call letters or nome of their operoting ogency or compony. If you patiently meniter o
frequency long enough, there will be cerfoln things you con deduce from what is
communicoted as to what function the stotion perferms, such as police, fire, medical,
business, rood repair, power utility, highway ossistance, toxicab, etc. You might even
be lucky to cotch o collsign or other usoble identification for your efforts, but this
opprooch is geing te invelve a lot of worlk te find out something that you could look
up rother quickly in o published reference source intended as on aid to scanner users.

Frequensy guldes come in all sizes, shopes, ond coveroges. Some zera in on
speciolized roples or Interests, such as Tem Kreitel's populor Tep Secret Registry of
LL5. Government Raodio Frequencies, or his Air-5can Directory of Aeronaoutical
Communications, o5 well oz his Mationol Directory of Survivel Radio Freguencies.
Then, there's the American Rodio Relay Leogue's (ARRL) Repeater Directory. Other
directorizs are wider in scope but are for for specific geogrophic regions such as the
seven different velumes of the Uniden/Bearcot Regional Frequency Directory series.
Cthars still, are directed to specific stotes or local oreos, such oz the Sconner Master
Mew York Metro/Morthem MNew Jersey Guide, by Worren Silvermaon; the Official
Moszachusetts Seanner Guide, by Bob Coburm; the Son Diegoe Scanfon, by K.C. White,

ta nome only o few out of dozens.

There is na single "ideal" or "most comprehenzive™ directary. Each serves o zpecific
ond sometimes unique purpese for o target group of monifers. As your interest in
YHF/UHF monitoring grows olong with your esperience, so should your reference
library af frequency ditectories. For starters, o basic library of severcl freguency
guides will ge o leng woy towords helping o person systemotize their growing hobby
interest. Then, gz more information ond experience l: galned, odditional directories
can be odded for guidonce in speciolized areas of interest. Fregquency directories often
ecanfain a let meore information thon stotion callsigns and locations, many olse provide
system dota, signols ond codes, mops, os well s Incidental information aboul sconning,
including tips, hints, and kinks.

Subscribe to The Sconning Hobby Periodicals. One of the best ways to keep obreast of
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the latest equipment, supplies, fregquency guides, technloues, ond discoverles oheout the
manitaring hobby Iz to read the monthly mogozines devoted to monitoring. There are
two mogazines of some size thot have been around for severol years covering
monitoring in depth, thesz are:

Popular Communicatlons Magazine Maonitoring Times
¥4 North Broadway P.0. Box 78
Hickswille, WY 11831 Brosstown, MC 28702

Both ore escellent ond each is sufficiently diversified to contain interest everyene.
Popular Communications is seld by subscription and 13 olse avelleble rotlonally on
newsstonds.

You'll find that the hobby publications will keep you current on art of scanning.

Be in Contoct With Others. There ore se mony people with scanners these days that
you wndoubtedly workk or go to school, or church, or bowling, or hunting with other
lecal people who are inte scomning and would like nothing mors than ta swap netes
and shore frequencles ond experlences with yeou. Yeu con meet o lat of these falks at
communlcations shops (a: customers or sales personnel), or maoybe standing neor the
runway ot any oirport, with a hondheld sconner wotching the planes toke off ond lond.
Don't be bashful, meost of these people welcome inquiries obout monitoring ond are
guite hoppy obout hooking wp with other local people with whom thay con share their
mest exciting hobby. The mutual exchorge of information beneflts all concerned.

There ore also closslfled ods In the hobby mogozines from sconner fons seeking
local contact with others of their ilk, or wishing fo exchange topes cor letters with
distont meniforing fans who may share their interest in o particular specialty areo of

the hobby.

There ore olse scorner clubs, same regionol, same with members throughout Narth
Amerleo. These groups uswally issue a meonthly newsletter or other publication directec
at their memberships. Wsuvally these publications contoin frequency listings oz well as
tips ond techmiques. 5ome of these sconnmer club publicotions ore guite good, just as
others don't really hove much to say of value. Clubs tend to come and go, ond olse
their newsletters give off the (possibly folse] impression that they con get o bit
snoaty, vindictive, cliguish, petty, or persnickety from time to time, and with very
lirtle apparent justification. Becouse these clubs ore a let like people, unigque and
individunlistic ond with o distinet persenality of their own, let's merely suggest thaot
you might wish te check with other scannists to see which (if any) hobby groups they
belong, ard if they fesl that membership wos bereficial. When yveu calleet some good
opiniens, alse collect the groups' nomes ond addresses ond seek out membership Infa.

Build Your Hobby Library. Frequency directories, monthly periadicols, and perhaps
the newsletters from ony growps ta which you belong, should comprlse maojor 2l-
ements of your library, but you'll want te Include Informatien on entennos, theery, and
other reloted aspects frem varlous sources. The nomber of good titles ond subjects are
tea numerous te list here, but you may wont to contoct the following publishers of
books relating to zconning to ask for their cotologs:

CHE Research Books, Ine. Grove Enterprizes
P.C. Box 36 P.0. Bax 78
Commeack, MY 11725 Brosstown, MC 28902




Officiol Sconner Guides Tob Books, Inc.
P.O. Box 712 Blue Ridge Summit, PA 17274-0840
Landenderry, MH 03053

Of course, many local ond mail order dealers stock bosks from these oz well as
other publishers. Check the ods in Papular Communications ond Monitoring Times for
the names and oddresses of communications equipment dealers offering cotalegs.

Orgonize & Toke Pride in Your Monitoring 3tation

If the extent of your monitoring interest is to stick yeur scemner on o shelf and
then idly listen to a fovorite police or fire channel when there's nothing fo wotch on
TV, then thiz section is probably not going to offer you much benefit. On the other
hand, 1f VHF/UHF monaitoring effers you a folr measure of reloxotion, enjoyment, and
articipotion, then you owe It to your Increased enjoyment to allocate some spoce ond
howsehold resaurces to properly support your octivity. Look ot it this way, even your
dog hes a faverite spet all his own that he trots off to for thoss times when he wonts
to relox, be it a doghouse in the bock yord or under the couch in the den. The kids
have their ployroom, the cat hos his fovorite window sill in the sun. Whe, then, L= to
deny you at least o corner of some room just For radio menitaring purposes?

It reolly doesn't toke much spoce te properly support the hobby of sconner
menitoring, but it does toke o little something in eddition te the sconner itsell. You
don't necessarily hove to have an entire, official "redic room" like some people, but
you do need something definite in the way of o designated orea. Perhops a corner of
the den or family room, a corner of the porage or bosement, even o lorge closet, 1§
you devete ieveral hours o week ar mare ta sconning, then the minimum things you
need con be suggested as follows: 1. Desk or smaoll toble; . Choir; 3. Shelf; 4.
Drawer.

Comfort, o little elbow room, ond focilitizs for some argonizotion ore the keynotes
to these suggestions. The table or desk offers room te loy oul reference materlals, log
sheets, o clock, lamp, maybe o tope recorder, ond the sconner [tself. The spoce con
alsa be ovolloble for you to pop rthe cose off the scanner and do a little work inside.

The chaoir is for comfort and ease of work. The shelf is to hold your books and
other reference maotericls not in use. [f the shelf is ot eye level, you might even put
the scanmer itself there. The drower 15 for wnsightly things such as tools, scraps, pens,
rulers, etc. Get the idea here? Orgonizotlon ond comfort are the two vitol ingredients
to pleasure ond success In anything.

Orgonization. 5canning con be as large or small a pursvit as you wish it to be. If it
coptivates you, if you enjoy it, and if it fills o regular pertion of the time avoiloble ta
you, then it will vadeubtedly gow on you with seme rapidity. Your progress might not
be measurable over doys and wesks, but ofter o yeor or two poos by ond you take
stock of your progress, you'll see where you've come o distonce. Mow, ger this: there's
na limit te how for you can progress; the only limit is you. Well, there are some other
limits, but they ore under your control.

Cne mojer limitotion is or will be your system of orgonization thot supports your
growth in the habby. If you and your scanning materials are srganized, your progress
will be rmuch faster than  others whe pay little heed to organizotional concepts and
drift oround oimlessly in o myrlod of different directlions. A notepod ond pen or pencil
are the first tools you'll need to become orgonized. Better still, get a 4" « 9" 3-rlng
binder fllled with looseleaf note poper.

K.oep o sort-of diory; it need not be anything very complex. Use the notebaak to jot
dewn frequencies, ideas, gquestionsz, and things you discover during the pursuit of your
radle Interests. When you read the menthly mogozines and find things of interast ta
you, jot dewn o retation ar two olong with the nome ond izsuve of the maogaozine =o you
can ga back and refer to the Infarmatien ot o future date. If you become seriously
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interested in the sconning hobby, there Is no way In the warld thot your memery will
be oble to ossimilate, store, file, and recall at will all of the infermation, datao,
Frequencies, ond ideas that will come your way over a perlad of time. Toke a few
moments each doy of week ta highlight things in your notebock ond befare long, you
will hove bullt up o wealth of reodily occessable information you con guickly drow
wpen, rmuch of which would have otherise been forgotten or lost. There Iz samething
plrmost mystleal, too, obout writing things down. The mere act of writing reinforces
the memory.

Of course, there is more to crgonization than writing. The concept of "o ploce foo
everything, and ewverything in its ploce" is werthwhile to remeamber ol every
monitoring station. You den't need to hove much, but those things you do hove should
be argonized, particulorly your tocls and sowrces of knowledge and informaotion. By
thet, I meon yaur boaks, magazines, directories, notes, ond scrops of informaotion. This
becomes very Important 05 o person progresses through the vorious stages Frem novice
to expert. Without orgonizotion, you con maoke some progress but sooner ar later you
reach o modest ploteou or peok thot con't be exceeded. If you're hoppy ond suited at
thot point, then relax, enjoy, ond good luck to you. Chaonces are, however, that with o
little orgonization behind you, a much greater peak con be achieved, ond that only
means mere relaxation end enjoymant.

Be Proud of What You Have te Work With. Pride ls o greot mativater. 'm tolking
chout the good kind of pride; pride of making the best out of what you hove te werk
with; pride of accomplishment; and pride of self. Thot meons moke your menitaring
post functional in performonce as well a: plecsurable in appecrance. Ferhops your
spouse isn't os enthusiostic obout scanning os you ore, but you'll hear o lot less ohout
that lack of enthusiasm if the ol' monitoring post leoks good, is neat, ond doesn't
detract from the reom in which it is lecated. Thot's the least of it. The main thing is
thot you will feel goed if your stotion locks good and works well.

Work Ar It! Huh? Yecoh, there's no pleasureble pursuit on earth thot deesn't require
a lirtle work ond sslf-doscipline somewhere olong the line. Sconning is ne exception,
though It's one af the least disciplined pursuits. But, belleve me, there is o lat more
to reaping the maximum enjoyment of scomning than just sitting there holding o hot
cup of jowo or o0 cold Bud with one eor "tuned” to o fire cor police channel while
watching David Letterman on TV. That's the “couch pototo" syndrome, ond fronkly,
it's the least port of scanning.

There 1s wark te be done in reclly enjoying this hobby. Thers is o science, o
mathamaoties, a physies, o mechanics, on art, ond o knack to successful scanning. Foce
It, there are mare thon 200,000 freguencies in the seanmoble VHFE/UHF spectrum (23
to 1300 MHz). At ony glven moment, most of these contaln obsalutely nothing of
interest to anyone. The ones that do present semething of Interest are poing te be
“glive" one moment ond silent the next. Without some knowledge, plonning, science,
ard mechonics behind the process of sconning, the sounds of silence will prevail just
as the chonces af menitering the rewording communications are ohout on a por with
wlnning the lottery.

Put a little science ond mechonics inte your efforts, with o dosh of math and
physics, and you get the knock-- you find that the sky becomes the limit. Instead of
sarting thraugh 200,000 frequencles withoul plon ar purpose, you'll fecus on leds thon
200, or maybe even os few az 20 for the really exciting comms. But which anes will
you focus onf

Sconner Frequency & Chornel Monogement

Frequency manogement has recelved proastizcally mo attentlen within haobby beoks
and mogozines over the years. Most of the emphosls hos olways been on new
equipment and the processes ond mechaonics of sconning. In fact, =o little information
hos been presented on 5conner Fregquency and Channel Manaogement, that 1 had to
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resort to my engineering ond business monogement bockground, ond also enlist the aid
of my trusty computer ta develop the rudiments of a system te maonage my scanner
chonnels and frequencies.

How clearly de I recall my First digital, progrommaoble scanner in late 1782, the
Realistic. FRO-Z002. Tt hod o whopping 30 chonnels ond, for o yeor or so, 1 wos in
sheer ecstasy. Then it downed on me that | wos ineffectively wtilizing the brooder
copobility of oll these chonnels. My venture to develop o system far monoging that
copohility began in 1783 ond hos continued ever since. | don't profess to be an expert
In this becouse [ hoven't "rubbed elbows" with others whe moy have worked In this
area. My findings and procedures are lorgely self-tought, which does leave o lot of
room for refinement ond erhoncement by others. | do propose to formaolly introduce
this subject In print now and for perhops for the first time. [t's my hope that others
will be interested ond come forth to contribute to the peel of knowledge that 1s enly
lightly intreduced here.

The basics of the science of scanning hark bock fo getting orgonized, ond include
frequency directories ond "how to" books. For exomple, say you have o 400-channel
scanner, like a PRO-2005 or o modified PRO-2004. There ore many waoys to progrom
such sets, and most of them seen [neffective. If you hophozardly lood up those 400
chornels with rondom, unorgonized numbers (frequencies), you'll hordly enjoy the
results of your efforts. MHowewer, If you systematically employ the ten switchaoble
banks of 40 channels each, using szome rhyme ond reason in on order of what was
progrommed, the resulfs con be very meoningful.

For exomple, there is no point In running your index finger down the column of o
frequency directory ond progromming eoch one thot you identify os being fram your
geagraphie area. [F you da it that woy, the resulting bouilluboisse of boots, police,
fire, medical, business, oero, povernment, ond other frequencies will be a rother
flovarless hodge-podyge, ond rother chootic ot thot. If, howewver, yow dedicote one
40-channel bonk to law-enforcement; another to fire; onother to local governments;
another to federal government (o leglcal order and grouping), followed by a bark of
acre, o bank of business, efc., then you'll hove the ability to easily focus on specific
Interesks a5 yau desire. And, you still hove the optien te shill run them all when you
don't wish to zZero-in on a particular grouplng of stations.

Table 2-10 shows one possible way of how to dedicote and progrom ten 40-channel
bonks for o lorge metropoliton regien:

Table 2-1@
FPRACTICAL FPROGEAM FOR £08 CHAMMELS

Erbls CHlAMHELS TITLE

1t = dzility & Early Warrnincog; sbtete & local disaster responsej
agency Lntersystomss REACT; weabkhes & general miscollansous
5 11 -0@ Tity Pelice & Law Enforcamant Interoystesns; Mulual Aid

b | Bi-1ZB Sherifd & Higheay Fabrol

i 121-140 Epergepcisms: Civil Defenss; Aed Cross, Search & Rescusg
Civil Air- Patrely Distress;

14&1-700 MEliical % Pacanedics

ZB1-71E Hews Fefdl ey 7Y, Radlo, Hagazinos & MHepsgepers

i

o

7 741 -7=0 BlEwes Hedia continuation % Fire Uepartnents
d 281326 Ailikary
a 01 -T50 Federal Governneni

1B8: 3814996 fumimens; =agrt=, Fail B general miscellangous

Table 2-10 isn't shown os belng the "right” way to do this, It doesn't show special
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Figure 2Z-1a
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Figure 2-1b
MASTER PROGRAM PLAN FOR 4@@-CH SCANNERS
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bonks aollocated te things such as YHF or UHF oceronoutical, or YHF maritime, hom
repeaters, or forestry conservation, or roilroods, or other speciol areos that maony
maonitors especially enjoy. The listing in Toble 2-10 iz merely a generalized somple.
Obvigusly, each individual would want to customize the programs for their own unique
neods ond interests. The ideo is to create o logicol scheme for programming your
sconner. The mere banks ond channels your sconner hos, the greaoter the necessity for
o systermatic appreoch to pregramming the unit. If you have a sconner with 10, ar 16,
or 20 chonnels, then relox, rhere's nat much ta do. And, BF thar dessa't heat all, what
if you do the &400 channel memory modificotion given elsewhere in this book? Talk
obout work!

Mow think about this: IF the scanner hos 14 or more channels, there's o good
chance thot ofter o short time you'll probobly forget what some [or most] of the
chornels are that you've programmed in. The probobility of this increases
exponentially with the meore thonnels your sconmer hos. Humon memory is inodequate
to effectively meet the chollenge of monoging the contents ond distribution of 50,
100, 300, 400 er more chonnels. Cheonces are thot most peeple with 300 ond 400
chonnel scanners hove unwittingly progrommed the some frequency info ot least twa
{er mere) channel positions. Enjoyment con turn into drudgery ond loss of interest If
you don't hove a system to rescue you from being swollowed up by hoving te monoge
rmare chonnels than your own memery con juggle at one time.

Here's another polnt of interest. Rehordless of the copaobilities of your sconner, be
it 10 or 400 chonnels, whot do you do next when you fill up all the channels? This is
eosy to do since there are some 30 to 2,000 chonnels of potential interest in most
regions of the notion. This can be o sericus preblem becouse no matter how mony oo
how few frequencies are of Interest to yeu, there will alwoys be one more to pop up
sooner or later, If your scamner's memery bonks are topped off right from the start,
then there will na roem In which ta program odditional frequencies you want to
monitor. Yeu should make It a point to leave o few blonk or empty channels in each
memory bonk of your scomner. This will ollow room for crderly oddition of new
frequencies os they become known fo you. This is one of the greatest volues of the
excliring 6,400 chonnel memaory modification featured in Chapter 4 of this book. You
might never use oll 4,400 channels, but you can eventually fill up several thousond and
still rest ossured that you hove an obundonce of spares avoiluble for mere,

The work of ocrgonizing your program con be fun ond even sducatienal with the
right approoch. Several blank forms are included here for you te odapt to the
requirements of your own situotion. Figures 2-la ond Z-1b comprizse a Master
Frogromming Plon for 400-Chonnel Sconners. Cambined, they contain spoces faor
far pregrammed frequencies 1n up to ten banks of 40 channels each for ¢ rotel of 400
channels. If you hove 200 or less channels, you'll need only one chart. 1f you do the
8,400 chonnel memary modification, you might need sixteen double-charts!

Figure 2-2 is o 40-Chonnel Bonk Memory Detail form to help you focus in en the
detall of each chanrel. Use It te record detaoiled information ebhout the frequencies
you've proframmed. There ore spoces for chonnel-number, frequency, closs of rodio
setviee, type of user, location, collsign, ond descriptive comments. Alse, there's a
eolumn entitled "Bleck," which should be used if you do the 6,400 channel memary
modlfication where you'll have up to sixreen blocks of 400 channels per block. 1f you
have "only" 400 channels, you'd want ten such sheets to complete your documentation.
If you hove 6,400 channels, then you'll need as meny as 180 of these sheets. Awssome,
isn't it7 Well, think how you'd ever find anything if you didn't hove any woy of keep-
ing frock of what wos prograommed in your sconner!

Flgure 2-3 iz o ,400 Sconner Channel Memory Overview ond s mostly for use with
those scanners having theusonds of channels instolled, but [t's wseful for even 30 to
100 channel sconners. It's slmply an overview of the general plon or strategy you have
selected for progromming yeur scanner. Use the "400 Ch BLOCK" column to record
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Figure 2-2
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the specific block or channels te be described. The "40-Ch BANK" column gives spaces
for Bonks 1 throwgh 10 ond the designoted chanmels per bonk. Use the "Description”
eolumn to key or title the coentents of sach major 400-channel block ond the minor
40-chonnel bonks,

Thase three Forms are more thon odequote to rmake some sense out of on otherwise
vhrmonogeable overkill of information. Adapt them to your purpeses and needs. Creafe
rew forms ond procedures if you like. Then, If you hitr upon semething thot works
better, write ond let me know about your system. New ldeas are certalnly welceme
and needed in this areo. Send your thoughts te me In core of Commtronics
Engineering, F.0. Box 2462478, 5an Diego, CA 72124,

O, | reclize that there hasn't yet been ony discussion hereon the use of computers
in conjuction with managing the frequencies in a sconner. | have used o computer and
a doto bose monoger software progrom to maonoge my frequency and channel dota for
saveral years ond I'd be lost without it now. Understandably, mest sconnists probably
den't have routine use of o computer, so the procecurss given here ore geared for the
"manual oppreacn.” What might surprise you, theugh, Is thot the same three forms ['ve
provided (Flgures 2-la/b, 2-2, ond 2-3) are the some baosle format by which my
compuler does the weork,

Using o Computer. If you hove a computer ond wont to try it out for "Scanner
Frequency ond Chornel Monogement," | suggest for software thot you wse a
"spreadsheet" for Flgure 2-1o/b; o “doto base monager” for Flgure 2-2; ond o "word
processor”’ for Flgure 2-3, Because there are so many different coemputers and such a
varlety of seftware, 1 couldn't possibly moke o recommendation as te which ls "the
best," but for scanner orgonlzarlen programs, nothing very sophlsticated 1s necessary. |
use o furbo-modified Apple Ue ond Appleworks 1.0 Integroted software which contaoins
interoctive ipreadsheet, doto bose monoger ond word processor to manoge some 2,500
frequencies octive in the San Diege orea. My Apple computer has 2.2 megobytes of
RAM; worp-speed occeleroter; 30-megobyte hard disk drive and two eoch of 3.5" ond
5.25" floppy disk drives; o system which ls a lot more sophistleated thon octually
needed for this purpese. Of course, my computer Is used for lots of other things os
well, My "Master Frequency and Chonnel Data Base" Is prefty much In the some
format and loyout os Figure 2-2.

Sconner Operotlons

If you've poid attention to oll of the orgonlzotional tips | have given, there isn't
much to soy about actuolly wsing your scomner. That's the fun part which is
more-or-less dependent upon how well you've orgonized things. There isn't onything
mystical or mogical obout how to push o scon or search button ond let the sconner do
all the work for you, iz there? 5till, there might be o trick or two | con poss along.

Instant Weother Chonnel Access. The NOAA's 162 MHz weather service broodcasts
are useful, but If you pragrom one of these statlons Inte your scanner, the sconning
actlen will step as the unit locks up on the continvous corrler. If your sconner offers o
"Priority Channel" feature [usuvolly In channel position 1), you con program your locally
active MOAA freguency there ond then lock that frequency out with the "lockout"
butten. While you're perferming your regular monitering activiries, the scanner will
byposs and totally ignore this frequency. However, when you waont to Instontly hear
the weather, all you need do s press the button that activares the "prlority channel.”
The scanner will stop whatever It [z dalng ond hop rlght over to the NOAA freguency.
When you've finished getting the weather informotion, deoctivate the "priority
channel" feature and the unit will resume its regulor sconning activities. Pllats might
wish to consider this same Idea, but substituting the ATIS ot thelr lecol alrpert for
the MOAA frequency.

Receiving Out-of-Bond Frequencles. Here's on old trick for receiving frequencies
out of the ronge thot your scammer will ollow. First of all, this imoge frequency
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method is old hot, but will work only with "dunl corversion" scarmers that use o Znd
LF. frequency in the 10 MMz range. This triek will aat wark on "triple conversion"
sconners such oz the Reaolistie PRO-Z004:20035, but then thess scarners will receive
almost everything, anyway, so tricks aren't necessary.

As on example, some units don't  have the ohility te tune the 404 to 420 MHz
federal government band. If your sconner waos designed to receive UHF os low os 430
MHz, this method will let you receive almost anything In this rother Interesting band,
The idea is to program your recelver to the "Image [requency” of the desired
frequency containing the communications you wish te menitar. The imoge frequency s
actually two different frequencies conslsting of the desired freguency plus and mines
twa timesz the Ind LF. frequency, elther of which {(pius or minus) con be tried. Firste,
you have ta determine the Znd LF. frequency of your scanner. The very sorly Bearcot
250 models hod o T0LBS MHz 2nd LF., but later 250's, s well oz othar Searcats
lincluding current Uniden meodels) use 10,8 MHz. Reclistic models (except
PRO-2004/2005, as mentioned) use 10.7 MHz. Mow, here is the formula ta use:

Freq. ta pregram in = Desired Frequency + (2 x 2nd [.F. Frequency)

Make: « means ples and minws, yielding two different imoge frequencies that con be
programmed into your sconner to recewve ouwt-of-bond signols-—- ossuming that your
scanner is copoble of funing the imoges.

Exomple: Suppuse you wonted to receive 417,550 MHz on your Reolistic FRO-2002
{which has o 10.7 MHz 2Znd LF.}:

Freq. te program In your sconmer = 417.5350 4 (2 » 18,7}
417.550 + 21.4
A17.550 + 21.4

Frequaney | = AJB. 750 MHz, or:
= 417.550 - 21.4
Frequency 2 = 394.150 MH=z

It's unlilkely thot your receiver will receive 3%6.150 MHz, so you'll progrom in
438.950 MHz, but either would work equally well if your sconner hos the capability.
Mow, when aony signols are present on £17.550 MHz, your sconner will pick them up on
438.750 MHz virtually os clear ond strong os if the sconner were actuolly designed to
raceive 417.550 MHz. There will be some dogrodotion of signel strength and guality,
but not much. This idea will work in oll YHF, UHF, UHF-T, ond even the BJ0 MHz
bands.

Monitoring GQuiet & Seldom-Used Frequencies. Who has the patience to hover over a
scanner while guict, seldom-used frequencies are being "wotchod" for their occosional
flurries of activity, or for activity in the middle of the night, or while you're not at
home? Are you going to caoll in "sick"™ to say you're waoiting for aoctivity on some
frequency? 5till, you con be certain not to miss any of the octien. Here's how.

What you need is o cossette tape recorder with o VOX (voice octuated} function or
an external device colled o "Tope Recorder Switch." The principle of either is simply
thot the fape recocrder sits there in "pause" meode ond does nothing wvntil o signol is
received. At that instant, the sound triggers the tope recorder, which records the
audio for os long os sownd is present. When the sound goes oway, the recorder returns
to the “"pouse™ mode ogain.

With orn orrongement like that, you con set your scanner to a desirec freguency and
go ta bed, to work, to school, to o movie, or wherever. CTome bock hours loter, ond
anything thot tronspired on that chornel will have been recordsd without any lengthy
dead periods between fronsmissions,

A nifty "Tope Recorder Swirch" circuit ond detoiled instructions are given in this

56




lepe Tecorders are hardy soanning accessorhes.
Flrst yau hewa b deviza & way to gat them to
retucd only when Lraremlssions ere taklng place,
then pau've gat to imorovs the sudlo guallty trat
your scarcer Fesds inks a recorder. Ses bextk,

book in the chapter on medifications, but if thiz doesn’t interest you, Rodie Shack and
other companies carry a line of cossette recorders with the VOX function. Te work ir
that way, oll you hove to do iz connect an oudio coble between the "headphone" jock
{or the "tope rec" jack, if one exists) on your sconmer to the "mic" input jock on the
recorder. 5et the squelch on the sconner. If you are hooked to the "tape rec” output
jock of the sconmner, it may not moke ony difference fo the recording where you hove
the scanner’s volume control set. If you are using the "heodphene" or "earphone"
jock, the scanner's wolume control setting will have to be turned wp to o reasonable
level-- best thing to do iz fry o somple recording on a busy chonnel and then play it
bock before you wolk off ond leave the equipment to itself. Then, put the tape
recorder in the "record” mede with the VOX function "on." If the VOX level is
adjustable, you may wish to e=mperiment with different settings to ossure proper
performance when signols come through.

Mote: Sometimes, even with the sgquelch sef, the scanner will poss some noise that
you can't hear but which will nevertheless be detected by the tope recorder's sensitive
WOX circuits. If this hoppens, the recorder will not pouse, even when the squelch is
set, [F you caon't find a suitoble setting for the fope recorder's VOX function ko
overcome this, your only olternative rmay be to forget the WOX idea ond use the
external "Tope Recorder dwitch" described in this book. However...

«.'fet another opproach to recording signols without waosting o lot of tape during
silent periads [s by using an external deviee sold commerclally under the nome
Mitelogoer which does eszentiolly the same thing. One coble goes into this device from
the heodphone jock of the sconner and twe eobles come out of the device for
connecton ta the recarder, ane for rhe microphone Input ond the ather for the remate
Jock. Cheek eotalogs ond ads in seonner publleations for this irem.

See MOD-23 in the Modificotlons Chapter for a low cost refrofit kit thot automates
the memaory storoge of new frequencies found in "seorch" mode. This kit is for the
Realizstic PRO-2004/2005 and Is very wseful.

Grounding for Safety & Performaonce. The metol chozsis of all electranle aquipment,
especiolly rodios, should be connected to o good "true earth ground" for moximum
stifety ond performones. Good grounding proctices eon sove valuoble equipment froam
the effects of lightning and foults in the electricol system. The AC ground oz the
third wire in o three-wire electrical system is good enough for most safety purpases,
but this &0 ground is rorely o good REF ground.

An ideal grounding system for o menitoring post will consist of o short run of @4
solid copper wire loid out inconspicucusly behind station eguipment. The #4 wire will
be routed vio the most direct path te twe or more copper ground rods driven inte the
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eorth ot leasr B-fr. deep, The length of the ground wire between the station and the
rods ldeally will be less than B-ft., though os short as possible is even better. Llse
smaller Interconmecting wires, even alligoter clips, to connect the metal chassis of
your rodie equipment to the 4 copper wire hidden behind the equipment. Ground
wires should never have ony colls, kinks, loops, or sharp bends.

Copper sheathed ground reds con be wvery expensive aond there ore better
alternatives. Ten foot sectionz of copper water pipe, 3/4" ta 1" dlometer, moke superb
grovnd rods, provided thot the soil consistency will permit them fo be driven infa the
grovnd at least B ft. Crive in ot least two, and preferobly three or meore ground rods,
spoced one to five feef opaort. Interconnect them together with #4 solid copper wire
by soldering or with special grounding clomps ovoiloble ot electricol supply firms.
Connect the @& solid copper wire from the station eguipment to the ground rod
closest to the stotion. Cownterpoises are not necessary nor even suggested for
VHF/UHF rodic equipment. The important thing is a direct, short connection frem the
metal chaossis of oll your rodio equipment to "true earth ground.” Sofety will be
enhonced ond octuol performonce of the equipment sometimes con be notably

improved with o good ground.

Mever Introduce chemleals or salt te your greundlhg systerm. The initial slight
advantoge will seon turm te a lHability as the greunding rods reast te salt ond
chemicals by corroding. Correslon I o great Insulator. If nethlng else, ar least run
#14-718 solid copper wire from the metal chassis of your sconner to the screw thot
holds the AC wall owtlet cover ploce to the receptacle box. The metal support
structure of AC receptocles, ond consequently the screw, ore wsuvally AT graunded,
which iz better thon no ground ot all.

Speaking of no ground ot all, please, never cut eoff the graunding prong frem the
AC eonnector on any of your equipment. It was put thers For your sofsby,
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Chapter 3

Cellulor Mobile Telephone, Explained

The Electronics Communications Privocy Act [ECPA) of 1784 sxpressly makes it
illegal ta menitor cellulor mabile telephons conversations. This come about after rmuch
furor, consternotion aond sheer panle from within the cellulor industry ond its
customers. There were fits of aonxiety, opoplexy, indignotion, whining, ond gnashing
of teeth when they reolized thot 800 MHz-band sconners were ovailable ta the generol
public that could be pregrammed to pick up cellular calls just as eosily os NOAA
weother forecosts and the lecal fire dispatcher. It seems that cellulor users haod
olways assumed that the hondy car phones offered just os muech privocy as landline
telephanes, and the Industry had olwoys reassured these people that such was the cose.

After conziderble blckerlng ond pleading In Woshingten, rhe ECPA waos possed by
Congres: ond signed into low by President Reagon. 5o, now it's [llegal ta listen to
cellular phone conversations, even though your scanner came factory-mode  to tune
those frequencies, or you legally modified your scanner, or get o converter that
permits  tuning  the bond., The Federol Communicotions Ceommission ond  the
Department of Justice hove both esxpressed sericus reservations obout their ability to
effectively enforce the ECPA, even if it wers high on theic ls! of priorities-- which
it ism't. A short reaction of common sense suggests that the ECPA, os it opplies to
the monitaring hobby, is lorgely on unenforcechle toothless tiger and, for that maotter,
an obsurdity thaot at least impresses cellular customers with the foet thet there's now
a federal lew that guorantees them communiccotions privacy.

On the other hond, the ECPA fsn't directed solely ogoinst monitoring cellulor
telephore  conversations. Foct  is,  it"s octually  illegal te intercept radio
communlcations thot eriginate from or terminote in normally private londlines. In
fact, that includes rmost mlcrowove ond satellire tronsemissions ond even broodeost
sfudio-transmitter links near 24 MHz ond #50 MHz. It's even lllegol now to descramble
scrambled transmissions. There are esxceptions ta the ECPA, Including hom and CB
tronzmissiens, cordless telephone eguipment, oircraft ond  maritime  transmissions,
broodensting stotions, governmental communications, ond several other categories.

Jome hove sugpested that the ECPA might be unconstitutionol, but that would be
for the Jupreme Court to decide for someone who hod the resources to pursue the
motter there. The bottom line, however, lz rhat the ECPA doesn't moke it illegal for
persens to manvfocture, sell, own or modify equlpment that s copeble of tuning the
frequencies used for cellular operations. It's just that it's illegal to listen!

This chapter explains the cellulor concept and how [t ocparates, becouse it's quite on
interesating orrongement that's quite vnlike anything else in the VYHF/AJHF spectrum. It
should be of speclol Interest te enginesrs, technicions, students of communicotions
systerns, ond those low enforcement outhorities whose activities would be enhonced by
o better understanding of how the cellulor telephone system works.
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The Cellular Concept

Twe bonds of freqeencies between B00 MHz and 700 MHz hove been cllecated by
the FCC for cellular telephone service. This portion of the radic spectrum iz noted for
short ronge communications, especloally with low power rodias ond lew gain er
deliberotely inefficient ontenmos. This unusual eombinotlen eof limitations, howsewver,
joins forces to make the cellulor concept work., The cellular idea is low power, short
range, ond frequency reuse.

The heart of the cellular concept is the cell site, which is o base stotion designed
ta hove o range of 3 to 5 miles. An urban cellulor system is designed cround o number
of cell sites ("eells"), ecch strotegicelly locoted se that its orea of coverage will not
serlowsly everlop an odjocent eell. A small city or metro areo might reed as few os
thres to flve cell stations for odequate coveroge, whereos o lorge meftra complesx
might require twenty or more cells to cover the area.

The purpose of the cell site is to reloy voice communications te ond from mebile
telephones within a small and restricted orea of coverage, ond only for those mobiles
within its range. Thot reloy depends upon a speciol format of high speed digital
communications that con be monitored ond processed by o computer. Therafore every
cell sire srotion has a band of frequencles osslgned te It, one or more of which are for
digital {nen-velee) contral clrevits and the rest are for volce communicotions. Each
frequency ot a cell site has its own tranzceiver, with tramsmitters operating between
870 MHz to 890 MHz (847 and 894 MHz In same metro oreas wlth exponded channal
service). Mobile units tronsmit 45 MHz lower, 825 to 845 MHz (in some metro oreas,
Bid4 to B4F MHz). Eoch cell site hos vp to Forty-five voice channel traonsceivers
{frequencies), ane digltal centrol channel tronsceiver, ond one "locating" rzcaiver. All
transceivers, mobile and cell cite, are PLL synthesized and their frequencies coan be
charged of any time upen command by the system computer.

The mobile unit, when it s initially turmed on, outomotically scons the digltol
cantral chanmels, and It might recelve signols from severol cells. The mobile unit
wlll determine which ane Is strongest and then locks onto that signal-- presumably and
usually it is the cell closest to the mobile unit. As the mobile unit trovels, sconer or
luter that particular contrel signal will fall below on acceptoble level at which time
the mobile unit ogoin scans the control chonnels secking a stronger signal. TF it finds
one, it locks on te the strongast, If it finds nothing, the moblle unlt then goes into its
"Mo Service" or "Qut of 3ervice" mode ond wen't he oble to used again until it ogain
comes within renge of another cell. Marmally, the cells oll overlop so thot service
isn't disrupted within o given region. A maojor aspect of the mobile unlt Iz IFs "slave"
status, which mokes it respond to and do whatever the system computer directs,

In odditlon ta the stondard telephone rumber for coll-in purposes, each mebile
telephons has Its own unlgue Securlty ldentificotion Wumber (SIM), which is built intoc
the unlt ot the foctory, ond ro fwo 5IM's ore idemtical. The 5IN con never be chonged
or removed. This ollows the system computer to recognize when ony glven mohblle Is
pctive and permits digital communication with the moblle. All cell cites in a given
system are connected vio landline to the central computer site, wsually referred to os
the Mobile Telephane Switchlng Offlce (MTS0). The MTSD contrels the entire system,
remote cell sltes and moblles In commuonication with those zites. Here iz whot hoppens
within one secend when o mobile user presses the “Send" buttorn after dialing In the
desired phone number to be called:

l. The phone number being colled is fronsmitted clong with the mebile's own
telephone mumber and its 5IN number to the rearest cell site.

7. The cell site recelves the Incoming Information from the meobile and
automatically feeds it te o landline that 1s connected ta the MTS50 computer ot the
eentral office of the cellular service supplier.

. The MTED checks the maobile's telephone ond 5IM numbers for errors ond
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validity., This net only deters theft in the long run, in the short term It will quickly
spot a mobile subscriber whase service has been cut off for foilure to poy his bills,
and will alse spet meblle subscribers from other cellular service suppliers whese calls
may be refused,

4, Assuming there's no problem, the MTSO selects an empty voice chonnel af the
call site ond sends o digltal signal to the mobile unit via the cell zife to switch to the
desired channel.

5. The MTS0 ploces the call and conmects the landline phone to the selected
frequency af the cell site.

4. The mobile phone outomaticolly switches te the assigned voice channel for the
call.

When o party colls o cellular mobile, the MTSO might not know which cell the
mebile ls in at the time, so the MTS0 sends out o digital "page” signol for the one
mobile aver all active control channels at all c=ll sites, then:

1. The mobile, if it is octive, receives the poge on a centrol channel from a given
cell cite and automatically responds back with its identificatlon numbers.

2. The cell site posses that respense via londline te the MT50 which is then owaore
that the mobile i3 avallable te recalve o coll, ond knows in which cell site it is
located, The MTSD selects an unused wolee channel at that cell site and sends o
message over the confrel chonnel ta direct the mobile to switch to the desired
channel.

3. The TS50 switches the landline coll te the selecfed rodic veice chennel.

4. The mablle autematically switchas to the selected valee channel.
5. The mobile unit rings fo let the subscriber know a call is being attempted.

f. If the maobile subscriber doesn't answer the call within a short time, the MT50
switches the incoming call to a recording thot odvises there I3 ne onswer In the
maobile unit.

As o mobile trovels, it moy poss frem one cell ta anarher. As this hoppens, the
signal from the maobile will fade at the first cell site ond increoze ot onather cell
sife. All cells hove a "locating recelver" that monitors and meosures the signol
strengths from oll mobiles. When the signal ot the first cell site folls te on
unaccaptable level, the fellowing sequence hoppen::

1. The MT5C compares afl the signol reperts from the surrounding cell sites ond
selects the site that is getting the best signal.

2. The MTS0 selects on unused woice chonnel at the nmew cell site and sends o

digital control signol over the current volece channel being used In order to command
the mobile unit to switch to the new channel.

3. The MTS0 reconnects the circuits fo the equipment ot the new cell site ond the
conversotion continues undisturbed and without interruption.

This sequence is called o hond off ond requires less thon o third of a second to
complete. The effects are not very noticechle to the persons conversing.

Cellvlor Frequency Allocotions

In systems uzing the 870 MHz to 8¥0 MHz frequency bond for their cell sites, there
ore 4446 channels spoced at 30 kHz Intervals. In exponded frequency systems uvsed in
some mefro areas (cell sifes tronsmitting on 84% to 894 MHz), there ore 832 chonnels
spaced ot 30 kHz intervols. All cell site/mobile frequency poirs ore exactly 45.000
MHz opart, with the mobile units on the lower frequency of the pair {i.e., cell cite on
BY31.810 MHz would be paired with mobiles on 828.810 MHz).

63




By low, twe companies in ony glven lecality are permitted to operate cellular
rohile felephone serviees. One service provider 13 olwoys e telephens compony ond
the other provider moy be anything except o relephone company. In cellulor service
jargon, these twao types of compenies are referred to os wireline ond non-wireline
providers. Both componies provide essentially the some services; the only differences
to the customer perhaps being the cost and qualitative aspects of the service. In other
words, one company might charge more or less thon the other, one company's system
might have fewer deod spots, one company might offer coll farwarding or other extra
optionol services. But, mostly they ore pretty muoch the same, except faor the
frequencies on which they operote. The two componies do not zhore the same
frequencies.

The wireline provider's cell cites in a systern in the BP0 ro B8F0 MHz bond would
occupy the B&D tao BF0 MHz |:‘:||:hrll|:lr':|J while the non-wireline previdar's eells fronsmit

in the B/0 to 880 MHz partien of the bond. Remember, the mobile units associated
with these zystems operote frequencies paired exoctly 45.000 MHz lower. This offset
permits duplex {simultoneous) two-way conversations as an o londline telephone,

Table 3-1 shows the specific bands allocated to cells {boses) and mcohiles of the tweo
types of service providers operating in the 870 to 8%0 MHz format system.

Table 3-1

CELLULAR BAND FREGUENCY ALLOCATIONS

Wireline (telephone company) cell sites (bases!i g980. 020 - BBT.989 Mhz
Wireline {(telephone company!) mobiles (car phones): B35.020 — B44.780 MH:z
Mon-wireline company cell site (basesl: B70.03@ - BYF.99Q@ FHz
Mar—=wireline company mobiles {(car phonesi: 225,830 - BI4.79@ MHz

dince cellulor systems ore computer contrelled ond operoted, the digitel dota
channels ore alwoys geing full blost with an annoying buzzsow sound. These control
frequencies are shown in Table 3-2.

Table 3—-2

CELLULAR MOBILE TELEPHONE COMPUTER CONTROL FREGUENCIES

Wireline (telephone company) cell site (bases): EE0.228 - 9890, 520 Mhz
Wireline (telephone company) mobiles (car phones): 835.020 - B35.620 MHz
Morn=wireline company cell site {(bases): B79.359@ - 879.57@ MH=z
Mon—wireline company mobiles (car phones): B834.390 - B34.970 MHz

With 30 kHz chonnel-spocing, in a typical 870 te BBO MHz, or 880 ro 870 MHz
system, there are twenty-one computer confrol chonnels and 312 channels for volce,
for o tetal of 333 chonnels for each zervice prowvider. This, then, breaks down into
what might be consldered several volee bonds for cell sites and mabiles:

Bond 41 870.030 to 87%.340 MHz (Mon-wireline cell sites)
Bond 42 BB0.650 to 8B7.9B0 MHz (Wireline cell sitas)
Bond #3 835.450 to B44.980 MHz (Mon-wireline mobiles)
Band #4 825.030 to 834.340 MHz (Wireline mabiles)
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The boses (cell cites) use mare pewer than the mobile units, and have anterno
sysftermz that are higher and mare formidible thon the mobile units, As o result, the
cell sltes present strang signals, Mereover, in almast all Instances, the cell sites
transmit both sides of all conversotions inasmuch as they repeat the received signals
fram the mebile phanes with which they are in cemmunication.

You might wish ta refer 1a Tobles 3-3 and 3-4 which depict the unigue freguency
lavout fer up te sewven cells, This is o complete cellulor system frequancy leyaut plon
far wireline ond non-wireline systems. Visualize a system this way: In order ta avald
adjocent [side-by-side) cells From having the some frequencies te interfere with one
arnather, seven cells ore required; one ot the eenter ond six mare surrounding the
certer cell. There is no porticulor pottern oz bo how Cells "A"Y through "G" have te be
lafel eub. That is, Cell "D" con just oz readily be o center cell with the athers eireling
it, oz could any ather combination. In o metre syitem consisting of mony eells, there
isn't any such thing as o "center" cell, becouse every cell Is, in effect, o "center cell"
with respect six others which surround 1t.

Censrally spedking, two eells con [ond do] opercte on the some freguencies when
they ore separoted by ot least one different cell. Actually, the seven cell system unit
as depicted in Figure 3-1 is used over and over. Twa or even more odjocent cells on
different frequencies ore located between any twa cells on the some frequencles. The
cellular  concept thuz fake: odvontage eof lew powered, short range B MHz
propogation te reuse the some frequencies of several different cell sites In o lorge
retro region. If this weren't paszsible, then only 312 simultonecus conwverszotions could
toke ploce of ony one Hme, os it §s thousonds of simultoneous cenversotions could be
oceomadated within o lorge eellulor system, thanks to freguency reuss.

Anather foctor here is the unique side effect of Frequency Medulation (FM) where
on FM receiver exclusively "hears" the stronger of two signols presented te it on the
saome frequency. 5o when cells en the some Ffrequency are seporated by one or more
ezlls, even thaough o mablle might be pesitioned te detect signols from either, it
actually will occept only the strongest ene. The odds are very zlim of the mobile
bhaing located precizsely where the bwe signals are exoetly equel. But even in thot cass,
the odds against interference cre Improved even mere becouse chanees are wirtually
gertoin thot the maoblle wauld be ynder the control of o stronger third cell site signal
an a different freguency.

Mot only do adjdcent cells not  use the same frequencies, but no two cells use
adjocent frequencies. For exomple, a given cell {Cell "D") that transmits on 880,750
MHz will not transmit on 380,980 MHz nor on BB0.P20 MHz. Likewise, mchiles within
any given cell will not tronsmit on adjocent frequencies. This orrangement prewvents
adjocent channel Interference In receivers located at cell sites ond mobile units. FM
receivers ore nof very selective to begln with, and the use of adjocent channels would
couze interference within o cell. The scheme depicted in Tobles 3-3 and 3-4 was
created to minimize the chances of adjocent channel interference throughout the
entire cellulor system. Mote thot each cell is allocated 47 or 48 frequencies, with a
spocing of 210 kHz (seven chonnels) between each assigned freguency. In that manner,
adjocent frequencies are not vsed in the some or odjocent cells.

Discussien of Figure 3-1. Figure 3-1 illustrates the concept of a very lorge cellular
mobile felephane systerm. Cities ond metro complexes ore rarely symmetrical due to
geographical and other conslderatiens, so Figure 3-1 is elongoted to simulote the
configuration of o realistic esllulor network. Cities tend to grow olong roilroods,
rivers, and mojar highwoys, <o the cellulor system here is designed accordingly. Most
are not this large, with the typical systerm cansisting ef thies to seven cells. Small
communities might even be served with o single eell, while metra areos like Los
Angelos ond Meow York City might consist of a number of interconnected systems
fonned out to form o huge network. Frankly, size doesn't marter, because of low
power, shart rorge, and frequency reuse. The potentiol size of a cellulor system Is
unlimited, so let's use Figure 3-1 to discuss how a "typicol" system iz structured:
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Figure 3-—1
T wyvpical Cellular
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1. Cells of the same letter operote an same frequency groups. 3ee Tables 3-3 & 3-4.

2. Mumerlcal designotor distingulshes cells of the some letter/frequency group-- other-
wise there is no difference.

3. Two componies are permitted to operate cellular systems Im ony glven mefro ored.
The two systermns will be loid out functionolly as shewn obove, but the physical

layouts will be different.
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1. A hexogon is used to depict o cell's coveroge territory, but the actual coveroge
wouldn't be thot shope; It world be more-or-less circulor, depending upon terraln ond
geagraphy. However, circles don't illustrate the cellulor concept as well as hexogons,
and that is why hexogons are uswally used in diagroms of cellular systems.

2. Mo two odjocent cell sites use the some frequencies. In other words, two Cell
"A's" are never side-by-side, nor twa Cell "B's,” nor Cell "C's," etc. At least one call
site on different frequencies is olwoys locoted between two ather cell cites that ore
assigned the same frequencies.

3. Na twa odjocent cell sltes ore ossigned odjocent frequencles. 5o, Cells "A" and
"B" ore never located next to coch other. Meither aore Cells "A" and "G," or "B" ond
"C," ete. At least one different cell site is alwoys located between twe other cell
cell sites that are assigned adjocent frequencies.

Surmrnary: Eoch cell site is always ossigned frequencies thot differ by 80 kHz or
rnore from cell sites that ore adjocent to it

Thiz infermation, while perhops boring te loy readers, might be very useful er hondy
to persans such as low enforcement effleers performing court-warronted electronic
survelllonee on cellular canversotions ef o drug dealer—- Inosmuch as DEA ond other
enfarcerment officials have leng been owore thot cellular phenes hove become heovily
used by drug trafflckers.

S0, ler's zoy thoat on outhorized survelllonce Is taking ploce and the suspect is
maonltared on BEO.740 MHz, which is depleted in Table 3-3 under Cell "D
Everything's fine, ond the suspect starts to odvise his porty to meet him at--—---—- , and
then right at the cruciol moment, the suspect's car enters the control of o different
cell site, and presto, the channzl goes dead. Putting the scanner inte "Limit Search”
mode in on attempt to track the conversation would bring only frustration; might o=
well have o ecup of coffee and call It quits for the mnight. Chances are that the
spgpect's resumed conversation will ot be encountered. The "Search" mode trocks in o
linear, censecutive-fregquency order, either higher or lower. [f the suspect's
corversetion should be reloceted, it would certainly toke o while.

There would, hawever, be 0 way of Inereasing the chances of zercing baek In on the
suspect. First, the sconner would have te be programmed with each individual cellular
frequency In order by eell sites s depleted In Toble 3-3 or 3-4. For such an operation,
it would be highly beneficlal ta he warking with o Realistic PRO-2004/2005 that has
undergone the 8,400 chonnel memary madification autlined in thls book (MOD-14) so
that wireline and ron-wirellne cell site charnels could be progrommed.

There wouldn't be any reasan te pragrom any of the data-only cantrel chonnels, but
the sconner could be pregrammed with Chonnel 1 = 880,430 MHz; Channel 2 - 880.840
MHz; Chonnel 3 = BBLOFD MHz, ete. Chonnel 40 would hove 888.840 MHz, then
continulng with Ch. 41 = 887.050 MHz and ending all Cell "A's" programming with Ch.
A5 - BEY.BY0. Then, all zero's would be entered inta Ch. 45 ro 50, with Cell "B
programming as: Ch, 31 = 880.480 MHz; Ch. 5I. - 880.870 MHz; through Ch. 75 =
B87.920 MHz. All zeres weuld go inta Ch. 73 te 100, and Cell "C" progromming weuld
start In Ch, 101 with BBC.710 MHz. Get the picture? When complered, the wireline
company's 312 volee channel's would have been progrommed Inte the agency's sconner,
organized by cell sites and frequency ollecatlons.

Thiz would be porticulorly useful to the surveillonce officer becouse, as noted
earlier, when a mobile unit posses from one cell to onother, the new freguency will
not be in the old cell's ossignment nor will it be an odjocent frequency! Therefore,
one could logicolly eliminate the frequency ossignments of three cells from any
canslderation. 5o, when the suspect's conversation gets honded off fram one eell te
anather, up to three scon bomks that are known nat to contaln the coll are deselecred.
The sconner could then check for the resumed corversotion on the remoining sites ond
probaobly locate some rather qulckly, os In the following example:
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Table 3-3

WIRELINE COMPANY CELL SITE TRAWSMIT & MOBILE RECEIVE FREQUEHCIES
CELL A CELL B CELL C CELL D CELL E CELL F CELL &

—-——= 4 8.8 8 | F | = . SEaEETa@ BFEEE== BEEEFEES ===
BES.E9P  BE9.92d @B9.959  EEG.98H

EE5.688 889.7180 BES.T4F BB9.77¢ HE9.BPR  BEB%.H1d 969.868
B69.4T8 889.589 989.338  B6Y.568 689.399 GBE9.62@  889.650
BB9.268 889.299 BE9.32¢ 869.35¢ BBO.3BR BBO.41@  G89.440
BeS.958 889.¢488 8A9.118  BA%.14F ©89.17R GEO.ZEE  889.2138
Ged.048 988.879  BEG.5FF B83.930 BEE.%6F  HBEB.99€  B809.018
BEB.638 BEB.660 BOB.G9F BBB.71F 88B.759 EBEE.7BE  88@.8l8
EEE.42d 888.43508  EBE.GEF  BE8.519 BEE.54R  BEB.3VE  A88.000
- BEB.218  BEA.240 BEE.ZTP  EEH.3HF 098.330 GBBE.36E  884.399
: B6G.##F  O88.930 GO6.A6F  BBY.999  66E.1IF  BEEB.15@  B94.149
BBT.TS@  BE7.32@ B887.658  BET.88F 9A7._9i@ BEV.%48 837.978
BET.5388 8487.618 EET.bed HA7.674 BBT.TER  BEY.73@  987.760
BET.37T8 BEB7.480 887.4538  BAT.46F 2 0AT7.&99  BEV.32@  847.558
BeT.168 887.19@ EBET.22# 847.258 BBT.IBR 6BV.31@ BE87.340
BE6.938 886.988 8&7.018 BBT.A4F OBT7.ATR  BEV.1E@  887.138
Be6.74¢ 886.778  GBEG.BEF  BA6.830  GBGGR.GEF  G686.899@  BO6.918
BEG.338 886.568 BE6.3G5P  BBG.62F HBG.63Q BE6.6BA  8E6.71A
BB6. 328 886.338 EBE6.3BF 8d6.410 GBEG.44F  BBR.47@  G86.508
; EEG.11@ 886,148 BEE.17E# BEG.20F BEHG.Z3P BED.26E  386.190
: Ba5.948 885.93@ EBS .96 AA5.998 GEG.BINF  BB6.858  G306.P5R

E EE WE e
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| BES.698  885.72@  BES.T754  BAS.78¢  GB5.6ER  BB3.B4E  A45.878
! B85.488 883.510 BB3.54@ AA5.578@ BE3.6BH  885.638 G85.668
Voice EB3.27T8 885.380 BE5.33F  BB5.36F  BB5.399  BB3.42F 885,458
Channels 883.468 885.899  EB65.128 9853.159@ GBES.1B88  885.218 8B63.140
! BB4.85%8  884.888  BB4. 518 884,948  BBA.9TR  BBS.80E  885.038
' 844,640 BB&4.ET7P  BE4.780  BAAL.T3P  BEB4.TEA  B34.T98  GBL4.B1E
: 884,438 984.46R  BB4.4%F 0 H84.520  BBA.53H B84.38@  864.618
| 884.220 B84.139  BE4.280  BA&.310 BB4.34F  B84.378  GEL.4ER
i B84,810 0084.P&P  BE4.EVE 884,180 BBG4.15F  BB4.164  884.158
i A43.4908 B8B3.B3P EB63.4608 B83.890  BE3.02F 443,938 §B3.%968
: B62,5%¢ 483.02@ EE3.034  B83.088  BEI,TLR BB, 744  88I.7TR
; 683,398 883.410  BE3.44d  831.478  GES.3RF 883.538  89631.368
| B63.1/¢ 883.200 B63.23d  B8).200  BBI.I5F  BB3.320  933.358
i f82.968 682,999 BA3.¢i@  G83.859 GBO.HBF 0 983.108  B63.148
i g82.75¢ BBz.7BR@ GBL.61d B8:.940 GELI.GTE  BBL.9@0 998Z.528
| 882.540 662.379 BBZ.od@ 63l.63F  GBL.e6F  982.638  BEL.TIP
| 882,339 882,308 BB2,3%F  682.4280 GELI.43F  B8L.580  60E.51R
| 8a2.129 BB2.159 BB2.18F @82.119 BEl.14@ BBZ.27F BB1.3DD
: 881.918 BAL.949 BB1.97¢ 882.80F BBL.P3F BB1.950 BHL.PS9R
| gal.7e@ BHL.739 B81.760 A81.79F BBl.B2F 881.556 EB1.BEE
: 881.498 881.529 BB1.550 981.58F BBL.6lP BBl.54F BBL.ETD
: 881.288 BB1.319 BB1.34@ @81.379 BBl.4H@  481.430  EBEL.46R
; 881.87¢ 861.10Q0 BBl.136 B881.168 BB1.198 881.22F BHBL1.25D
| f8@.960 ©OP.B98 BEBF.928 BAEA.959 GEF.9BF A81.018 BEL.B40
: B8@.65¢ 0B@.G8@ EBEA.T18  BEF.74F BED.TTR  EBH.8HF  HED.B3D
Digital 6G8P.440 BEO.&TP BES.5HF BEH.539 GER.56R  BEE.59F GOH.6IR
Contrel 884.238 B88@.26P BBE.199 889.319 BBB.35F BBF.388 BER.41P
Chennels 888.820 080,058 EED.PBF BEE.110 GOR.14F GBB.17F DOP.10B
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Table 3-&

CELL A CELL B GELL C CELL D CELL E CELL F CELL G

o EEEEEEE FERETEs -1 = === F===3=3
Digital 879.98¢ @79.938  BV9.96@ 479,909
Control 479.698 BTS.718 479.758 B79.TER gi9.81@ BT79.B48 B79.878
Chanmels B79.488 B79.51P B79.548 479.57A BV9.GAF A79.63@ B79.668

e e 879.398 B79.42D B79.458
879.270 B79.3P9 879.338 A79.36F c-cemcmccemccccscccssccsaee-
979.068  BT7G.E%F  A79.1:28 BTS.L3E  879.13@ AVS.ILR BT9.244
g78.858 97B.6EP BVH.%1F A7A.94F BVB.9TE  AVS.PER  BT9.B2@
470.658 EB7B.67A  A78.7HR BYB.TIE 874.76d ATE.T9R  BTH.BLH
878.43¢ 676.468 B78.49¢F B7B.52B EVB.558 B78.588 BVE.6l@
478.328 BT7B.238 478.288 BTE.3LR  AVA.34d ATHE.37R  BTH.4HH
§78.418 87B.A4%@ BVR.ETH ATA.LBR  BVE.13F AT74.168 BTE.1OH
477.888 B7V.B3F  477.868 BTV.BSE  BVY.9E@  ATV.93R  BTV.94F
877.39¢ @877.628 B77.658 B7V.06BA  BYV.V1E  B77.74@ BYT.778
d77.388  BYT.AL1E BTT.44Q B77.47T0  B77.588 B77.53P B77.568
877.178 877.18@ BV7.23@ B77.Z6@ BYT.29¢ @77.318 ETT.358
Bi6.968 B76.9%8  877.418 B77.B38 &877.888 B77.11D B77.148
876.758 B76.7BA B76.810 AT6.BM@ BT6.87F AT76.900 B76.%38
876.548 BT6.57T8 376.680 B76.638 B76.0668 BTE.B9F BTG.71F
476.338 B76H.36@ B76.39F B76.429 B76.458 B76.4E6D ET6.318
g76.129  ETG.158 E76.188 BT6.218 @76.248 BTE.2TH  B74. 368
A75.908  B75.%4@ B75.97¢ B76.P@P B76.H3@ B76.PED BT6.H98
B75.788  B75.738 B75.76D ET5.798 875.828 B73.B38 B75.388
875.490 B73.528 875,558 B75.36@ B75.61F B73.64P BT5.678
g753.268 BT75.316 B75.34P9 ET3.3TF  875.588 EB73.438 B73.468
Voice a75.878  B7I.1B8  B75.139 B75.168  875.1%8 B75.221B BT5.258
Channels B74.B68 B74.898 B74.918 BT4.9538 975.988 B75.B1F B75.848
874,638 BT4.688 874,718 BT4. 748  374.778  874.BRR B74.830
B75.548 B74.478 BT74.588 BT4.338 O74.568 B74.598 874.618
874.238  B74.268 B74.29@  BTL.328  875.359 BTL.3BR 874,418
BY4.028 874,058 BTS.DER  BT4.11F BT7A.04R@  BTA.1TH 874.100
873.6818 B73.848 873.87@ BTI.0@@ 873.930 B73.968 B73.999
BY3.6BF B73.63¢ BT73I.668 BT73.69F B73.728 BTI.TOE  873.78@
873.398 BT3.428 873.459 BV3.4B8 973.51@ B73I.54@  873.370
B/3.1B8 873,218 B73.248 BTI.2TH B73.3ER  BT3.33F 873,368
472.978 B73.8@@ 973.83@ BT7I.P6@ 873.099 BT3.12@  B73.1%8
872.768 BT1,798 B71.BI@ BT1.858 872.8089 BV1.91@ 872.940
872.5580 B71.588 @71.618 BTl.64@ BT72.670 BTI.TER A72.734
872.348 BT2.378 BTZ.48R BT1.43F O71.468 BT1.498  872.518
a72.138@ BT1.168 872.199 BT71.12@ 872.258 BYI.1EBR A72.31F
871.%28 B71.93¢ BT1.98@ GT1.81d O7i.059 BT1.8TH  AT2.1@8
a7L.71A  BTl.T48  371.77B GT1.688 871.838 B71.GEB B71,896
B71.58@ B71.538 B7L.568 BT1.398 B7L.6190 EBT1.63F @71.68@
B7L.25%8  BT1.328 B71.358 BT1.388 871.410 B7l.44F B71.478
B7l.PB8 B871.11@ 671.148 B71.17F BTL.ZPR BV1.2138 A871.168
BYA.BTE BT7H.98@ A7A.93@ BTP.06H ATO.999 BTL.R2@  A71.8%9
BTE.66F BTH.498 E7T8.7TI8 BTE.73@ B7R.TEBP GTE.B1E @7P.048
B78.458 B7H.488 BTP.518 BVF.54@F A70.57@ GTR.6EP  BTH.G63E
E7R.148 BTH.27H BTE.38F BTH.33F BTR.36P BTP.39F ATP.&20
G78.B3F BTE.860 ATA.B9P BTE. 128 87@.159 B7@.1BR B7@.219
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suspect iz on o frequency in Cell "D" when the coll is switched. The officer
immediately knows thaot the rnew cell will not be "C," "D," or "E," so those ore
desalected ond the scanner does not bother with them. The suspect will be on only ane
of obout 180 possible freguencies, which the officer could locate within 30-seconds or
lezs if he knows whaot te do ond can reoct quickly encugh. If he had uvnsuccessfully
used the "search" to look for resurmmed conversotions, there were more thon 300
frequencies to check through that waoy. Mote: If the suzpect was originally in Cell
"A," then Cells "B" and "G" can be eliminoted as possinilities. Likewisae, if the original
call was in Cell "G," then calls from Cells "A" and "F" would be eliminated.

Remember: Cells of the saome ondfor odjocent frequencies ore never physically
located mext to one another! A judicious low enforcement surveillonce expert would
use both the "scon banks" and the "search” feoture oz fools to relocote o honded-off
cellular conversation.

Mote: Cellular hondoffs eccur quite ropidly, especiolly when a mobile goes from one
cell through the fringe orea of o second and then soon ofter into o third cell. The two
handoffs could toke plaoce within seconds, ond a search far the first hondoff could well
be im pregress when the second hondeff tokes place. Thot's when o cell map of o
porticular area or system would come in handy. Sometimes they can be sblaired from
eellulor service providers.
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Chapter 4

Performonce Improvement Modificotions for Sconners

Marny of the medifications in this First Editlon are for the popular Realistic
PRO-2004 ond PRO-2005 sconners, but plesse don't conclude that the outhor is
unfairly ond exclusively biosed In fover af these units or of Rodie Shock. Due to its
enarmous copobilities ond the sase with which it moy be modified, the PRO-2004/2005
has become the fovorite of serlous manitaring enthusiosts ond, in foct, in thot respect
it's almost the "only gome in town" ot present. Well, moybe that's a bit of an
averstatemant, but it holds mony elements of truth. Let me explain.

By the time 1978 had rolled oround, I wos a technical expert on more than fifty
brands ond hundreds of models of CB rodies. Part of the reason wos becouse there
were more thon 20-milllen ovld CB'srs In o morket thot woes even wllder ond crozier
than thon the CB'ers themselves, There were thousonds of CB rechnlclons ond a
rmassive grapevine olang which which wos possed tremendous omouonts of Infarmotion
about the rechnelogy of CB. There were several technical frade jeurnols, twe-dozen
CB habby mogozines, ond on unendlng porade of "how to" books, oll directed towaords
the CB trode ond hobby. [ was ormed with the wvast resources of that librory; maossive
hype in overkill proportions from o huge ond thriving market; direct support from the
monufacturers, and a lorge customer base that waos intermotionol in zcope. A any
given time, in those doys, | hod thirty to fifty CB rodios porked in my shop awaiting
repoair or modification. T couldn't help but become experienced with fifty different
brands ond hundreds of medels, Tt was kind of farced upon rme, more ar less.

I knew which models were the elunkers, ond which were the gems. And it didn't
hurt thot ot leost three publishers pumped out CB service ond repair manwvols on o
manthly basis so thot all but o few of the most obscure no-nome cheopie imports were
covarad, Eoch volume, costing about 55, contoined service ond repoir info on anywhere
from five te twenty rodios. Whaot thot reference library, there wosn't onything thot
couldn't be mode ta work again, or modified te exceed its criginal copabilities.

By controst in any given yeor, only one or two scanners ever come inte my shop
far repalr, and none for medificotion. Thers was me such thing a3 a tech llbrary fer
scanners ond eoch service monuol hod e obtalned seporately from the monufocturer
at obout ten bucks o hit. This situotion hasn't chonged much, but one harbinger of
possible transition was the infroduction of the Realistic PRO-2004 in lote 1984,

Slhee then, o new era hos been unfolding. Mony PRO-2004's hove come across my
service bench-- rorely for repalr, mostly for medification. Modern scanners are very
relioble, If the owner tokes reasoroble caore, the sconner should operate without
problems for a wvery lang time. By compaorison, many CB sets of the 1970's were
cheoaply designed, maoss produced and morketed, ond were wery susceptoble te follure
frem their awn inherent design ond monufocturing foults to outside foctors such as
artenng prablems. Shorr of lightning strikes, voltoge surges, or being left out in the
raoin, outside influences hove little effect on fallure rotes of sconmers. Madern
sconners ore a product of the digitol revolution, their reliobility is exceptional thanks
to advonced monufacturlng  rechniques, better voltoge stabilization, ond higher
rellabiliry componants.
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Anather thing to conslder [s the market itself. There are only five scanner
manufocturers of ony significonce-- Reolistic (Rodic  Shock); Uniden/Beorcat:
Uniden/Regency; Dynoscen Cobro, and AOR. LLL. hosn't been in evidence for guite
some time and may me lenger be octive. ICOM ond Yaesu are reaclly ostep beyond the
"scanner” market. 5o, with five morufecturers and maybe Fifty bose ond handheld
moedels omong them, there isn't o wide ronge from which te choose.

That's not the only problem, becouse it would be easler to become fomlllar with
fewer brands ond models. However fewer manufocturers and models Is a sign that this
market is cbviowsly smoller than wos CB, ond hos a smaller consumer base. In the late
1770% there were thousonds of shops thot did nothing else but sell ond service CB
equipment, ontennos, and occesscries. There ore probably very few (if ony) shops that
sell rmething but scanners and related p-rnduc,’rEfF:ll:l:EEEn::riEE, although some mnational
mall-order flems speciolize in sconner preducts, often supplemented with hom, CE,
video, computer, or telephone products.

30, compared fo whot CB was in its heydoy, the sconner market Is relatively small.
Whotever size it is, soy a million or 5o avid hobbylsts, they don't support or foster an
“aftermorket," except perhopsz in the area of frequency directories. This is to say,
some ?0% of sconner owners surfoce every few years to buy o sconner ond perhops
replace their ontennao systermn, ond then they vanish until its time te reploce the
sconnar again. Mast scanner owners aren't aware thot their scanners con be modified
and mode better-- of course, they might not be interested even if they did know.
Sconning just Isn't the wild type of hobby that CB was, with its odherents constantly
seeklng the next statlon-Improving occessory, and the next, and the next...

With only a few exceptions, scanners just aren't serious, high-performonce rodics.
FRodio Shock hos o couple of top-of-the line rigs to interest the seriocus menitering
enthusiost. AOR ond Regency eaoch offer o couple, ond Beorcot hos maoybe two or
three. Cobra produces several moedels.  The majority of whot's ovoiloble, with the
exception of the few units | mentioned, are rather simplistic scanners thot offer
limited freguency coverage, no choice of receiving modes, relatively few memory
charnnels, slow sconnlng speeds, ne search copobilities, na ability to chorge freguency
Increments in search mode, and other friltls.

Here's the problem In crystol-clear perspective: Son Dlege, CA Is o large metre
ares with several milllen Inhabltants. Every rescurce lmaginoble is in the orea, but |
couldn't tell you where In the mefro area to waolk Inte a stare In or around San Dilego
and buy a new Bearcat sconner! One CB shop | know of might hondle o Unlden
scanner now and ogaoin, but certainly doesn't have the complete line on display or in
stock. Another CB shop stocks o few AOR sconners, but they're ocross tawn.

This type of thing hos coused the persen who waonts to reolly get serious obout
seanner monitoring to toke the poth of least resistance. That person takes a shert frip
ever te the closest Rodio Shock {7,000 locations) and buys a Realistic PRO-2004/2005.
That's why there are probably more PRO-2004/2005 sconners in use thon all other
sconners comblned. This at leost implles, if net directly peints to, why everybody is so
Interested In mods for these sets, ond why much of the Information in this book is
directed ot thess scanners.

Here [s onother facter. Perhaps, becouse the PRO-2004/2005 (s so sophisticoted o
unit, that it has ottrocted o large following omong techrical ond hocking peeple than
any ather scanner models. There ore few other rodios to intrigue or interest people
whao get down to the serious interest business of hocking ond medifying. In my cose, 1
simply hod lots of oppertunities to work with these wnits in order te build o detailed
waorking knowledge for greoter than any other moke or model. They just don't come in
te the shop for medifications, ond It doesn't oppear that there ls much curlesity in
regard to most of the less sophisticated sconners. My extenszive correspondence with
scanner  monitors throughout the word is is olmest excluslvely concerned with
madifying the PRO-2004,/2005.
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Mote olie that the two leading sconner hebby publications, Popular Communicotions
and Monitoring Times have bath devated considerable spoce te medifications for the
PRO-2004/2005, witn very little similar informotion regording other scanners.

So, bosically, there's simply lots more information in existence relaring to the
Realtlc PRO-2004/2005 thon any other ten scanners combined. If you know of
additionol mods fer the PRO-Z004/2005, or of mods for other scommers, we certainly
would like to hear chout them frem you. We con publish enly whot we knew about.

While many of the moeds given in this edition ore PRO-2004/2005 specific, moest can
be odopted to other scanners with a little ingenulty and minimal grief. I used to some
of these mods years age on CB rigs, ond simply flgured out how te apply them to the
PRO-2004/20053 becouse the set lent it self so readily to being moditied. Others are
more specific, but depending upon the scormer, some medificakions might olso be
reodily odopted. The principles of the 6,400 channel modification (MOD-14} are one
example, which probobly can opply te mony other sconners that use B-bit stotic
rondoem occess memery chips. Some have told me that this modification can be easily
applied ta Increose the memory of the ICOM IC-R71A and IC-R7000, 5o if you see o
modification that you weould like to opply to your sconner, but oren't sure how to de,
try this: send me o complete copy of your rodic's Service Menual ond o self-addressed,
stamped envelope with one loose extro stamp {U.5. stomps enly), end I'll maoke o
serious effort to point you in the right direction. Thot's how I'm committed ta your
enjoyment of rodie. My oddress is: Bill Cheek, Cemmiranles Englneerlng, P.O. Box
262478, Son Dlege, CTA 72124,

Modifying Scanners

Absclutely every thing mode or contrived by the mind ond hand of humans has the
potential for modificotion or enhancement. In other words, if o human hond mode It
then chonces are a hundred-te-one thot it con be mode te wark betrer or differently
than whaot the maonufocturer intonded, Some things are more reodily or easlly modified
tharm athers, like buildings and cars. In sorme coses, major "aftermarket" Industries
arise to meet the needs for modificotions and consumer alterations. Examples include
home improvemsant centers, outomative parts stores, oudio accessory stores, comera
shops, ond so on. There's alwoys reom for improvement. 5Sconners ore prime
candidates.

In many lnstances, far the short-term, consumers get the products and fsatures on
Imdustry decides to give them, In the long-term, supply and demond becomes o factor.
The excsption 13 rstoble when new ideos ond prodects frem the leading edge of
technelagy or which dre ecomplicated beyond the average habbylst's abllity te
comprehend. When thot technology Is in a constant state of evelution ond progress, as
with scanners, the hobbyist hos olmost no input in determining the products that show
up on the market. Parhops if there were on opportunity for hobbyistz to hove
input with sconner monufocturers, we might demand ond pet considerably
different functions ond performaones spess thon ore presently ovoilable.

Menitoring the YHFE/UHF bonds fsn't on especlolly eld hobby. It begon In the lote
1940's oz on offshoot of the ham ond SWL hobbies, ond oz twoe wdy communications
begon to shift from HF te frequencies obove 30 MHz. These were frequencles that,
until technological developments took ploce In WWIL hod been thought of as being
exparimentol in noture. The first hobby equipment wos homebrewed ond converted
military surplus, then a few simple tunokle 30 to 50 MHz and 152 to 174 MHz
receivers appeared, 5till, this hobby wos belng pursued by very few people untll the
invention of the scanning receiver in 1748, For all reosonable purposes, the hobby
naminally dotes bock te the lote 19480's. 5Since that time, eoch new year hos brought
major, new developments In technology. Thers simply hasn't been time for the old low
of supply and demand to apply itself ta zconnlng. We toke what we are given as
monufacturers scromble to opply ecch new technology to what they helleve will
becoms o demond. But, now the time is ripe for the monitoring enthusiost to apply
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seme of that same technology in order te improve that great sconmer thot still doesn't
do guite everything ens would hope for.

Madarn sconners ore Integroted olong two distinctly different technolegles, analeg
ond digital. Analog technology is getting "old hat," while digital is relatively pew.
When the twe technolegies ore integrated, as In the cose of scanners, the result is
almast o third technology. Becouse of that, until falrly recent times, scanrers weren't
interesting condidates for madification and cetrofit pecfermonce upgrodes. The
technology ond required level of effart were just beyond the copobilities of o great
many hobbylsts. This is controsted with hom ond CB radio, both ef which hove long

EupiﬂrTEd enflre industries dedicoted solely ot aftermorket ond retreflt modificotion
pockoges.

VHF/UHF menitoring is now causing interested ears to perk up. One reason for this
oppears ta be that o number of VHF/UHF communicotions professionals (enginesrs ond
technicians) as well os computer pros are eaming inte the monitoring hobby. Some of
these pecple have odopted or opplied their valuable skills to refining or improving
their scanners. Werd of rmouth, ond mentions in the hobby media, about these
refinements hove created o stir arcund the hobby. The result is thot we don't hove ta
be sotisfied with "stock” equipment. We mow know that it can be enhonced, and we
know how to bring these improvements about in shorr arder.

Alrmest any scanner can be improved upan or otherwisze have more functiens and
features odded by the "electronics hocker," Only e little somprehension of theory and
knowledge of electrenic technigues are required for even the most cosual hobbylst to
perform major lmproevements ta o sconner. There ore, of course, definite limitations
and ¢ertain "impossibllities” that must be confronted ond occepted.

Adding Mew Bands of Frequencies

Without any doubt, the mest populor ond in-demaond medification relates to belng
oble fto pget the sconner to receive more bonds or freguencies thon those the
manufocturer infended. This is o discussion on the several different oreos of your
scanner thot con impese strict limitations on what might be done in the woy of
enhanced frequency coverngs.

1. The Central Processor Unit (CPUY The CPU in o digital, pregrarmmable scanner
ls oetuolly en o ehip. To be sure, it's typicolly om B-hit digitol computer. As o
reference, the Cammadore &4, Commedere 128, Apple [l series, and the Tandy TRS-80
are oll "B-bit computers." Don't be negotlvely Impressed by the term "B-bit" becouse
It deesn't sound llke much, there's o lot of proacessing power in o progrommaohble
scanner. Mo, It won't do all of the rthings o srond-aleme computer can de, but in its
own way it can do just as much or more!

The only problem with o CPU is that you'ra more-or-less stuck with whatever
it comes progrommed with inside. The CPL contains a permaonent program that directs
almost every aspect of the sconner. The program is fixed and resides In the CPLU's
permanent internal memeory. It can't be meodified or altered. It can't even be erosed. It
is "burned" in by the chip's monufocturer and that's that., The CPLU pregram starts
automatically when the sconner is turned on.

One neat thing obout sconner TPLMs Is thot they ore very expensive te produce in
small quantities, s the maonufocturers contract for lofs of to be modse right fram the
very start, The CPU is o "custom" type of o chip especially designed ond programmed
to do the specific things that a monufocturer wants it to do, ond maybe even a little
kit more, Savvy monufacturers sometimes design their CPU's ta do mare thon might
be dasived for o particulor medel yeor. When the eurrent modsl yeor's scanner chassis
is designed ond bullt areund that CPU, those extro little performonce feotures are just
defeated or wired out with o couple of inexpenzive, external diodes or or resistors.
The new chossis for the following year might then use the same CPU ond have all of
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the original functions from the previous model, plus those nect extros os standard
feotures!

& manufocturer might alsa use the some CPU In several different current meodels,
which means that the CPU in all models hos to be programmed for all ot the features
af the top-cf-the-line medel. Far lower cost sconners using this same CPU, the deluxe
features might simply be wired out with diodes and reslsters. Therefore, the CPU in
your sconner could very well possess some latent and repressed copabilities that are
proctically shouting and sereoming to be llberated.

This is pretty much the only way to goin extra bands or frequency coveroge. IF the
copabilities weren't designed there in the first place, then you'te stuck with what
you've got, Agein, the internol pregromming of the TP is cigid and inflexible. If you
aren't on engineer, technician or otherwise con't eosily find your way around the
innards of o modern sconmer, it's best to leove things clone and wolt far experienced
hackers to work up and publish the meds for your particulor CPUL

2. RF Seclions: Preselector, Mixer & VCO: The function of the "preseleeter” in o
scanner iz to admit or poss desired frequencies ond simultonecusly reject or eliminate
undesired frequencies. The thing to keep in mind hare is that which the manufocturer
desires or reojects doesn't necessarily coincide with what you wont. Uspally, the
monufacturer has made the decision for yeu ond designed o preselectar thot accepts
anly certain bonds of frequencies. This doesn't prevent the monufoerurer frem using
the same CPU chip in severcl differenl sconner models, however. That's where
modifications begin to gef eipecially tricky. The CPU moy be progrommed for B0O
MHz-bond operation, ond you could even "liberate" It ta restore its blacked-out
edpabilities there. But, even thaugh you can now program-in 800 MHz frequencies, ond
they show up on the display, the sconner [sn't geing to pick up ony signals there unless
its preselector hos been designed to do so. Unlike a CPU, it would be economically
ignorant to buwild an BOJ MHz preselector ond then "wire it out" or "hide" it in
selected medels. Cose exomples here include Realistic PRO-3Z and PRO-Z200Z, In
gither sconner, odding or snipping selected dicdes will let the unit: dizplay ond even
scon the BD0 MHz bond, but there is no BOD MHz preselector in those maodels so
reception is impossible. These ore only bwo exomples, many ather sconners hove the
sorme limitation,

Ancther eritical RF circult In o scarner s known as the "mixer.” As with the pre-
selector, the mixer has to be designed to gperaote on certain bonds of frequencies. If
the mixer isn't designed for operation on certoin frequency bonds, then reception will
be impossible, despite any inherant copabilities you con restore in the CPLL

Just Hke the preselector ond mixers in o scanner, the the VOO aglso hes to be
oppropriataly designed for reception on specific desired frequency bands. The VCO is
driven by the CPL) to work with the mixer to tune the desired frequencies. If either
the VYCO ar the mixer ore not designed to function on other bonds of frequencies, it
will mot be possible to extend the sconner’s frequency coverogs.

Surmmary: In order to successfully modify o sconmer to recelve bonds ar frequencies
which the monufocturer does not support, first the sconmer must contaln modifioble
circuits in the CPU, preselector, mixer, ond YCO. If any one af these is locking key
design elaments, then the secomner connat be maodifled, 0 the custemary sense, far
operation on additionol frequencies. By that, | mean thot It might poessibly be able to
be occomplished with extensive redesign and clreult reweorking by a skilled englneer or
RF techrician. This book is for scanner hockers and experlmenters, and there are

Limits s te what the overage experimenter can aoftempt ond still heve o nice,
working, sconner!

Adding Other Feotures & Enhancements

The most rostrictive or limited medification you con do to o sconmer is odding
frequencies and bands that weren't intended by the manufacturer, We hove seen how
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the CPLYs inflexible intermal progromming pretty much sers the Hmits as to what may
done with odding extra coveroge. With the exceptlon of this and pechaps other CPLU
cantrelled funchiens, the sky's pretty much the limlt as to the things that might be
acearmplished with the unit's onolog features.

Scan & Search Speed Increases. Increasing scon ond search speeds might be a good
example to Hlustrote. In some Instonces, notobly with the Realistic PRO-2004/2005,
the digital CTPU, indesd, dees contrel the scon and scorch speeds. However, theze ond
mast other sconners olse hove on enaleg cireult that con effect or determine specd.
Invariably, such circuits ore some form of on oscillator cornected to drive o port an
the CPWU. The oscillator generates o speclal frequency, the reciprocal of which (]
divided by the freguency) is the hoslc "gote time" that determines scan ond search
speed. If the "pote time" is decreocsed by increqsing fthot escillotor frequency, then
speed is propertionally increased. It is relatively easy to change the frequency of the
"eleck oscillotor" of o scanner.

Mozt clock oscillotors ore corystal-driven, zo if you wont to remove the stock
crystal and instoll one similor fo it but higher in frequency, then the speed will be
increased. There ore no limits to just how much foster you can make your sconner go,
becouse the CPLU ond rondem occess memory [RAM) chips have internal speed limits,
beyond which things tend to go berserk. Mo domage will be done, of course; it's just
that your sconnper won't work properly, if ot all. On the other hond, zconners ore
desighed to be as close to 100% relioble as possible, and this means thot the designers
reutlnely compromilse on erltlcal specificotions sueh os speed in the interests of
econemics and celiakbility.

In the initence of speed, designers might find thot with o clock oscilloter frequency
ct 10 MHz, 15% of all preductlen scormers will exhibil erretic operotion. Given o
production run of 5,000 te 25000 units, the percentage of Guality Assuronce rojects
would be unocceptoble for profit. Therefore, the designers might specify o clock
oscillotor frequency of 7.37 MHz becouse that frequency Is known fo he 77.97%
relioble. What this means to you is that your scanner might be copable of 5% to
100% foster speeds and sfill operote to specifications in all arher respects. On the
other hand, if you got one of those sconners [n the "15%" category, then vours might
not work at 10 MHz. Yeou'll never know untll you try, and If you da run inte problams
you con olways try lower frequency crystals untll yvou find ame thar wearks parfectly.
You may still end up with a speed Increase!

Adding Signol Strength Meters ("5-Meters"). One foctory reprezentative told me
that hiz company didn't design tneir scanners with 5-meters because the cost would be
prafibitive. As o former President ond CEQ of an electrenic monufocturing company, 1
eon understand his pasitien, If nat fully agree. It's on undenioble foct that fer some
reason, monufocturers don't build sconners with 5-meters, Equolly undenioble is the
fact that most scannists wha are osked for on oplnlon soy that they waould oppreciote
and utilize an 5-meter if one werse available,

An S-meter is cnother onolog function and isn't difficult to design ond install for
your scanner. [here are severol woys to do this, only the generol principles of which
we will cover here. The easiest woy to get o =ignal meter iz to top the sconrer's
Avtomnotic Gain Control (AGT) feedbock loop ond ottach o valtmeter ta that
leep. AGC s developed In the scanner for the purpose of contrelling the galn of the
RF ond IF amplifiers. AGC prevents overdriving from strong signols-- overdriven
amplifiers create distortion, intermeod, crossmed, ond all kinds of onjectional ond
disagreeoble interference, The AGC valtage is, howewver, o small control valtage thot
is proporticnol to the strength of the incoming signol. Therefors, o veltmeter attoched
to the AGT test paint will serve os an effective S-meter.

To moke this especiolly usaful and ﬂ]i:-th'il:q:l“':,r .snr‘lih::l:r“].r at Fhe some time, o test
jack of your cheice should be instolled on the rear chossis of the sconner, ond be
internally connected to the AGC test point. IF you instoll o resistor of obout 10K-50K
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between the jock ond the AGC test point, then the AGC will be effectively jsglated
from influences such as short cireuits that could hoppen outside the chossis. Use o
digital woltmeter of your choice to connect te the Jock so you con disploy AGC
voltages when scanning. Simple, but very proctical.

Modern sconners enjoy o profusion ef integroted circuits, some of which are
practically an entire receiver on o chip-- ond some af these chips ectually contain an
S-meter output function! Mo, the function isn't used, but thot dossn't stop you from
experimenting a little, measuring and testing that chip for what it would do if you
were te hook up some kind of a meter. Here's on instance where the Service Maonual
comes In very hondy. Mest of these monuals depict the chip's internal Functions and
the plrouts so you con readily see some of the owvailoble copobility. If not utilized by
the rormufoeturer, well, moybe you con put it to o useful purpese. MOD-12 and
MOD-13 In this book show specific 5-Mefter medifications.

Adding Tope Recorder Function. [f your sconner docsn't hove o "tope rec" oulput
jack, there's no remson why you con't add one. Mast scarners have ane, so that rlght
met be your problem. Your problem might be o tape rec output that simply doesn't
praduce decent quality recordings. There's on easy cure for either situation.

First, understand that modern tape recorders don't regulre very rmuch In the way of
signal In arder to work. In foct, one-thousandth of @ volt (001v) of signal is sufficient
ta produce quality recordings In most tape recorders new. Trouble Iz thar typleal steck
tape rec outpul jocks provide up te 400 thousandths (L800v} of o welt which could be
far too much far your tope recarder. If tape recordings from your scorner sound nosty
ond disogreeabls, this s almest eerteinly the couse, The remedy follows, bur you must
have the Service Monual from your scanner’s monufocturer. Follow the some
guidelinez if doesn't have o tape rec out feature.

Follow the scanner's RF ond IF clrouits through to the volume confrol of the set.
Locate the specific aren called the "detector" which comes right offer what is called
the "last LF." stoge. The detector ls the device or circult that converts the IF signal
inte o very weaok audic signal. Following the defector are ons ar more stages of oudio
preamplification and then the Ffinal power amplifisr chip that drive: the loudspeckar
andfor the headphones. With the sconner disconnected from Its power source, Install a
0.1-uF copocitor at the detector output ond before eny oudic preamp. Instoll one end
{stator) of a 50K trimmer potentiometer to the output side of the copacitar.  Then,
ground the other end [stator) of the trimmer pot. To the wiper crm {or rator] of the
trimmer pot, run o wire fo o fewly instolled jock on your scanmer. Seleact o jock thot
will mate with o coble from your tope recorder. Reconnect the power ond begin o
a sample recording ond odjust the teimmer pet for optlimum guality recordings with o
minimum of noise ond distortion. That's it, except thot you can refer to MOD-5 in
this book (o specific instollation for the PRO-2004/2005) to guide you in adopting your
scanner's tap rec function.

Automatic Tope Recorder Switch. You can shell out 350+ for on externol outomatic
tope recorder switch to octivate your tope recorder when o signol is present, and
therm stop It when the signal goes off. At ony reosenoble price, this iz a great asset
te menitoring becouse, literolly, hours of sconning con be compressed and condensed
an to o 45-min. tope with no deod intervals. If you've got 350 to spare, do it. If you'd
rather spend only }10 or less on semething o lot better ond hove yourself seme fun ar
the same time, the eyeboll MOD-4 for on excellent elreult diagrom and techaloee that
con be adopted to just chout any sconmner.

Improving the Sensitivity of Your Sconner. In general, the only practical way te
approach this neble objective is mot by internal maodification, cather by the addition
and use of an externol eccessory preamplifier. First, be sure that you've read the
disewssion en RF preomps in the Tips, Hints & Kinks chopter. There's a lat you should
knew obeut presmplifiers for sconners.
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There might be some possibilities, however, for internal madification to result in
incrensed receiver sensitwity. Ordinorilly, the scenner's internol RF armplifier ond
preselsctar circuits would be the very last ploces yeu'd want to menkey arcund with
becouse they ore extremely critical to low roise ond wideband operation of the
scormer. On the other hand, wou might ot least wish te Inspect the RF amplifier
transistor from the perspective of your unit's Service Menual fram the manufacturer.
Me horm con from frem "poperwork.” 5o check our the first tronsister device just
after the antenna input jock. Monufocturers aren't always in direet touch with the
lotest, state-of-the-ort fronsisters, ond it is entirely possible that your "new" sconner
uses a tronsistor In thls eruelel spot thot is several yeors old ond nowhere near os
"hot" az maore recently developed devices.

You will need ta ldentify the tramsisteris) known os the RF Amgplifier, ond then
obtain a set of spec: and performaonce curves for that specific device. Mext, you'll
want to review aoll of the specs ond perfarmance curves far the very lofest tronsistors
ot the some type. In general, you will be critical of three specifications in porticulor:
noise, bondwidth, ond gain. When looking for o potentinl replocement tromsister, you
miwst olse kesp om eye on oll the voltage and power ratings of the original transistor
as a replacement would need to equal or be superior to them. [n all instonces, it is
never worthwhile te replace o tronsistor bosed wpon voltage ratings alens. The
dynomic chorocteristics of goin, bondwidth ond noise ore what will ossist you In wour
decision in whether or not to replece the tronsistor. Improved gain specs, alense, isn't
o reason to reploce o tronsistor, because when placed in o circuit, tronsistors with
radically different gain specs con ond do all come wp with the same circuit goin. The
gain o ftronslstor §s rated with on o spec sheet is never the some as circuit gain. Equol
or better galn ond bondwldth with o lewer nelse foctor is reason te give serious
consideration to using, trying, or expecimenting with o replacement transistar.

It's never warth your time ond frouble ta experlment with replocement transistors
for the IF stoges of the scomner. Goln, nelse ond bondwidih aren’t important in the IF
stages. The criticol ospect of the scanner's ability to plek up weak signols (sensitivity)
is the RF Amplifier rronsistor, ond (to some extent) the First Mixer ond its associared
cireult, You'd want to be really coreful in messing around with Mixers, howsver,
becouse they are more critleal than the RF Amp with regord fa srabllity  ond
balonce— ane seemingly minor chonge, modificotlon, or adjustment and you could
very eosily upset a delicate eguilibrium with results that aren’t good. If you know how
to compore, select, ond wark with small signol VHF/UHF devices, then there is
significant potenticl for improvernent of your sconner's sensitivity, signol/noise ratio,
and immunity fo intermaod.

This is one of those realms of modification thot, for the time being, is best left to
the esperts ond my humble suggestion iz thot unless you ore a gualified RF technicion
or engineer you'd probobly be better off if you don't attempt any Fronsistor
replacements. On the ather hand, future editions of this book will contain ony notoble
succasses of this noture that are reported to me by competent techs ond engineers.
The mere mechaonics of physicolly removing one fronsistor ond replocing it with
oncther one isn't the problem, becouse thaot's something thot can be occomplished by
most hobbyists wha don't hove mare thon two thumbs an eoch hand, All you'd need te
knaw is, In o given scanmer, which tramsister gets yonked ond what it's reploced with,
Aye— thot's the question! And that's what we hope to leorn from our own experiences
and from the information sent in by others. When | spent a lot of time on CB repair
work, [ hod substantiol sucesss in findlng batter replocaments for CB (and ham)] RF
Ampliflers and Mixers, sa I'm eertaln that information will be gevaloping in this areo
far scanners.

Mow o questlon for the reseorch experts: Ho: onybody yet found o superior
replocement for the 25C3354 (the RF Amplifier] in the Realistic PRO-Z004/20057

Other Analog Modificotions for Sconners. Az | previously noted, the sky's the limit

for madifylng the onolog portions of o sconner. Your ocwn imoginafion is the moin




limiting fucter in this ores. For example, one doy I wos wishing that my PRO-2004
sconner hod more ef the characteristics ond feotures of o communications receiver. In
a flash, it come to me ond was eosily occomplished. It wos as slmple o5 reutlng o
sample of the 455 kHz signal from the 3rd IF to the ontenno port of my Yaesu
FRG-7700 communications receiver. Mow 1 can use the integroted system pockaoge te
receive 338 signols; to control odjocent chonnel interference; ond to perferm signal

analysis not possible with the PRO-2004 alone. See MOD-14 for how to do this.

I'm interested in Survivocom [(survival communicotions) te a serious extant.
Survivaocom is the ocdopfation of rodic equipment to help individuals, families, and
communities after the effects of o maoss disoster situotion, be it ecarthguoke, severe
storm, tornado, flecd, volcano, forest fire, envircnmentol or radiation pelletion, or act
of war. It can be reodily ossumed ofter o mojor disaster, AC power will either bo
non-existont, sporadie, unrelinhle, wnstoble, or otherwise wseless/destructive to
sensitive digital and communications equipment. 1t is during swch times when occess to
monitoring the communications in the autside world (that is, everything more than two
miles from your location) con offer on enhonced meosure of "survivability." Therzfore,
it follows that designated Survivocom equipment should hove operational copobilities
for bath AC and DC power and would be relatively immune to surges, tronsients, and
spikes cawsed ny faulty, damoged, or ill-maintgined AC power systems. MOD-10 and
MOCD-11 offer significant contributions fo the Survivalcom concept with detailed
instructions on how to maoke your base scanner more transportable, and hew te protect
your sensitive eguipment from the effects of lightning ond power surges. Emergency
power zupplies for scanners are discussed in the chaopter on Tips, Hints & Kinks.

The medifications in this chopter offer some really hot Imprevements ond feature
wpgrades for scorrer receivers. | hope that your Imaglnatlon will be fickled into
activity ond that you will let me know your occompllshments se that they can be
included in future editiens in this plonned serles of books., One thing con alwoys be
soid of human emdeover: it con always be improved. Te some, It's adding ketchup to
the steok; to others, it's putting custem pin striping on the ZR-1 Corvette. To me, It's
taking o stock scorner ond moking It do more things thon onybody hod ever dreaomed
of. Mot only will the following mods improve your scomner, but you are invited to
provide me with Input en improving these improvements. Mow, let's get prepared.

Preparation for Sconner Modifications. It dessn't toke o skilled engineer or
professional technicion te perform ony of the modifleations in this boeol. It would be
most helpful if you are prepored with o liftle experience of working with o soldering
gun ond finding your woy oround a crowded circwit boord. Bur the criticol necessities
are the proper tools, o great deol of potience, the ability te readfcamprehend/follow
instructions. 1 have gone to o great deal of time and trouble te loy out in excrutloting
detail the steps of procedure reguired to obtoin the desited results. 1 hove gone info
such detail that engineers ond technicians will wvndoubtedly think I've sold several
times more than 1 should hove-- but then I didn't write this beok for them as much as
I wrote it for you, the averoge, everydoy, scenner hobbyist who wents to enjoy the
hobby te the fullest from every possible vantoge paint.

Sa, if you ere an experienced type, pleose bear with us. Many of you will be oble te
do the work simply from lecking at the schematic diagroms ond the parts lists,
skipping altogether the detmiled instructionol steps. Others will rely vpon overy word,
and some may wish thaot thare were even more deteil. COne requirement is imposed
right off the top, and I maoke no bones about the foct that you must get o Service
Monueal for your sconner. Ma, moybes ohout this, you obsolutely must have o Service
Monual for your porticulor unit before you begin poking oround the unit's innards.
These manuals ore a rich and vnique source of informotion of all kinds relative to the
medifications outlined in this book., A picture is worth ot leost fen thousand weords,
and aleng the woy this book still had to draw a line on how much detail could be
given. As much as is given here, the Service Manwal written for your specific sconner
should be obtaincble {usually ot minimal cest) from the unit's manufocturer. In cose
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you've misplaced the oddress of the manufacturer, the Infermotion is given in Taoble

4-1; it was believed correct ot publication time.

SERVICE MANUALS & TECHMICAL SUPFDRT FOR SCANMER:

Table 4-1

tRealistic Scanners)
Tandy MNatiomal Farts Center
F0A E. Morthside Dr.
Fort Horth, TX 74182

LADR Scannersl

Ace Commupnications
10787 E. 10aTH Street
Indianapolis, IN 446254

(Regency Products)
Regency Electronics, Inz.
7707 Records Bt
Indianapoli=s, IMN 44224

tIcom Radios)

Icom America, Inc.

1777 Phoenix PkWy)] Suite Z@1
Atlanta, GA IB347

{lcom Radios)

Icom America, Inc.
2112 — 114Th HNe
Bellview, WA TEBE4

(Uniden & Bearcat Scannersl
Uniden Corporation

4345 Castleway Court
Indianapolis, IN 3&235@

1Cobra Ecannera)
Dvnascan Carporation
L4580 W. Cortland
Chicago, IL &@&35

(Yasau Radios)
Yaesu=-Musen Usa
17210 Edwards Road
Cerritos, CA 78701

(lcom Radiaos)

Icem America, Ifc.

=150 Premier Dr: Suite 1¥Z6&6
Irvine, T¥ 75053

{Icom Radlps!

Icam Canada, Inc.

I@7E — W% Road

Richmond, BC, Canada W&k 2T4

What The Author will do if You Run Into Trouble

You hove ta hove o

Service Manual

your scanner

before doing any

modificatiens, otherwise you won't even be able to help yourselt should you Tun inta

trouble far some wnforsesn r

got guestions or problems, you have to figure ou

gason. Most authors wsually [ssue o eoveat that IF }rnu:'-':
t the onswers for yourself. | om going

to go out on o llmb with the offer 1o extend o helping hand If you hove frouble

worthing through anmy ef the maodifications

qualified as follews:

ln this book. That offer, however, ls

1. ¥You must hove o Sarvics Monual for your scanner.

2. If 1 don't happen to have o copy ©
you must be prepared to loan me yours (or o phetocopy

ond try te solve your problem.

f your scomner's Service Manuol in my files,

| & that | con understond and

3. You must lucldly communleate the naturs ond symptoms of your preblerns in o
letter. If you don't use a typewriter, please write clearly and legibly enough so that I

won't hove trouble teylng to moke out

what you are trying to tell me.

4, Yeu must enclose with your letter o business —sized, self-addressed, stamped {US
stamps anly] with one loose (unstuck) extra (U3 only) postage stamp.
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5. My aoffer to assist in resolving any technicol problems relared to the
modifications glven herein is limited to written suggestions, discussions, and my
personol opmnisns af patentlol, proboble, ond possible remedies-- end only if the
taregeing quelificotions and limitations ore mef.

4. Under no clreumstonees, now ar in the future, dees the author or publishers of
thiz book assume or occept responsibility for ony maolfunction of, loss of use of,
dgamoge to, legal sonctions related to use of, ar ony other problems relafed to your
rodle equlpment or Its use, whether or not reloted 1o any information given in this
book. Your equipment Lz under yeur esntrel, ond any decisions you make regording its
use or modification are also wholly your responsibility.

7. Under no circumstonces whotseever can there be ony telephone discussion of
oy technicol prablams or troubleshooting relating to the modificotions in this boolk.

Slmply stated, the oaurhor will offer weitten professlenol epinlens ond suggestions I
you run into frouble with ony of these medificotions, but you must first have o
service Manual hondy, a copy of which I moy also require in crder to try and help
yau, [ hove sorvice manuals on hand for the fellowing Realistic madels: PRO-31, -32,

-34, -2002, -2004, -2055, -20iL.

Diirect your technical inguirios to: “"Doctor Rigermertis," cfe Operotion Assisk,
Commtronics Engineering, P.O. Box 242478, Son Diega, CA F2126-094%. lnquiries sent
to any other address will not teach me and therefore receive no reply.

What Else You Meed to Perform Medificotions. First ond foremest is the fomous
Service Monual. Hote to be so rodundont bere, but my twenty-sls yeors' professional
experience In ecommunleotions and consumer electronics leods me to conclude thaot
most electronics buffs don't hove the paticnce to bother getting o Serviee Manuol.
Imstead, they teke o rosh course of oetion by jumping heodficst into the innords of
their equipment and then erylng aut for help thot they might ctherwise not needed. As
a "rodie dector,” I've spent o let of time helping others reselve their errors of
impatience, but [ really would like to spend mare time tursing my wheels n o forwaord
direction like devaleplng additlonol modifications, alse exploring all of the new
equipment that's arriving on the market. | enjoy offering help when its neaded, but

get the 3ervice Monual-- please!

Mewxt, you rneed ot leost o simplistic onderstonding of eloctronic terminclegy and
parts, It doesn't have to be much, but you should of least krow the difference
between o resistor omd o copociter. Tt wouldn't hurt to know a bit cbhout integrated
circuits (IC) and fronslsters-- llke what they look like, their bosic functions, ond how
the plns ore arranged. |f you agree that such informotion would be on osseb, you con
find it in any number of readily ovoileble backs fer electrinies beglnrers. Check any
communications shop's book rock, er the Rodle Shack cotalog.

tostly, wou'll noed o groat deal of paotience, the ability to reod ond follow
directians. A bosic set af slschionic hond toels (os shown in Table 4-14-3, the Tools
and Materials List for the 6,400 Channel Memeory Medificotion) is  highly
recommended. OF the tocls needed, the most important is the one used for seldering.
[f your soldering iron hos a Louisville Slugger boseball bat far o tip, you're going to
hove serious prablems.

Soldering Equipment. A zcldering iron  for the maods in this book will be rated at
25 to 40 wotts, ond hove a reascnobly long ond slender bedy with on "lren-clod" (not
eopper] tlp. The tip of the soldering iron should be obout an inch long ond rather thin
with o tiny, flattened end. 1 happen to prefer Ungor or Weller soldering equipment,
ond if you can find either of the two bronds, then [ recommend it to you. [ den't
core for the Radio Shock soldering guns as much o Ungor or Weller unlts, but the
Rodle Shock units ore aceceptoble, ressenably priced ond are easier to come by than
Ungar or Weller equipment in mony areas. Toble 4-2 shows the Raodio Shack seldering
coquinment thot would mokes o suitable solder stotion:
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Table 4-2

ACCEPTAEBLE SOLDERING STATION ERUIPMENT

DESCRIPTION CATALOG #

Cool Grip Handle, 7@@9F 4£4-2080

BEA®F Heating Unit (33 watt) SA4-Z0E1

Iron clad, light duty tips &4=20879

Solder iron holder & cleaner &4-2078
Desoldering braid L53-ZB70
Desoldering tool 54-2120

Resin core solder, .032¢ &4-085 or S4-0a9

Prafessionals reeammend Low Wattage soldering irons ond low heat. That's great
for the pra's, but novices ot soldering ore better off with plenty of heot. This is
becouse lower wottoges require o criticol technigue, whereas o bit meore heot is
forgiving of incorrect technique. However, tas much heot con couse no end to grief,
tears, groshing of reeth, and four-letter words, so here aore some tips on the
technigua that you'll wont ta head:

1. Use on "iren-clad™ tip an your soldering iven.

£, Keep o sopping wet sponge nearby to periodicolly wipe the tip cleon. In fact,
wipe the tip and rhen lightly tin the tip with fresh solder immediately before malking
each solder connection. Do net foil in or chonge this procedurs!

3. A complere soldering eyels goes something like this:
A. Wipe the tip on o wer sponge.
B. Apply o bit of frosh solder to the fip, just enough to melt ond cover tip.
C. Tauch the tip of the seldering iron te the elreult connectlon to be
soldered. & froction of o second later, opply solder either to the joint only, or
simultanecusly to the joint and the tip of the iron. Mever opply solder only to the tip
when heoting a connecticn.

A efflciant szidarlng statlon aod accessoriss iz an
Impostant ald to aryoody emigarkitg on s conesc ol
medilying Weeir scennars, of wotking a- any
oloctoonics gear. Good s0iZering technlqus slss
Pl e Lexll




0. Remave the tip from the connection o froctlon of o zecond after solder

MNote: If you are doing things right, the maximum time the seldering tip should be
in contoct with the connection is about three seconds. One fo two seconds is possible

very wrong If It tokes teo long or If the solder deoesn't flow right. If you continue
doing semething wrong, there will be a price to pay az the heat from the seldering
iron con domage or destroy equipment components.

If you are wnoble te do the medifications, er just den't wish to do them, or if you'd
like te do them but con't easlly round up the necessary ports ond materiols, at the
end of this chopter there is o section titled, "If You Can't Do The Work Yourself..."

Ok, you have o Service Manuol, on odequote soldering station, basic hand rools, and
the will te ga forth. Unless atherwlse specified, for sofety's sale, remove the sconner
from from ifs power source before removing the chassis from the cobinet, ond while
performing ony modification work inside the wnit. Even when turned off, a serlous
shock hazord con exist ob certein points in o sconner or recefver's clreuitry so long as
It rermalns connected to o live power source. Remove It from that power source ?ﬂnd
disconnect the ontenna, too) while you are deing aory medifications, unless you ore
specifically instructed to do atherwize,

MOD-1 Restoring the "Lost™ Cellulor Telephone Bands in
The Redlistic PRO-2004 and PRO-2005

Preliminary Discussion. The functionel circuitty of the PRO-I004/2005 was probably
committed to design bock os early os 1985, At that time, there wos lttle ar no focus
on Cellular Mobile Telephane [CMT] fram the world of sconmers. JIL, Regency, 1COM,
ond Yaoesu haod receiving equipment capoble of picking up the 800 to %50 MHz Bond
Mobile bonds, ond Raodie Shock probably felt thot it should olzo cover 800 MHz to be
campetitive. One thing is for certoin, the Realistic PRO-Z004/20035 wers designed to
receive the CMT bonds of 825-845 MHz and B70-B%0 MHz. In fact, the 1787 Rodio
Shack cotoleg, prepored in lote summer of 1984, specifleally proclaimed that the
PROC-2004 offered "Continuous tuning from 25-520 MHz ond 740-1300 mHz."

By late 1785, the CMT industry hod lounched o compaoign fo moke it illegal for
hobbylst rodles te be copoble of receiving these freguencies. Apporently, werd wos
starting to clrculote crmongst CMT users that thelr conversatlans might nat be guite
o5 private as they hod ossumed cr perhops led to believe by the person who hod scld
thern their eguipment. You might remember the furer raised by stockbrokers,
attorneys, and athers whe thought that “wireline privocy" was standord for thelr CMT
caorphones. In the early doys of CMT, it wos relatively privote becouse scanners didn't
tune wp past 31i MHz, the upper edge of the UHF-T band. 5o, from 1782-85 there
really was little seant reasen te think that onybody else could pessibly be listening in
on CMT colls. In foer, those who sald CMT corpbonas usually mentioned this in the
sales pitch, pointing out that thiz was unlike the ald 152 MHz ond 454 MHz corphones
that had been heovily meonitered for years by sonner ocwners.

But then Yaesu, ICOM, ond Regency chonged all that. By 1785 there were severol
models of hobbyist hordware on the market thot could eosily tune the CMT
frequencies. Word of this circuloted through the CMT and monitering with expected
degrees of horror and delight. That's when the CMT Industry shifted Into high geor to
get the Electronic Cermmunicotions Privocy Act (ECPA) mode inte o low to forbid
such meonltaring. Although seonner users ond some fram within the monufocturing
camp protested the proposed low, it really had relatively little opposition. Even the
Electronic Industries Associaotien (EIA] jumped on the bondweogen in complete support.
The ElA's strong sepport surprised mony since it s on industry-wide organization
comprised of monufocturers In many oreos, includling those whe moke sconmers os well
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as CMT's. Perhops the reason wos thot the revenue-producing potenticls of the CMT
market outstripped those of the sconner market by about 1,000-to-1. Just o guess.
Anyway, the ECPA wos rubberstomped through Congres: and signed into low in
Cctober of 1984,

Thanks ta the whatever howl of cutroge did come out of the communications hobby
{including the ARRL), ond some reolistic odvice on the prespects of enforcing such o
lowe, the ECPA wos modified cnd toened down o bit hefare It become law. As o result,
it Is still perfectly legal te maonufocture, distrlbute, awn communications equipment
thot can tune anywhere in the BOD to FO0 MHz portion of rhe spectrum, including
these frequencies vsed by TMT's. Mostly, the ECPA dossn't permit you to intercept
{listen ta) most conversafions (volce or otherwlse) which, at any palnt, ls corrled aver
a wireline. CTMT's interconnect with the wireline trelephone system; ergo, it 1s o
viclation of the ECPA to monitor CMT calls. However, the ECPA iz o most curious
decument thot was cbviously created by politicians having o curicus, incomplete, ond
oftern cockeyed perception of the wvery mony Foctors which would hove hod to bhove
been token Inte ocecount te produce a low thot dids't comtoln controdietions,
meaninglesz points, leopholas, and polnts that are so vague as to maoke the whaole thing
preposterous. 3till, the gist of it is that you oren't ollowed to monitor TWMT caolls, ond
it Is the low untll and If It ever gets wiped off the books., Your best bet s ta chraln o
capy of the entire low, read 11, ond chey.

FKeep in mind thot the PRO-2004 waos relling off the ossembly lines in 1784 at the
same tme oll of thls crozyness ond hullabolao obout the ECPA and CMT monitoring
wios raging. One might speculate thot ot some point, the people who moke decisions at
Rodio Shock wondered how ond if they should oct or react to any of this in view af
the foct that their preduct lne also included several CMT medels. Perhaps they felf
that by selling TMT's ond also PRO-2004's that could pick up those frequencies, some-
one from onother CMT menufocturer cowld question if they wers trying te donce ot
twa different weddings-- generally consldered tocky ond gouche. This, er semething
alse like it, definitely gove Rodlo Shock second thoughts about the CTMT bands in the
FRO-2004 scanners.
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But how to eliminate this coverage? Units hod already been monufoctured and
possibly were even on the shelves ot the warehouse in Fort Worth, Some ef this ls
conjecture, but we knew ane thing for cerraln; the arrival of the PRC-Z004 ot at local
stores was delayed for several months, and when they did show up the CMT bands had
been blocked ocut! 5till, | have heard from o nember of eorly purchasers who got
PRO-2004's thot escaped such castratien. Thar didn't hoppen in my area, though. |
went to several lecal Radla Shocks almest daily locking for eorly "pre-releass" madels
that might hove accidentally gotten throwgh before the big recall ond retroflt. Mo
luck, however, no stores hod one in stock until all of the medified unlts were released.

S0 here we go row, the PRO-2004 ond then the PRO-Z005, which ore aessentially
the same design, possess the some inherent copobilities to receive oll BOD ta $00 MHz
bond frequencies, and mostly look a bit different from ene another. All you hove to do
to restore your PRO-2004 or PRO-Z00S5 to Its originol designed copabilities is clip a
leg of one diode or remove it altogether. Here's how it's done:

PRO-2004. The exoct procedure depends on whether you have on "sarly” unit or o
loter one. Those units produced before the big recoll hove the dicde retrofitted in
place, probably In the WS5A, however those produced ofter the recoll hove the diode
installed by the factory in Japan. It's easy to tell (ossuming that it hosn't had  this
CMT restoration done by o previeus ownerl.

1. Disconnect power from sconner and remove the cuter metol cose.

2, Turn the rodie upside down ond locate the mefol, box-like CPU comportment,
marked "PC-3" on the circuit board. Pry off the metal cover of this comportment. If
there is ony doubt, PC-3 iz the sub-chassis thot has the Restart switch behind o little
hele In the rear panel.

3. Refer to the photogrophs ond examine the component area within the CPU com-
pattment. You'll see o large éd-pin IC chip {the CPU) Look to the le=ft of it about
two Inches ond you'll see o row of diodes and reslstors porallel with the CPU chip.
Lock to the top of that row of dicdes and find "[-512" and "D-51%." Between thase
two diodes are twa poirs of solder pods. Though these ore ret morked on the circuit
board, they are for "D-513" and "D-514," in order.

A. If o diede is not present in the spot for D-513, go directly to Step 3-8. If
D-513 is present, your unit is o loter medel, and your work is about done.
Clip ore leg of D-513, ond spread the cut ends oport so they con't teuch.
Reploce the compartment cover ond the case of the rodie. Presto! Yeour
PRO=-2004 pow hos restored the two B00 MHz bands for which it was
dezigned, but which the monufacturer chonged his mind obaut.

B. If D-313 is not visible from the top, then your unit iz on "eorly” madel ond
you have anly o little more work to do.

1. Caorefully loosten and rermove rthe ¥-pin cable commector, CN-501, fram
the sub-chassis. CM-501 is located toward the left-rear side of PC-3.

2. Remove the seven screws that hold PC-3 down to the chassis. Lift up
ond tilt the PC-3 subchossis so you con see the bottam of the clrcult
board.

J. Somewhere on the cenfer-bottom side of this boord will be a salitary
dicde. Don't worry, becouse there won't ba any ather components on this
side of the board. Clip one leg of that dicde or remowve it altogether.
Yau're about done paw.

C. Reinstall the PC-3 boord and tighten the seven serews. Reploce the
CH-301 connector., Replace the metal cover of the CPU cempaortment.
Replace the metal case of the sconner. Binge! Your PRO-2004 now has the
frequency receiving capabilities far which It wes desigred.
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Keep in mind that it is not illegal to own recelving equipment covering these ar any
frequencies, however it is a viclation af the ECPA ta monitor CMT conversotions.

PRO-2005. PRO-Z005 is electricolly identical to the PRO-2004, although It ls

physically different. The procedure is the some as for the PRO-2004 ecxcept that the
eomponents ore lobeled differently. There are mo "soarly” ar "late" units.

1. Disconnect the scanner from AC or DO power and remove the two screws on the
rear that secure the top plostic outer cose. Remove the top cover by sliding to the
rear and lifting up.

2. Locate the Logic & Display boord which is immediately behind the front panel
display ond keyboord. Examine the Logic & Disploy boord in the area directly behind
the numeral "3" and "&¢" keys and you'll see spets for four diodes with two actually
installed. The upper diode is morked "D-303" ond the lower is morked "[-502."

3. Clip one leg of [B-502 or remove D-502 altogether. Vaolla! Your PRO-2005 has the
frequency capabilities for which it was dezigned.

4, Replace the top cover and screws.

Channel Spocing in The CMT Baonds. It's interesting to note thot, unlike the chonnel
spocing orrongements in ony other rodle service, the ocllocated chonrel spocing
between TMT Frequencies iz 30 kHz. This is of special relevonce since the Step
function on the front keyboord contrels of the PRO-2004 and PRO-2005 lots vou set
the wunits for searching In 5 kHz, 12.5 kHz, and 50 kHz [nerements. Meverthaless, the
CPLU was foctory-progrommed to step in 30 kHz increments when searching the CWMT
bonds, ond early promotionol maoterials issved for the PRO-2004 mentioned this. Fer
example: Program the lower ond wpper "Search" limits os follows-- B880.650 ond
887.780 and then begin the "Search® mede, Yeou'll immediotely notice the "30 kHz"
marker show up on the LCD display.

Mow, press the front-ponel "Step” key ond you'll ses "3 kHz" displayed. Press "Step”
again to see “12.5 kHz" ond then ogain to see "30 kHz Mow press "Step" one more
time, and instead of the "30 kHz" you might hove expected fo see, the diznloy reverts
back to "5 kHz." To get the 30 kHz step rote bock, you have te press the front-parel
"Reset” key. The paint here is that 30 kHz stepping is contralled by the CPU, not the
keyboard, and is ovailable only for the CMT bands. Any time you might become
confused about this when searching, Just press the front-ponsl "Reset” key.

Mote: Don't confuse the front-panel keyboard "Heset" key with the reor ponel
"Restart” key, "Restart” cleors memory, but "Reset” simply returns control of the
“Search" mode step-rate bock to the CPU. The nomes ore simiblor, don't mix them up.

MOD-2 Speeding Up The 5an & Search Rates in
The PRO-2004 & PRO-2005

Methad #1

The foctory speciflcation for "Seon" ond "Search" ipeed in the PRO-Z004/2005 is 8
chamnels or steps per second in the slow mode, ond 14 chennels or steps per second in
fost. This is rob pl:ll'r‘iﬁl.ilql'l':f 'Fn.'si'; in ‘Fnl;l', it i3 rother slow For Ty nppii:n”ur’ls-
Fortunately, there is o 23% foster speed built in fo these scanners which, for some
reosen, Rodie Shock decided not ta use-- perhops sowing [t for o future model
reflnement. Actually, there ore two different ways to spead up these sconners, ond
you can do one, the other, or bath. 5es MOD-3 for the secomd methed. This
madification 1s qulte slmple,

PRO-2004 Speedup #1. The power shauld be disconnected from the sconner. Locoted
In the some dlede/resistor motrix as D-513 dezcribed in MOD-1 for the frequency
restoration medification, you will find on empty spot fer "[-314.% It is mot morked on
the circuit beard, but is the first pair of emply solder pods Just to the rear of D-515,
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which is morked. Moks sure you hove this poir of selder pods ldentifled, then proceed
o5 follows:

. Instoll @ TN?14 ar IN4148 silican switching diede in the ummorked spots for
[-514, These are in the Rodio Shack cotalog os #2746-1122 ond #275-1420. Focing the
front af the sconfer, lacking down inte the CPU comportment, the onode (+]) leg of
the dicde will solder to the left pod of the palr. The cathade (-] leg of the diade will
salder to the right lag of the pair.The bonded end of the disde 1s the cathade.

L. boldering the dicds in the spot for D-314 con be accomplished without remaving
the CPU boord (PC-3} from the chossis. The solder spots for D-514 are alreody
soldered, so if you position o leg of the new diode on one of the solder pads and then
Feat the leg of the diods, it will melt the solder of the pad and slip right in. Don't lat
it slip in rmore thon abour 1/14" though. Repeat thiz procedura for the remaining
disde leg ond selder pod. Ensure correct polarity (+) ond [-) as described in Step 1.

Cormments: That's all rhere iz ta thia. Yeur PRO-2004 will now operate ln "Scon”
and "Search" medes ot 10/20 chonnels or steps per second. There is no drowbock to
this spesdup-- cther operations will not be offected.

PRO-2005 Speedup #1. The procedure for the PRO-2005 i electricolly Identleal to
the PRQ-2004, differing cnly in the physics ond mechaonics of the operation.

1. The power should be discannected fram the scorner. Locote the Logic & Display
boord o5 discussed in MOD-1, ond you will find an empty spot for "D-501." It is not
marked on the chossis, bet D-503, 0-504, and D-302 are marked, so the correct spot
is the only ene left. MNote: D-507 wos snipped to restore CMT frequencies, and D504
should be empty: it will delete 64 fo B8 MHz coverage If Installed.

2. The correct zpat far D-301 s the pair of unused solder pads betwaen D-503 and
[-502. Observing correct pelariry, Imstall o TN?14 ar 1N4148 silicon switching diode
[Rodia Shock #274-1122 or #274-1620) in the unmarked spots for D-501. The ancde (+)
leg of the disde will solder to the inner unused selder pad, while the cathode (-} leg of
the diode will zolder to the suter verused solder pod.

Comments: This is the complete mod. The PRO-2005 will aew "Search" and "Sean”
at o rate of 10/20 chornels or steps per second. Other than the increased speed, other
functions will remain unchanged.
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MOD-23 Speeding Up The 5con & Search Rotes In
The Pro-2004 ond PRO-2003

Methad #2

PRO-2004 Speedup #2. To my way of thinking, even 10/20 chonnels per second I3
pretty slow. Forfunotely, there is onather relatively szimple way of speeding things up
by an odditional 33% (15/30 channels per second). You will need to ocquire a guartz
cryskal-- not the kind used for curing your spiritual imbolances, but one cut for a
frequercy anywhare betwesn 7.0 ond 10.0 MHz. You con try o erystal cut higher than
10 MHz, but It might not waork. Commonly ovoiloble micraprocessor crystols are well
suited for the purpese. You con even order one from Rodio Shock. Agoin, this
modlficatlen 1s slmple ond easy, bur there's one minar drowback.

You could find thot 10.0° MHz iz teo fost for your scamner, or the crystal you select
might not be of the correct type, and if sa, thing: won't work. Thot hoppened to me
anee, olthaugh 1 have never heord ef this limitation from the many people who tell me
thot 10 MHz crystols worked fine for them. In the cose of my PRO-2004, ir was no
problem becouse | operate o communications service shop and hoppen fo stock
hundreds of crystols. 3o, when 10,0 MHz didn't work, I tried others until [ found that
¥ MHz worked just fine. | hove subseguently fried several 10 MHz rnlcrnfrn-:essm
crystols ond they oll performed, so success probobly depends on the type of crystal,
Faras

You may run info this problem and hove to fry severol crystals before finding one
thot works. Still, there is ne preblem in reversing this procedure, so give o try for

worp speed as follows:

1. The power should be disconnected from the scanner. Locate the CPL clock
"ceramic oscilloter,” CX-501. It's eosy ta find. Pry off the metal cover of the CPU
compartment, PC-3, ond look in the right-reor cormer of thot compartment. Just to
the right of IC-502 will be what you're seeking, TX-301-- o little plostic gizme
sticking up out of the circuit board. It will be o blue three-legged deviece, probably
micickad "CETT.3TMTY or similor.

2. You'te better off raising the CPU up from the rmaln chassis fer this med, se

lossen and disconnect the 9-pin cable connectar (CM-501) from the subchassis., CH-501
is locoted toweord the left-rear side of PC-3.

3. Remave the zeven screws that hold PC-3 down to the chaossis. Lift up ond tilt
the PC-3 subchoszis so you can see the bettom of the circuit boord.

4, ldentify the three salder spats that hold CX-501. Desalder those three spate with
descldering broid or o vacuurm solder sucker. Remowe CX-501 and store it oway in o

safe ploce.

Locetizn n_'i bmm 10 MHz Spees ncreass Crystal in
The PROC204. Tra view shown is the Tear-Tioht
carcer ol =025, g
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5. Ignore the center sclder spot from where the CX-301 had been removed. In the
two outer solder spofs where CTX-501 wos removed, install a guartz crystal cut fer o
freguency between ® ond 10 MHz.

Warning - Coution - Impoctant: If your crystol hos a bare metal shell, wrop o loyer
of tape oreund [t. You might be inclined, as I did, te lay the crystal flot-- ond If you
de, it will rest an top of o bore lead of D-51 just below. The bore metal of the
erystal cose will couse a short circuit at that peint. The short circult will couse IC-%,
a CMOS voltoge regulater, to instontly shift into self-destruct mede. Reploeing 1t Is
definitely less fun than thon o bnrr:r of menkeys. But, | plead grass Ignerance and
sheer stupidity. Mow that you've been warned, yeu don't get te use the some excuse.

4. Reimstall rhe CPU boord and tighten the seven screws. Reploce the metal cover
g test the rodio.

Test Procedures. First determine that the rodio wocks by selecting o krown stotion,
such os the closest MOAA 142 MHz bond weather tronsmitter, or your lecal pellece
department’s main frequency. If you don't hear anything, them maybe the erystol yeou
wied is a bit teo high in fregquency or [t's the wrong type. Try a different crystal, or
ane cut for o slightly lower freguency.

Once you confirm that the sconner will receive, disconnect the ontenno from the
rodio. Flip the "ATT" switch on the rear of tha sconner to the 10 d8" pesition. Turn
the "Squelch" contral all the way clockwise [CW). Press "Marual ¢ 1 1 Manoal”. Halding
a stopwatch, hit the "Scan" button ond start the stopwotch simultoneously. Step the
woteh ot the Instont the sconmer posses Chornel 300 (er 400, If that's how maony
channels you have. See MOD-15.]

Perform the following colculotion:

Spesd = # of channels sconned
Eiupse-l:T time In seconds

Mine worked owt this way: Speed= 400 chonnels divided by 14.8 seconds = ZV.03
channels per second. 5low speed is half the speed of fast.

When you hove completed the test procedure, return the "ATT" switch to its

erlgingl positlen priar to the test, or else the scanner will be operoting with reduced
sensitivity.

By the way, my 2004 waos one of the first te hit the maorket. If you are suceessful
with @ 10 MHz crystal, your speed will probaobly be cleser to 30 ch/zec thon I got.

PRO-2003 Specdup #2. The speedup for the 2005 is electricolly identical fo that of
the 2004, The differences are in physics ond mechonicol loyout only. Acgquire o quartz
crystal with o frequeney betwsen 7 ond 10 MHz. Install the crystol in ploce of the

PRO-2045's ceramilc oscillator, TX-501, which is identicol ta thot discussed obove for
the PRO-2004.

In the FRO-2005, CX-501 is located in the center area of the Logle & Dlsplay
boord. When the medification iz completed, use the same test procedurs az given
abave for the PRO-2004 Spesdup #Z.

MOD—4 Improving The Squelch Action In
The PRO-2004 ond PRO-2005

This modificatlon wos highly touted when it wos first intreduced severol years ogo.
Every maogozine ond lirtle newsletter roved obout it 1 even wrote one of the articles
arn how to do the meds. These doys, I'm not guite as exeited about the mad, but it [=
warthy ef mention. By the way, the problem obout to be discussed and solved Is

common te oll current Realistic brond sconners, ond the "fix" is identical to just obout
all.

First, find o vacant channel where there are no signals to interrupt things. Mow,
1




Harp's where 1o ook Tor B-148 in the PRC-2A00W.
[miz iz whooe wou'll want to work to modify the
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the o ouny Gt might be best ko not Tozl with the
soueleh, dzspite dts epperent shorkoomings.

with the "Squelch” turmed all the way counterclockwise (CCW), slowly rotate it
clockwlse (CW) ond stap ot the precise paint where the static sound in the loudspecker
is zilenced. That polnt is rother obrupt, ond you might wont te do it several timas
just  to farnlliorize yourself with when this eccurs.

Mow, ewven more slowly, turn the “Sgquelch” counterclockwlzse [(CCW) ond you'll
immediately nofe thot the sound does not ceturn wntil the knob has been turned
backwards by a small, but signifleont, omount. That's the problem! "Purists" feel that
certeln feeble signals will go undetected because of rhis slappy or rubbery squelch
petion. The hue omd ery 1s for rhe "Squelch” ta come "on" ond "off" os close to the
sarme point os possible. That's fine, theoretically, becowse thot's the woy it should be.

From a procticol stondpoint, however, with a "Squelch" mode that critical, the
merest noise pulses and bursts would ooen the "iguelch" so often thot you'll go crazy
hearing "machine-gun" bursts of stotic oll the Hme. The sconner will stop os much on
static and noise as it will for signols, ond the guestion is if this is o good trode off
for getting rozor shorp squelch oobion. 1 fird Lt crirtaying ond diﬁrupt[v& ta seriows
seanning,

Here 15 what the deal is, ot leost opparently. Rodio Shock realizes thot its
customers are mostly kind of like me in the sense that scanmning for noise ond stotic is
about os enjovable os watching the "snow" on a vacant TV channel. 52, a small omount
of "overlop” (more correctly called "hysteresizs") was deliberately designed In to
oliminate an errotic "Sguelch." Even o, some "purists" feel their coutlon 1s a bl
overdena., Below is o modificotion to correct it, and my own Innovatlen provides an
intermal adjustment  for yeu te set as you like Iv best. If you don't core ond wont o
squeleh sa erltical that you heor every snap, crockle, and pop, then set it that waoy for
yourself. 1f you want just a lirtle rubber and slopover, fine...odjust for that. QK7

PRO-2004 Squelch Improvement. Disconnect the power from the sconner. Hemowve
the outer cose of the sconner, Facing the frent of the rodie with It pesitioned upright,
look down into the center orea of the receiver boord.

l. Locate the subchaossiz with o mefal cover thot is portly hidden undar the sloping
foceplate of the radie. There ore thirteen holes in this metal cover for the purpose of
adjustmants bensath. Corefully pry off the cover of this subchaossis. That printed
circuit board is morked "PC-1" but you econ't see It becouse it is hidden under the
slaplng front panel.

Z. Locaote IC-Z, which will be In the for-left side of the PC-1 subchassis, and off by
itself, owoy from ather IC's. The rype number of [C-2 is TE-10420, though the "TK"
maoy not be marked on the chip in your scanner. IC-2 is locoted just to the left of o
crystal, X-2.
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3. Locaote R-148, o 47K (color code: yellaw/vialat/orange] resistor between Pins 12
ore 14 on the left side of IC-2. It is cleerly morked an the clreult boord,

4. Tin with selder the tep leg of R-148 zo that the paint is scorched off and the
mefal wire is exposed. Cut the top leg of R-148 somewhat owoy from the body of the
resistar so that bhoth cut ends con be soldered later. Spread the two cub ends opart.

2, Batween the two cutl ends of R-148, solder o 200K to 500K warloble frlmmer
potentiomerer.

You'te done, except for odjusting the teimmer pot ond replacing the metal cover
and case. Following is the theory of the modifleatlen (in case you're curiows) plus o
nate er twe to help you aleng.

Theory: Resistor R-148 prevides 47,000 (47K) ohms between Pins 12 ond 14 of 1C-1.
This "pregrams” [C-2 to provide a partlevlor sgueleh aetlen. Less resistonce than 47K,
el the slop and rubbery cchion gets werze. The higher the resistance, the tighter the
squeleh oction, 3ome purists simply remove R-148 so thot there is infinite resistonce
between Plns 12 and 14, Personally, 1 find o totol resistance of 130K to 200K to be
better. Therefore, since 47K [z already In ploce, you need on additionol 100K-150K in
series with R-148. The frimmer pot allows you the freedom to decide what you like
best, and chonge your mind from time to time. If you den't have a trim pet, you can
always solder o 100K resistor betwsen the twe cut ends of R-148 and still get some
improvement over the stock sguelch action.

PRO-2M5 Squelch Improvement. For the PRO-2005, you'll first disconnect the
power from the scanner then locate 1C-2 (TK-10423) and resistor R-15%, which
happens te be 33K ehms lcaler code: erongefarangeforangel. R-152 runs between Pins
12 and 14 as uvsual, but iz o surface-mount type ond is installed on the bottom side of
the boord below where IC-2 is instolled. You'll have to remove R-152 fram the
wrderside of the boord and then yoeu con work from the top ofter that. Be careful
when soldering to Pins 12 and 14 of IC-Z. If can be done, but be coreful. A total of
about 130K chms between Pins 12 ond 14 zshould be just cbout right,

Other Realistic Scommers. All Reolistic brond sconners sinee the eld PRO-Z002 use
the some TE-10420 or generle equivolent which provides a lot of the receiver
functlons on a single chip. Pins 12 and 14 program the squelch action, so by increasing
the resistance between those two pins, you'll couse the squelch actlen ta become
tighter. This is true of the PRO-2002, PRO-20Z1, ard oll arher Reallstic sconners of
recent times. Find the TE-10420 chip; find Pins 12 and 14; locate the resistor between
those two pins; Increase that resistonce by 100K te 200K, and yau're in buslness.

MOD-3 Improved Tape Recorder Outputl Quality In
The PRO-2004 and PRO-2005, Plus Other Scanners

Ever notice the harsh ond disogreeable quality of tape recordings mode from the
"Taope Cut" jock eon the rear of the PRO-2004/20057 1 don't aven like the quolity of
the sound that comes from the recorder autputs of most sconners, communications
recelvers or even CO fronscelvers. The oudle signal ot the output jock iz af o very
high level and, to moke motters even worse, it's noisy and distorted. Part of the
problem iz thot modern taope recorders work just fine with “line level" signols, ond
thot means levels of only o few millivelts. Therefore, the high level signals at the
"Tope Cut" jock come out like the Marines orriving at the Holls of Montezuma-- they
overdrive most recorders ond couse distortion. A guick review of the schernatic
diogram led me ro spot the problem ond then see o hondy sclution.

Far my PRO-2004, I left intact the stock "Tope Qut" jock ond its cirsuit, but T olse
addad a zeparate "Tope Rec Out" jock ond clrcult for "line level" quolity output. The
circuit requires three parts, and o bit of shielded microphene cable. Refer to Figure
4.5-1 for the wiring diogrom, Taoble 4-5-1 for the Portz: List, the phofos ond
step-hy-step Instructions that fallaw hers.
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Figure 4-5-1
Improved Tape Recorder Output

Existing PRO-2004 Clreultry
(PRO-2005 circuit alrmeost identical.)

_ Solder directly
T G4, Pin 9

0.1 uF /50 YO

Ehiald Mic Cahl=

Trimmer Pot 1{5 .;5’ g Mo | d
il .-, R

S o= - T @ "TAPE REC"
E | I Ol puit Jock

Bulld this simple circvit te improve the "TAFE REC" guality from any sconner.

Notes - See Text

1. Adjust trim pot for best quality tope recordings.

2. PR0O-7005: Salder the .1 uF copacitar ta 1C-5's Pin 13.

3. Install elrcuit inside scanner. Use shielded microphone coble from trim pot to the new
"TAPE REC" autput jack.

4. For other scanners, solder the .1 uF copacitar te the "Detector” output.
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Impeawing tre tape recording cualiby redulres the
% |nstallakios of same parks,

Table 4=5=]

PARTS LIET FOR IRPROMED TAPE RECORDER GUALITY

LN DESCRIFTION RADIQ SHACK #
1l =a Trimaer potenticmeter | S0k ohm= Z71-217 or Z¥1-ZBZ
12" appraou Emialdeas Microphana cablat 2TH=-T732
1 =a «1-uF AR YDE capac tor: I72~135 or ZF¥2-104%
1 Sa FOR Fhono Jacs: IFa-345

cr "/&" phone jacki: I74-301

o yowr own choice of jack

PRO-2004. Disconnect scanner from its power source, them:

1. Locate IC-4 on the main receiver board. You shouldn't have to pry off ony metal
covers other thon to remove the main cose at the begimning. IC-6 is locoted at the
left-rear guadrant. IC-& (s the middle of three Integrored elrcults situated In parallel
I that vielnity of the main recelver board.

2. Locate Pin ¥ of TC-4,

3. Clip one leg of the .1 wF/SOVDC copocitor from the Parts List so that it is
about 1/4" long. Solder that leg of the copocitor directly to Pin ? of 1C-4. Tin PFin ¥
of [C-4 with solder first and then guickly sclder the copocitar to that pln.

4, Solder the mini 30K trimmer potentiometer as follows:

A, One end leg of the trimmer (o stoter] to o nearby ground. The nearby
metal shield cose is o good ground spoft.

B. Solder the free leg of the capaocitor to the other end leg (the other stater)
of the trimmer pot. Put o bit of insulation sleeving over thls leg of the
capocitar befare scldering It te the trlmmer pot if it hos o chonge of
touching anything.

5. Prepore o short length of shielded microphone coble and connect one end as
followes:

A. Center conductor to the center leg {the rotor) of the trimmer.

B. Shleld conductor to the nearby ground spot where one end of the trimmer
pet was saldered.

t. Connect the other end of the microphone coble to o jock of your choice mounted
anywhere you like on the reor chossis or the front panel. The shield ot this end of the
mic coble does mot absolutely need to be connected to grownd, though it is advisoble
to do so for wltimate quality.
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Mote: My pew "Tope Ree Out" jock is en the frant ponel near the headphone jack.
1 chaose thot leeation so It could be uvsed In tandem with the automatle fope recarder
swlteh deserlbed in MOD-6 of this baok. If you ore mot sure where to locote your new

"Tape Rec Out" jock, read MOD-4 first for some ideos.

7. Connect o Popo recorder fo your "Tope Rec Qut" jock ond tume In o station on
the sconner. Adjust the trimmer potentiometer for best quallty recerding with a
minlmurm of nolse. Mate: Turnlng the telmmer pot all the way to one end will result in
gither too strong signals or foo much rnoise, or both. At the extreme other end of the
trimmer, there will be zore signol ard zero noise. Somowhere bobween these twe
extremes is ona ideal spot you con find by experimenting.

PRO-2005 Mote. Follow these some steps of procedurs given for the PRO-Z004,
nhave |:.=:I-:i;|.‘-|:_‘:-| Tt Y " wark with E': 5 F'J-"'l 13 trstescidd ﬂ-F IC 5 Pin 2. IC-5 In T"lﬁ:
PRO-2005 is located on the main receiver board pretty much a: described above far
[C-& of the PRG-2004,

MOD-4 Auvtamatic Tape Recorder Swiltch for
The PRO-2004, PRO-2005 & Other Sconnecs, Too

Vaice Activated (WOX) tope recerders hove come o long woy in o short time, and
they do work to some extent for sconner enthuoslasts, but there con be mare trevhle
than the YWOX feature might be worth, Depending vpon the scanmer, sometlmes sven
when the "Squelch” is set ond mo signals are coming in; there iz o substantial amount
af meise I the "tope out" aor "heodphone” circuits. This is notable in beth the
PRO-Z004 ond PRO-2005. This neise triggers the VOX circuwits of the tope recorder,
and the result iz as If there ware Ao VDX ol -;_1“.- THes rl;,:p-: recorder g;ir‘lds away,
recording the sounds of silerce plus a little nelze. For those sltuatlons that de wock,
the precise VOX settings are critical and net highly reliabls.

Te ocwoid all such p:nl:rler‘ns., Pera is o autarnal ic |11|::|r;=. recorder switeh that is :nﬁ.i]:,r
ond enjoyobly built. It contrels a tape recorder so thal when the "Sguelch" is set, the
rocorder will oute-stop aond just sit there waifing until a signal breoks the sgueleh.
Ther the tope recorder will outo-stort ond record the signcl unfil i lecvas the oir. In
thot MOonner, o A9-pnlhute or q 1Eﬂ-rn|n|,.|h: |-:1|;,:-|_- can b= stretched to the max with no
dead spots between the action.

This ere works just fine, ond the cost is minimal. Operotion is triggered by the
"Squelch,” mat by oudle, so It ls relotively foil-safe ond foelpraaf. If the sigrn:ll is
strong enough fo break fhe squalch, it will get coptured on your tope. Bullt an o "perf
boerd” with o handful of components, the Automatic Tope Recorder Switch will assure
vou of not missing the oction on your faverite chennel {or group of channels) while
ywou aren't present. Check the Ports List {Toble 4-4.1}, sea the wiring diogrom {Figure
4-4-1), then follow the directions.

Autoriztes bape pecarder awitch layoss. 10e

firss cowveved with a laver of -olestic oeforg the
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Figure 4-6-1
Reso Shock 175005 Automatic Tape Recorder Switch

Bottom Yiew

B . Peint "A"
1 - WG I:
1. 3TN ML —iu
HO- Mormally Open g R T
MNC= Marmally Clawed
COMM= Comemon =1 =
COIL Yoltoge= ¥ YOO _—
COIL Resistonce- 500 ohms 7
K-1 coll
- HC
r = :
] R-2 TR MO
o g
Sguelch Gaote ?
Trfm:t From — T
1C-3 Pin 1 in —
PRO-2004 = 1-1
ar - Te "Remals"
IC-3 Pin 1 in imput of tope
FRO-2005 recordes wia
a guated cibibe.
+# ¥ Soures BFfy. B
from Cothods 5.3 YT
L Ta
of O-51 In 0 HaH
PRO-2004 or  ~ o e "'*E]'“‘
Cathedes af
D-54 or 057
In PRO-MK5

Nates - (See Text]

I, ClAa & CIB should be 32-33 uF [total) tontalum copaciter.

2. D-1= Any LED with forward voltage drop off of abeut 1.6-1.8B V will do.
3, -2 eon be substituted with o TMN?P14/1MN4148 switching diode.

4, R-1, R-3, E-4, & B-5 can be voried.

5. -2 can be any NPN switching translstar (ECG-123A, etc.).

&.  Moxlmum eurrent droin is obowt 20 ma.




Table #-&-=1

FARTS LIST FOR THE AUTOMATIC TAPE RECORDER SWITCH

Ckt

':":,I'I.'II:|I:|! Cidarn pRscription Fadio Shack #

C=la 1 22=uF #1454 VDL tantalum capacitore Z¥2=-1A4537 Sea HOTE®
C=ib 1 19—uF #1a YDLC tantalum capact tor: ZFT-1424 Ses HOTE:®
o=2 1 2o Z-uFSEE YORD tantalun apacitor: FT2-14F%5

n—1 1 LED; 2TE-E2E

n=-2 1 1MN4304 drodeg 2Te—11083

J-1 1 Jack of your choitcej suggesteds 2742592

E-1 1 BFET miri relayy low current draing 275-BAas

-1 1 ZHIE1TY FET trancsistara 27 45-205E5

G2 i APE-2222A transizkorg 2Fe-2007

F=1 1 23k, *la—Hatt resistart Z71-1=5m

R-2 1 li—-mag,; */a—WHatt reslstarj 271—-1 342

=3 ] G, Tk, *Wa-wall re=istor; 271=1338

F=4 I 18 k, *Ya-wmatt resistori 271-1335

=5 i 3.5 Iy Va—watt resietor: 2r1-1%39

B-1 L SFST mind toggle =wmiich o =guivs 2¥5=&4Z% ar ZTS-&12
Fisc Fert board, apprax 1.28" » 1.224% Z2T7&—1399

HOTE:*r C-l1z and C-lb tantalur capacitors are paralleled &oc act as ooe

32-uF capascitar, C-L. N single IZ-uF/sib&wde tantalum capacttar
rould ba perfoctly acceptable, but Radia Shack dossn't have it,

PRO-2005 Mote. This maodification can be easlly aceemplished using the followlng
procedurs, but first see the exceptions and differences at the end.

l. Faobricote the Automaotic Tope Recorder Switch occording to the wiring diagram
in Figure 4-4-1. Ports layout is not critical. Be sure thot the ftantalum copocitors
{C-la, C-1b, and C-2} are wired in correct pelarity (+ ond -). Alse be sure that
correct polarity of the two dicdes, D-1 ond D-2, is cbserved relotive to the wiring
diogram in Figure 4-4-1. Chack the package the the LED (D-1) came in for
information on correct polarity before wiring it in, or turn the LED wpside down so
that the ping peint taward yeu and you'll see that next to one of the leods at the base
there will be a "flat" side of the otherwise circulor bose. The lead next to the flat
spor 1z wsually the cothode (-). Solder celor-ceded wires obout 12° long to: Beoord
ground; Point "A"; the free end of R-1; ond to the "Comm" ond "M.C." terminals of

Relay K-1.

Prelimory testing: You should test the boord "out of circuit" once it hos been
completed. Testing is eosy, as follows: Connect the negative {-) side of a F-velt
bottery te the ground of the new boord, Connect the positive (+] side of the F-vealt
battery to Paint "A" of the new board. Then, connecr the () side of o 1.5-velt

This Is the top-io-hotkomn Tlis view of the
aubemalied taps racordsT switch.
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futomatle tass recordec swisch imsesling 5o
SRO-Z0CL. The pircwit cosrd 13 mous2ec by
sldering bwo gTound lugs ta Lhe chissis sice
wall, Dlscegace e vnfamilar components, Lhis
was an gzrly crotatepe cesig-,

flashlight bottery to the board ground, ond then the (+] side of the l.5-volt battery to
the free end aof R-1 an the new board. At the instont you touch the [+) bottery
terminol te R-1, you should hear the reloy (K-1] elick (energlze). Then remove the (-]
hottery connection fram R-1 ond the reloy will click agoin az it de-spergizes.

Meta: The circult might "trigger" witheut the use of the 1.5-valt battery if you just
touch the free end of R-1. Malse (s picked up by your body ond coupled Inte Q-1 is
someftimes sufficlent ta trigger the relay.

If everything works OFK, move on te Step #Z. If not, troubleshooting is required.
First try triggering the clreult with twao flashllght batteries hooked in series (3 wolts],
with the negatlve (-] terminol cormected to the board ground, and the pozitive [+)
tarminal to the free end of R-1. If the reloy does not "click” now, there is definitely
o problem on the board. Double check the polority of the two diodes [D-1 and DB-Z)
ogolnst the wiring dlogram re moke certaln It's correct. LED's ore wvery prone to
revarsie polarity errors. Otherwlse, obeout the only thing that con go wrong are the
tranzistors or, of courze, the wiring itself. Thiz iz o neat circuit ond it works great, so
if you've followed directions and your connections work, very little con go wreng.

2. The critical thing is to decide where on the scanner you want the switch (5-1)
ond the tape recorder contral jock [J-1]. 1f you perform the improved tope recorder
output quality modification {MOD-5), you moy want thot "Tepe Rec Out" jock to bs
close to the tape recorder contral jack (J-1) of this med.

Install 5-1 ond J-T in locations of your cheice. Put a ground solder lug on J-1 (if it
doesn't alreody have one) before installing ond tightening the lock nut.

3. The cempleted circuit boord should be mechenicolly lnstalled semewhere handy
inside the rodio se that it doesn't just flop arcund loose. T installed mine by seldering
the ground leg of the board directly to the sidewall of the inner metal main chossls
near the sconmec's power supply, The inter-wiring in Steps 4 throwgh ¥ con e done
either just before or just aofter the boord iz mounted in the ploce of your choice.

4, Connect the hookup wire from the free end of R-1 (220K} on the new boord to
I2-3, Fin 1 in the PRO-2004, IC-3 is5 located in the left-rear arco of the PRO-2004's
moin receiver circuit board. Mote: This will be the sguelch gote trigger far the
rew hoard.

Hezlpful hint: There is o circuit trace thot leods away frem 10-3, Ple 1 Fo on unused
solder pod. 3elder the hookup wire to this pod instead of directly te Fin 1.

5. Connect the hookup wire frem Paint "AY on the rew boord (Junction of D-2, C-2,
drali of G-1 and the call of K-1] o ohe terminal of switch 3-1.

4. Connect o hookup wire from the aother terminol of Switch 5-1 ta the cathode (-1
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be installed anywhare, bt speca s avallabiz near
the h2adphone jack (a4 shown)

TAPE REC QU
|1 JACK (MOL-5 The switch and Jacks Tor Remote and Tepe Jut can

leg of D-51 in the PRO-2004. Mote: The cathede of D-51 is on excellent source of
+7.2 VDC in the PRO-2004's power supply to run the new board, ond is locoted in the
left-cear quadrant of the main receiver boord under the speoker, which will hove to be
temporarily removed for access below.

7. If you hoven't olready dene so, connect o hookup wire from the ground [common)
side of the new boord to the metal chossis of the PRO-2004. You could, instead,
commec! o hookup wire from ground of the new board to any printed circuit board
graund of the PRO-2004 o5 well; either/or, If you solder the new boord's ground
directly to the meral chassis (as [ dld), then this step |5 not necessary.

B. Solder o polr of hookup wires te the "BLO" ond the "Comm" contocts of the
relay {K-1), if you haven't already dene so.

9. Solder the ather end of this palr of wires ta the hot and ground lugs of the new
tape recerder contral jock (J-1). 3ee Step 2. The wire from the "Comer” terminal of
the relay should go ta the ground lug of J-1.

10, Connection/Testing/Adjustment,/Cparationt

A. Connect a jumper coble from the tope recarder's "Remota" jock ta the
tape recorder controal jock (J-1) newly installed in the PRO-2004,

B. Connect anether jumper cable from the "Tepe Qut" jock on the rear of the
PRO-Z004 (or your paw "Tope Rec Out" jock if you've performed MCD-5) to
the record Input joek of your tope recorder.

C. %Set 5-1 to "OFff." Set the scanner to an unused chonnel with the sgueleh
activated (turned up). Sat the rape machine te "Record" mode.

Mote: the fope recerder sheuld not actually recard yet becouse 5-1 is off and
the jumper cable fram J-1 to the "Remote" jock on the tape rmochine pouses
the recorder. Mow turn 5-1 te the "On" position. MNothing still will happen
becouse the "Sqguelch" has net released.

D. Mow, slowly turn the "Squelch” counterclockwise (CCW) until you hear
static from the sconmer. At thot precise mement, the tope recorder should
bagin recording.

E. Mow turn the "Squelch" clockwlse untll the scanner is silenced, ond then
after a very brief delay, the tape mochlne shauld shut dewn.

If all iz well at this peint, you're ready to clean up ond restore the sconner to Its
normel eperating position. Turn 5-1 off when the outomatic tope recorder switching

device Is not In use,
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Front parel of the PRO-2008 showing e mounting
af The N tape cecorder switch (at laft) and mew
TEHFE =Ed mub jack from kOC-5.

Tech Theory of The Automatic Tope Recorder Switch. Sometimes it is helpful to
know the theory bohind why the circuits we build work. Here's what hoppens in this
maost vseful ond neat circwit.

R-1 samples the status of the =quelch signel in the scorner. When the "Squeleh" ls
set but ro signals ore present to breaok it, IC-2's Pin 13 cutputs o 0.0 VDC signal to
IC-3, Pin 1. R-1 somples that DC signal of [C-3's Pin 1. When the sguelch breaks (llke
when o signel comes in) or the knob is turned down by the operoter, the output of
IC-2's Pin 12 rises ta +4.5 VDC, ogain sensed by R-1.

R-1 seives to lsolate the mew circult from the PRO-2004's clreultry so thot If ever
a problem develops on the new boord, it won't affect the scomner. R-1 alsa couples
the =quelch signal to the gote of Q-1, o Field Effect Tronsister (FET) with on
extremely high input resistance. It, too will not offect the scanmer's circwitry,
however when o squelch wvoltage of some +DC level is opplied to Q-1's gate, then Q-1
incremses conduction. The voltoge drop ocross R-3 increoses, which roises the ferword
bias of D-1. As soon as the voltage rise oppeors ocross R-3, then C-1 charges to thet
voltoge through LED dicde D-1. The LED is not used for light, though it maoy flicker
or dimly glow. Chaorging of C-1 tokes ploce olmost instantly,

As C-1 chargss, the same chorging veltage Is "felt" vio R4 & RS to the base of
Q-2. That wvoltage biozes the boze of Q-2 more positive thereby Increasing collector
eurrent through the coil of reloy K-1. K-1 then energizes ot chonges state, ond makes
a short circuit from the "common" terminal te the "nermaolly eper! rerminel. Thaot
short circuit lor, better termed o "contoct closure") is passed threugh autput jack J-1,
inta the jumper cable to the "Remote" jock of the tape recorder. If the tope recorder
hos been set to the “Record” position (ond, if 3-1 is on), then os soon as K-]
energizes, the tope recorder will begin to record.

When the sgueleh octlvates, a 0.0 VDC signal is returned to the gote of Q-1,
therehy decrecslng conduction thraugh G-1. Current through R-3 ond the wvoltoge
across -3 decrease. With nathing te charge It now, C-1 must discharge, but it connot
discharge through back through R-3, since diedes conduct only Iln one directlon.
Therefors, C-1 discharges through R-4, R-5, ond Q-2. The reslstance of R-4 ond R-5
slows the dischorge rate of C-1. As lang as C-1 discharges {gbout 0.5 seconds), Q-2
remainzs biosed for heavy conduction, ond relay K-1 will remain energized. Depending
an the volues of C-1, R4, and R-5, the dischorge time of CT-1 will be less than |
second. When C-1 is discharged, 3-2 decreagses conductien. Current through the coil of
relay K-1 drops below the helding level required, se K-1 de-energizes amd returns to
an open circuit to -1, At the moment K-1 [s de-energlzed, the fope recorder will
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stop ond wait for the next contact closure which can be triggered only when the
sguelech of the sconner breoks ogoin. The tope recorder will remoin in standby until
signals breok the sguelch.

Diode D-Z iz 0 protective component, strotegicolly ploced to do nothing unless the
cocil of the relay generctes o high voltage spike [which coils are known fo do), in
which cose, D-2 shorts the spike. This prevents it from caouzing any domaoge to the
boord ond the sconner. C-2 assures smooth DC power to the board, filtering out noise
ond AC hum that might come in from the scanner's power supply at D-531, or which
might go bock into the sconner from the board.

You con set the scanner to "Maonual," "3con,” or "Search" operating mode and thon
then go to bed, to work, to the store, to the movies, or get busy in some other room
of the house. The fope recorder will record cnly active channels and only when the
squelch breaks. There won't be ony deod or blonk spots on the tape. A 45 ta 120
minute tope con deal with hours or even days of activity on o given channel if it isn't
too busy. Obviously, a busy channel is geing to use up tope more ropidly.

PRO-2005. Follow the same procedure as just shown for the PRO-2004, cxcept:

A. Power the new circuit board ot Peint "A" frem the cathode (=) of either D-54 or
D-5%, located in the left-reocr orea of the main receiver boord.

B. 5Sample the sgquelch signol te R-1 from IC-3's Pin 1. IC-3 iz located in the
left-rear areo of the maoin receiver hoord.

Other Sconners. This modification can be readily odopted to most ony other scanner
that employs a positive squelch "gote.” That is, when the squelch breaks, o +DC signal
of 2 ta 5 volts must be generoted, ond then foll te near zero vaolts when the squalch
is set. Find that signal peint and feed it ta R-1 o= previously described. Point "A™ on
the new boord must be powered with about +% VDC, though there iz some flexibility, 1
suppose, of 8 to 10 wvolts.

Mote: This cirouit, os designed, energizes relay K-1 when the sguelch gate trigger
or input voltoge rises to obout +1.20 VDC or more. The reloy will de-energize when
the inpet gote trigger drops below abowt +0.2 VDO, Megative wvoltoges ocre of no
Impartonce. The main thing is thot when the sguelch is set, the veltoge te B-1 must
be less than 0.2 YDC. When the squelch breoks, the wveltage to R-1 must rise te of
least 1.2 VDC,

Cifferent combinotions of R-3, R-4, R-5, and C-1 could compensate for slightly
different squelch actiens in ether sconners. Experiment with RB-3 only as a lost resart.

MOD-7 Improved Low Visibility Keyboard for
The PRO-2004

Sorry, falks, but this one's o PRO-2Z004 exclusive. The concept glven hers wos
originated by DOr. Milon Chepko of Mississippl. Llke me, he hos o problem seeing ond
uslng the PRO-2004's flot, feotureless, keyboard in low light levels. Dr. Chepko and |
carroborated to work out a minimoal-cost, highly effective Improvement for the
keyhoard vnder low-light conditions.

Here it is, lote at night, ond you've settled bock to do some serious scanning. The
lights ore dim ond your PRO-2004 is chattering owoy. The 2004 is sconning through
severol memory banks ot worp speed when suddenly something really interesting begins
te develop on one frequency. As on esperlenced operotor, you well know that even the
"Deloy" mode sometimes [sn't long enough to keep the set fram sconning ogaln before
the chamnel 1s accupled by onother signol. If you don't hop on that "Monwal" key In a
flash, the seonning octlen might stort up agoin and you will might never know which
chonnel the actlon wos on, But, with the keyvhoord olmost inwvisible in the dim light,
wou probably wen't be chle to be able to find the "Manual” key in time,
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Improver Inwaislbillty keyboard overlay. Mote the
roles ponched in the plastle overlay sk certain
recognikion painks.

Same scenarie con opply if you're searching unknown bands and you hit upon a live
frequency of interest. Before you con gather up your wits {ond sights) to hit the
"Monitor” key, the whaole thing is gone. Fomilior?

While Dr. Chepko ond [ con't increase your recction time, we con offer a fix to
make things easier on your vision. Cenjure up o piece of clear Acetote (stiff, but thin,
clear plostic) like that used on “document protectors” or photo albums. Cut a plece
exoctly ¥5 mm. by 63 mm. 5et the cleor plostic on the keyboord so that it fits into
the recesed rectongle. A bit of trimming rmight be required for a perfect fit. Better
te have It a tight fit than too loose. If locse, it will slide arovnd ond annoy you.

Once it fits, use a marking pen to place small dors In the center of certain critical
keys, such os "Scan," "Menitor," and the up ond down arrows. Mow, use a hele punch
ot sharp rozor blode te moke smoll cutouts over eoch det you've marked. Don't get
carried oway and do all the keys; you won't need them oll most of the time, and with
only o few reference holes you'll better know where everything else is located. For
axample, with o hele over "Scon," you know that "Mornual" Is just ahove that hole, and
"Delay" Iz just below. With o hele on the "Monlitor" key, you know thot "Direct” is
just obewve, ond "Reset" ls ta rhe left. The nurmerols ond "Progrom” con be left alone
becouse you don't prograrn often, and certalnly not in low light levels.

30, in dim or mo light, ond with just o bit of proctice, your fingers con find their
way around the [mportant arecs of the keyboord while your eyes rest. And it still
looks great in bright light since the clear plastic s hord to see. The plastic plate
you've added will remain [n ploce without glue or other adhesives and yet it moy be
removed when desired.

By the way, this iz on excellent oid for vision impeoired sconner fans, but then,
they've probobly alrecdy come up with the idea on thelr own.

MoD-8 Improved Heodphone Audio for
The PRO-2004, PRO-2005 & Perhops Other Sconners, Too

Dr. Chepke olso abserved that the heodphene fearure of boeth the PRO-2004 and
PRO-2005 leave some room for Improvement. Perhops this s olse true for other
sconners o5 well. Most of the time, the cure is simple. Bur first, let's identify the
problem we are focing.

Plug an eorphone inte the jock on the front panel of your PRO-2004/2005. Select a
signal to monitor and odjust the wvolume to o comfortoble level. MNow remove the
eaorphane from the jock. The shock wave of oudic decibels thot suddenly emicrges from
your loudspeaker is uwsually enough to frighten the neighbors. You quickly fumble with
the valume contrel fo reduce [ts setting. You've discovered that it takes o lot mare
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Imgroved headphans madics 10-chm resistor
Installed. The right end of the resistor Is soldered
ko the headohore ground lug, The cther end of the
reslster [ saldered to g PO board ground braces
bslow.

wolurme contral for o given level of sound froam the headphone jock thon it does for
eithar the Internaol or external speaker. Let's aqualize the sound level between the
headphane jock and the speaker. 1t's rather sazy to do.

The culprit that's cousing the problem is R-218 in the PRO-2004 (R-228 in the
PRO-2005). In either radio, there is a Z70-ghm resistor connected in series with the
ground lug of the heaodphone jock at one and of the circuit to boord ground at the
ather end. What this does is nothing as long o= you're listening to speaker oudio. When
you plug on earphone inte the jack, then 270-chms is in series with the earpicce and
this resistonce acts o5 a fizxed volume oftenuotor. That's why you have to cronk up the
sound fo compensate. The fix iz easy.

I. Disconnect the sconner from its power source. Hemove the case of the scanmer
and flip the rodio upside down so you con examine the heodphone jack from inside the
tfront ponel. There will be two wires to the jack.

Mote: Yeou moy wish to remove the front ponel from the maoin chossis to moke occess
ta the phone jock a little easier. There ore four countersunk phillips screws, two on
either side of the front panel that hove fo be removed.

2. Find the ground leg [the outer ring or shell} of the phone jock.

3. Solder one leed of o 10-chm, l-wott resistor [Rodio Shack #271-151) to the
ground lug of the phone jock. Don't cut any wires!

4, Solder the other leod of the 10-chm resistor to ony circuit board ground spot or
directly to a metal chossis, You may have to solder o bit of hookup wire to the free
end of the resistor in order to enoble it to reach o ground point.

That's it. Button things wp and enjoy headphone wvolume that is pretty much
equalized with the speaker wolume.

What we have dane here is to porallel the headphone limiting resistor (R-218 in the
PRO-2004, R-228 in the PRO-2005) with 10 ohms to reduce the owverall =eries
reslstanee fo the phone jock. Don't monkey with R-218 (or R-228 in the PRO-2005)
because 1t s hidden an the clrewit board samewhere ond access or remaoval is neither
convenient nor reguired.

Other Scommers moy hove the seme problem and the fix is ldentical.
MOD-? Disabling the "Besp® in
The PRO-2004 ond PRO-2005

They went to oll of the trouble to moke these sets "beep” when the keyboard keys
are pressed, and opporently lots of owners gol annoyed! 1 soy "opparently” becouse I've
seen ad: in the scanner hobby medio from shops from comms shops that offer to
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To cisshls tre "Lesp! In the FRO-200%, ane leg of
F-212 mikt be clippes. ¥ou mey regret daing this,
Froveresr. Ses text for discussoo of ey,

"disable the beep." | con't Imogine why anybody would want the "becop” disobled since
It lets you know when you've hit or missed o key. This is very important when you're
trying to work fost ond occurately to progrom on ormful of frequencies.

If you've worked at the keyboard of the PRO-2004/2005 at any length, you ore well
aware aof how eosy it is to miss a key. When you think you hit o key but don't hear o
“beep" to confirm this, you instantly know to try ogain. If the "beep” is disabled, you
will then be forced to constantly trock your eves between your list of frequencies and
the LCD display to make certain thot you hoven't occidentolly skipped over enfering
something., Hove you ever progrommed o consscutive, argonized list of of 300 or 400
frequencies, enly to discover towards the end thot one ot the beginning somehow
didn't get progrommed? This is especiclly relevant te the PRO-2004 with its keyboord
as flot as Mebraska thot offers little or no toctile sense when you hit or miss a key.

The "beep” wos put there with good ceoson, but if you hove o better one for
ditching it, then don't let me stop you, 1H's eosy to get rid af:

PRO-2004.

1. Disconnect the rodio  from its power source. Locate R-212 on the main receiver
boord in the left-rear guadront, about a holf-ineh to the left of IC-3.

2. Clip one leg of R-212 part way dewn the lead se that it con be resaldered ar
some point In the future if you wont the "neep” restored (ond you will..).

3. You could alse add on SPST switeh somewhsre and wire the twe lugs of the
switch to the two cut ends of R-212 ta allow you to switch the "beep" feature on and
off at will. Thot's probably the best aopprooch because as scon as you disoble the
“beep” and begin to work with the mute sconner you'll wish you had the "beep" baock.

PRO-2005.

1. Discannest scomner fram power souree. Locate R-221 or C-Z1¥ on the main
racalver boord in the left-rear quodrant, shout on inch te the left and forward of

1C-3,

2. Remove either R-222 or C-219, but not both (it doesn't matter which one). These
agre surfoce-mount components, so be coreful becouse someday in the future you will
want to restore the "beep,” possibly within 5 minutes.

3. You could olse odd o 3P3T switch somewhere ond wite the twe lugs of the
swilch os fallaws to switeh the "beep" in ond out of the circull (see my comment for
Step 3 of the FRO-2004 mod):

A, Hesolder one leg of the component removed in Step £ to one of the solder
pads from wheanse it come, but do it so thot it stonds on-end.
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B. Solder one wire from the new switch to the free end of the standlng
cormpansnt,

C. Solder the ather wire from the switch to the now unused salder pad where
the component was removed in 3tep 2, obove.

MOD-10 Making Scorners More Tronsportable

Sometimes it iz most convenlent, perhops even necessary, te use o base station type
scanner [such oz o PRO-2004/2005) in ploces besides the rodio desk at home. Most
operators don't wish to buy lor ean't afford) en extre scanner for every occosion ond
must odopt their moin base scanner for omy situation-- be the need in o motel,
wehicle, temporory base, or some ather weird ploce. One preblem with this (s the
ungainly, owkword AC power cord that must be celled up and then tucked out of the
way when the unit trovel: or goes portable.

Seme scanners (such as the PRO-2004/2005) were nat particularly Intended for
meobile use. But why not, since they ore copoble of being powered from 12 VDC. Mo
matter your opplicotion, this useful meodification renders your scanner more easily
transportable by moking the AC power cord remowvaoble,

1. Cut the AC powear cord ohout 2" to 3" from the reor of the chossis, the shorter
the better-- but you hove to leave enough to comfortably work with, And, of course,
make ecertaln that it hos been urplugged from the power line before you do any
cutting!

2. Strip obout 1/4" of insulation fram bath wires ot each cut end.

d. Ta the cut end of the short AC wire ot the back of the sconner, attach o small
pawer plug (Radia Shack #274-201}.

4. Te the cut end of the long AC power caoble that will plug into the wall
receptocle, attoch a maotching power socket {Radio Shack #274-202).

Safety Motice. This entire operation should be done with the power cord
disconnected from the wall socket. Be zure te install the socket (female) on the end
of the long AC cerd thot plugs inte the wall-- NOT an the short wire stub on the rear
af the scanner. The plug (male] goes on the shart wire ot the back of the sconmer. IF
you it just the opposite, searer or later you'll furmble areund ln the dark behind the
sconnet ond grob ohold of rhoss bare-- omd electilcally charged-- prongs for o severe
and dongarous 117 velt shack.

5. If you operate your scanner in different locotions, such os living room, office,
den, bosement, vocofion home, os well as in the mobile or RY, you could moke up
sevaral extra AC power cords with the mating socket and just leave them everywhere
you operate your scanner. Maoke up amother extro for the glovebox or trunk of your
cor so you can plug info on AC ocutlet ot ony locatien away frem your wsuol hounts,

A B T W & 4

By gdding thiz guick-dizcenmeck LG VAL powsT
oard Loowour base stabion scancer, you can teke |t
from place bo place witraut dragging Ellq:n;. L
sCErner's cumbersorme atiaches oozd,




Spike and surpa protection for bese seenners.
Satety L= Imporiant. Insadate all scposed leads of
the MOW's, Always unplug your scanmec foom lis
DO'wsT source Defore Terrdeing It froe ks ease sed
daing ary work irside; 110 V&0 can kill,

MOD-11 Protecting Your PRO-2004/2005 from
Voltoge Spikes & Surges
Also Other Scanners & Electronic Equipment

Flease realize thot your madern keybhoord progrommable sconner is o very
sophisticated packoge of computerized electronics, Maybe you take Its high technology
for granted, ond you don't stop to think that it is cemprised of thousands of
transisters ond other components that are set up so thot if even ene goes awry, ol
the rest of the companents will react so negotively thot the entire plece of equipment
could stop functioning. Did 1 say "thousands of tronsistors"? Yes, seme of these chips
In your sconner eoch centain hundreds of tronsistors.

Getting off the trock for a minute, the Allied Forces mayhe could have wen World
War II in half the time hod there been o PRO-2004 or PRO-2005 In the early 1940's.
And yet few who own modern sconners ever step ta think that only a few decodes
ago, such equiprment wos not even consldered a remote possibility wsing all of the
devices, components, resources, and engineering talent thot could be summoned.

And yet, I[f llghtning strikes just o bleck owoy, o wvoltoge surge could eosily be
Intraduced Inte the power lines. It could come sizzling down the power lines, right
inta the I[nnords of your electronlc MegaHertz inhaler, and hove a heorty lunch on
every fronsistor n sight. Unless you oare willing to go ocut and buy o replacement
sconner, you might just o5 well hove found yourself out of the sconning hobby while
alza be the proud owner of 3420 worth of newly-made large poperweight.

The frying of our scanners by voltoges surges caused by lightning is to be deplored
and discouroged. Saome with domoge caused by tronsmission line disturbonces, the arc
welding machine your neighbor owns, or even electromagnetic pulse (EMP) caused by
high altifude detonations of nuclear weapons.

Power utllity componles will normally supply clean, stoable, constont electrical
power through their lines, but frem their earliest doys they hawve discloimed any
liakility for what their power does to things. Oil componies did that, too. | meaon,
when o terrorist tosses a Maolotev Cocktoil, the victims can't sue the ocil company
becousze they mode the goscline. And the former con't get sved becouse he grew the
cotten thot wos made into the cocktoil's wick. You've really got fo leck out for
yourself these doys and while you get whot you poy for, sometimes you get o bit
FroTE,

That's why it poys toa shell out o few bucks to protect wyour sophisticated
electronics from those little extras that the power utility con’t alwoys contral ond for
which it isn't willingly going to occept the blome-- like high voltoge spikes thaot sneak
alang AT power lines looking for franszistorized snacks.
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Voltoge spikes aore coused by muny different things, including power companies.
Harely con you ever prove the source of the single ene that did in your eguipment.
Every time the washing mochlne's motar actlvetes, fer instance, there's a brief drop
in the AL woltage throughout your home. The drop s occompenied by shorter, but
sudden definite changes, high ond low, of the AT power wave. These changes ore in
the form of "spikes” of voltoge that (under eertoin conditiens) con be several thousand
valts, The time duration of these spikes is measured in microseconds (millienths of o
second) ond maost of the time, becouse of the short duration, they are relatively
harmless.

Sametimes, though, the right electricol conditions exist and something just guietly
goes on the blink. A TV set that warked flre on Tuesdoy, but when youw turn it on the
following day, nothing hoppens. Strange. And sfronger still that manufocturers of TV
sets don't deslgn surge protectien inte their products. Buy o  sophisticated
PEG-EUMIIDM‘. WETY 5u5c&p1‘ihl& I dnm-:’hﬂ: frl.‘:rr'l vrhh-ljg: Ul ges, aned ':,rl:.u.r'| assume thatb
the monufacturer would provide elementary protectlon. Mot so! Your expensive
scanner conteoins only very basic RF noise filtering where the AC power line voltage
feeds the DC power supply, ond thiz is most ineffectual ogoinst anything but RF, and
ona sometimes even wonders abouf thot!

Voltoge splkes in AC power lines con be coused by distant tronsmission line
switching, moybe even o state or two owoy where the power is generoted. Voltoge
spikes con be penerated by neorby or distont lightning strikes; orcing tronsformers,
woshing machines, dishwashers, industrial equipment, and a host of other things. Cne
interesting phenomena that is enough to score the hell out of you concerns Electro-
mognetic Pulse [EMP). It haos been postuloted that a single, high altitude nuclear
weopon detanated 150-miles gbove Kansos hos the petenticl fo domoeges oo destroy
communications ond electrically powered equipment throughout the continentol Wnited
States. How? MNaf by blast, heot, or rodiation!

Rathar, by the EMP that is generated ot the instont of Auclear flsslen! EMP s o
short tlme duratlon, widebond pulse wove eontalning rodio frequencies fram o few Hz
to araund 100 MHz. The energy content of this wave is extremely high ond It travels
at the speed of light, attenuating very little with distonce. Az the wave cuts through
or ocross metal conducters {like power lines, AC power cords, antennas, fences, guy
wiras, cooxial cobles, speoker wires, etc., it induces extremely high voltage:s in those
conductors similar to lightning surges. 5olid state equipment connot withstand such an
onslovght ond is destroyed. EMP ond its owesome destructive efforts have long been
studied by the gowvernment, military, ond electrical engineers.

EBecavse EMF resembles o lighning surge ond ather more common veltoge spikas, it
con be defended ogoingt. In Fact, much of our notlen's ruelear testing progrom singe
the 1950's has been oriented towards defense ogolnst muclear weopens an the theary
that unless you blew seme up you eon't figure out how to defend ogainst them. Two
affective defenses ogalnst EMP ond all kinds of voltoge =spikes are known to be
affective. They are easily obtolned end warth having.

The followlng Instructions for woltoge ond surge protection of scanners were
designed to be used with the Reolistie PRO-2004/2005, however the technigques and
components specified are readily odaptoble to ony electronic equipment that oparates
from 110 to 120 VAL, The diagrom is Figure 4-11-1., Refer to that diogeom ond Follow
thesa Instructions:

l. Procure three metol oxide weristors (MOY's) such as Rodio Shock Z74-548. MOY's
are made by o number of manufocturers. General Electric's #VIZ0LAZOE s
emminently suitoble for this procedure.

Generally, the MOV should activate ot obout 130 VAC ond be rated for 20 joules of
energy dissipotion, or greater.

2. Disconnect the scanner from the pewer source. Exomlne ond become familior
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Figure 4-11-1
Voltage Protection

Typical Installation

T-801
lin PRO-2004,/2005) &

110 YAC Pri

g m-FHJ

I\

SetondoTy T
Rectiflere &
0T Power

Supply

AT plug

Fuses not provided
n PR

M
Moin Power
Tromsformer

R-ga10
188 ohms
in PFRO-Z04./ 2005

Maotes - (See Text)

1. This procedurs {3 functionol Ter all radio ond eonsumer alectronics equipment if
powered by o step-down pawer tronsformer ond fed by 110 VAC @ &0 Hz.

A Use 3 meral oxlds varisroers (MOV] o shown (Rodio Shock #275-348 or General
Electric V130LAZ0B).

B. Imstall MCV's os shown, but don't medify the AC circultry In any ether manner.
C. Impeortant! Remove AC plug from wall receptocle hefore starting werk!

2, For maoximum safety and protection, install o ground wire from the rmetal case or
chossis te nearest brus sarth ground. Use ground reds or cold water plpes ar AC
eslectricol ground. Gravnd rads ore best,

3. Always he careful working with domgerovs AC voltoges. Mever hove ony circuit or
equipment plugged in te AC while you ore working on it unless you are specifically
instructed to do so for a brief test. ABC- Alwoys Be Carefull!
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with the inside chossis orea where the 110 YAC power cord enfers the sconner ond
connects ta the power transfermer (T-801) in the PRO-2004 or PRO-2005,

You will see that twe AC wires ge directly to the primary leads of the power
transfarrmer, T-801. On ene of the tronsformer primary leads, there is a 1.8 Megohm
registor {R-801] that 1s seldered to o nearby ground on the metal chossis.

d. Clip both leads of MOV #] os sort os pessible, but sa that it will still Fit to the
two primory leods of T-801 where the AC wires connect. Solder the MOV #1 to the
primary leeds of tronsformer T-801.

Mete: It is importont thot the fwo leads ocn MOV #1 be as short as possible, and not
bent, kinked, or curled, or coiled.

4. Solder ore leod of MOV #2 to one of the primary leods of T-801.
5. Solder one lecd of MOV #3 to the other primaory lead of T-801.

4. Approximately pesition MOV #2 and #3 from 5teps 4 ond 5, ond twist tagether
the two free leods oll the way up to the bodies of the MOW's. Liberally salder this
twisted common lead of MOV #2 and 113,

7. Raoute the twisted camman leed of MOV #2/43 to the nearsst metal chossis
ground, possibly where R-BO1 s grounded, or o similor chossis ground spet ond solder
it ta that ground spet. Be sure ta first scrape the metal af the potential selder spat
to clear owoy exide, finlsh, and ether surfoce contaminonts thot would prevent solder
from odhering.

8. Inspect your weork to maoke certoin that there ore no short-circuits ond unzofe
conditions. The expozed leods ond selder connections of oll the MOVY's shouvld be taped
of covered with sleeving or beot shrink tebing. This will apply te all ploces where
thera ore bore metol A conmections.

¥. Button the radia up and operate with cssuronce thot you hove o diph degree of
proftection against vc-lh:lge surges ond transients.

A Touch of Theary. A metal oxide varistor (MOV] is a device that does absalutely
nothing wntil its roted veltage is exceeded. The instont o voltoge surge or spike comes
in, the MOV senses it and turns inte o short circuit that shunts the dangerous veltage
away from the equipment being protectad. When the dangerous veltage hos possed, rhe
MOV stops being o short circuit and refurns to its normally possive status. Three
MOWV's are required to fully protect ogainst veltope surges associoted with power lines,
One MOV hooked up os MOV #1 above offers substontial (obout 80%) protection, but
two more as with the cose of MOWV's #2 ond #3 are required for maximum
pratection. The exoct some hookup opplies to all household electronic eguipment
powerad by 110 to 120 YAC,

The theary here is thot the tronsformer's primary is bypassed or shunted with MOV
#1 to ohsorb ony veltoge surge Impressed ocross the tronsformer windlng. MOV #2 will
shunt ony wvoltage surge on one AC line to chossis ground, while MOV #3 will do the
sarme for any veltege surge on the other AC line.

Other Forms/Types of Surge/Spike/Tronsient Protection. MOV's are one of the
surest ferms of protecting home electronic equipment from voltoge surges in the AC
power lines. One reoson for this 1z beeouse the MOV's are plaged inside the
eguipment. There are other types of protection, some good and some not, which ore
briefly discussed os follows:

1. The most common varlety of splke ond wvoltoge protectars are the kind you plug
infe o 110 VAC wall outlet. Yau rhen plug your equipment and opplionces inte one ar
more sockets provided on the protector. Raodle Shock offers o number of thase,
including 26-203, 26-13485, 246-1375, 124-1374, 61-Z187, 41-Z780, &41-2781, &1-Z78E,
61-2771, 41-2792, ond &1-2793.
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The well socket/multioutlet type of spike  guard is better  than nothing at all
ond 1s slmple to install and operate. There is o weakness, hewever, in that o lightning
strike or EMP caon induce o high voltoge in the AC line-cord betwesn the protector
and the eguipment being protected, In such am Instance, the protector is “wpstreem"
from the problem ond the equipment ond therefore probably ineffective. 5till, Ir
will probably be cffective for splkes attempting to orrive via the power malns.
Therefors, It is much better than nothing at all.

2. Some cperoters think that fuses offer odequote protection agalnst voltage surges.
Mo woy! Fuses ond circuit breackers are "heat dissipation" devless. This means that
they perferm their intended function only when heot bullds up to o certoin level. At
thot point, fuses belt ond circult breokers pop. The heot buildup that couses them to
do this tokes tlme, which is just what your sophisticoted electronic equipment hasn't
got a lot of when it comes te deallng with o veltage surge. A typicol voltage spike
with patentlal for domoge losts for less than one-millionth of o second, and then it is
gone leaving destruction in its oftermath. A fuse or circuit breoker requires tens of
thousands percent more time than that in which to operate, Even "guick acting” fuses
and circuit breckerz need more thon o tenth of a second to cperate. A tenth of o
second equals 100,000 millionths of a second, so you con see that by the Hme even the
fosrest fuse or elrcult breoker rescted It weuld be for past the time when It would be
of ony help ot all. Fuses ond circuit breokers are great for fire safety ond fer long
interval electrical disturbances, but not for shert term spikes ond surges.

3. You can achieve o mojor protection ogainst woltoge surpes ond spikes by coiling
up the excess AC line cords of your electronic equipment. Fasten the cail with a
rubber bond or wire-tie ond leove it honging out of sight, out of mind. Cailed wire
odds Inductonce ta the wire, and rhis will netobly impede short duration spikes ond
transients.

4. A gos-tube shunt is o form of surge suppressor thot operotes in o monner similar
to an MOQVY. However, these are brute-force devices and, in any event, they don't

respond o3 quickly os MOV's. They're virtvolly worthless on spikes ond surges of less
than o millisecond in duration, which gre the ames most often encountared.

A, Zener diedes can be useful as surge.."spike protectors, and ore offen used os such.
Zener diodes oren’t az long-lived nor os forgiving os MOW's, Remember, MOWY's reset
to the possive stote os soon os the surge posses. A zener diode can be damoged by the
surge. Alsa. zener diedes don't reoct as quickly os MOV's.

Get the idea, new? If yeu wvolue your communications and ather electronic
equipment, then you'll employ MOCV's and multioutlet surgefspike protectors wvery
liberally throught your home on your scanmners, communications receivers, computer,
TV's, VCR's, stereo, AM/FM toble rodiocs, test geaor, etc. | have ploced not less thaon
51 MOV's and four multloutlet surge protectors in strofegic use In my shop orea olone.
At the wvery least, put the three MOV's In your sconner sa that It hos o chonee of
surviving to be used when you might need It mast.

Coveats & Warnings. Proctically nothing known to man con survive direct hits by
lightning, or nuclear bonbs. All the protection in the waorld isn't going to de any good
for o direct hit by either. Close misses pretty much faoll into the same cotegary, toe,
although o near miss by lightning con possibly be survived if your egquipment is
propercly protected, The thing is thot destructive energy con enter electronic
equipment through ovenues ather than power cords, such os antenno cobles, and
microphone cables, externol speaker wires, tope recording cobles, ond thraugh just
abeut onything =lse that con be cennected to your rodio. Therefore, when you want
the ohsolute utmost In protection, the only woy is to disconnect evervthing from the
rodio and store it away in o grounded, shielded, metal centainer. In ony svent, the
MOV medification described above offers a high degree of protection anly fram
veltoge surges that enter through the AC power cords. Of course, surges enter thaf
way mere frequently that vio any ether route, so it's a good starting point.
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"5 meter cipcull board wirlng polnt Tor Lhe
PFRO-2004, Tre best Lap Tor the &G is located

rear of R-127, [rgksll the 10K resldor ed shown,

MOD-12 Providing An "5" Meter for Your
PRI-2004 & PRO-2005
Approoch #1

An "3" meter (signol strength meter) [s o most useful additien te the sconner thot
doesn't otherwize hove one, and mest sconners don't. An "3" meter provides on
indication of the relative strength of on incoming signal. If the signal i=s weak, the
meter indicoted o low rumber. If the signal is strong, the meter indicates a high
number. And there 1= o rongs In between.

For some resson, possibly os on ecenemy meosure, sconners hove not carme fhrovgh
with these devices. The ICOM R-7000 and the Yoesu FRG-7400 (which really aren't to
be clossed as sconmers) have them, and | think that pechops the eld JIL SX-£040
sconner had one. But, they don't maoke :zconners with them, and that Includes the
PRC-2004/2005. [t's relatively simple to provide these rodlos with on "§ meter,
prliw[ded you olready have or can obtain o digital voltmeter or o good quality analog
veltmeter,

The method provided below provides o jock on the reor of the rodio, which is
connected to the scanner’s Autamatic Goin Control [AGC) clrcults. A modern receiver
hos an AGC function thot can be cccessed eosily enough. The purpose of the AGC s
ta develop o wvoltoge that proportionol to the strength of the incoming sigraol. What
more could you ask for? The AGC is used ot strategic ploces lnside the sconner to
control the goin. This medification will route o somple of the AGC signal to a jack on
the rear of the rodio, ond then you connect o woltmeter to the jock for o "guick ond
dirty" meter thot gives you on indicotion of relotive signol strength.

The AGC voltoge with which we will be working in the PRO-2004/2005 runs in the
range of +0.130 VOC ot o zero signol level to -0.310 VDC at o maximum signal, for o
total ronge of obout 0.440 wolts—- net much, but encugh. A digital voltmeter is best to
wse hecouse then there will be several hundred points of resolution by which to
evoluate incoming signals. An onalog meter, to be effective, should hove o l-volt
scole with a liberol zero odjust. The modificotlon = easy, needs three parts, ond will
net harm ar interfere with the sconner whotsoever,

PRO-2004.

1. Disconnect sconner frem its power source. Install an "RCA phono plug” (Radie
Shock 274-344) on the reor chaszis of the sconner.

2. Install o 0.1 uF ceramic disc copocitor (Rodio Shack 272-135) from the center
fvg of the phaona jock to the grouvnd lug of the phenc jock.

3. Locate D-31 on the maoin sconner boord. It is In the appreximare center of the
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board, just inside the shielded comportment hoving o cover with 13 alignment holes.
Of course, you'll first have to pry that cover off. D-31 is clso locoted adjocent to
"TP-5",

4. Clip off all but 1/8" of cne lead of o 10K resistor (Radio Shock 271-034), Tin
that lead and solder it to the anode (+) of D-31.

3. Clip off all tut about 1/8" of the other leod of the 10K resistor ond sclder o
length of hookup wire ta it. Cover thet solder jolnt [and the resistor, if you like] with
haat shrink tublng or other Insuloting sleeving. Tuck the resistor down out of the woy
sa thot it cannot interfere later with the shield cowver.

#. Run the wire just scldered to the 10K resistor through one of the holes In the
shield cover that you removed in 5tep 3. Reploce the cover over the comporirment
from whence it came.

Mote: Insteod of running the wire through one of the hales In the metol cover, you
may wish ta cut o slot through the lp ond tep edge of rhe cover for wires to poss
through. That way, the cever can be removed without the wires hindering things.
There are other modifications that you might wont to do which will require wires into
ond owt of this compartment.

7+ Solder the free end of the hookup wire to the mew "RCA phono jock" instolled on
the rear in 3tep 1. The maodification is completed.

PRO-2003.
aame procedures for PRO-Z004 opply, except os follows--

. 5tep 31 Instead of D-31, locate D-33, which is locoted in the left-center arco of
the main receiver hoard, just to the left of T-4.

2, Step 4: Clip off oll but cbout 1/8" of one lead of a 10¥ resistor. Tin that leod
and solder it to rhe onode (=) of D-33.

3. Steps 3 and 4: There moy or may not be a shield cover to deal with.

Theory of Operation. The 10K resistor somples the AGC voltoge developed by [-31.
The reslstor olse lsolotes the receiver circuitry from anything that can hoppen outside
of the scanner. You ecould, fer lnstonce, occidentally shert-circwit the pheno jack
terminals and nothing bad will happen. The copaciter oets to filter out electrical noise
ond trash thaot might enter the rodia via the new phano jock. It alse helps stobilize
ey erratic AGC metering woltages ond give the operoter o wvisual indicotion aof
relotive signol strength.

“SUomiptar chassis wicing Tor the FRO-Z0M roouirss
an "RCA, fack® tluz e 0] 0F capacilor, some wire,
and a ground Jug.




The woltmeter will indicote slightly positive with +0.130 wolts when no signols are
presenf. It will swing negative to -0.31 wvolts when on exceptionally strong signaol is
present, Digital wvoltmeters have no difficulty with either polority. An  anaolog
voltmeters mustbe connected with the red [+) probe to chassis ground of the RCA jack
and the black [-) prebe te the center centact of the phone Jock. The amalog meter
should then be recallbroted te "0% when no signols are present. 3Signal octivity
thareafter will produce upscale meter Indicotlons.

MOD-13 Building on 5" Meter Circuit for Your
0-2004 ond PRO-2005
Approach #1

There are severanl methods of derlving an "&" meter far your seonner, mast no
better (and some worse) then Approoch #1 in MOD-12. However, here is on interesting
approach using a "receiver on a chip” ond a small handful of components. The new IC
hos an on-board "5" meter function, so you couldn®t hope for more.

1 hoven't tried this circuit, but it oppears legical and scund, so it's included hers
far the hardier and more adventureseme scamner hockers. Aetuelly, rhere's nothing fo
intimidate exeapt that you're goltg te hove te look beyond the corvenlent partols of
the mnedrest Rodie Shoek [m order te lecote the IC ond the meter. You'll hove ro pget
them af on alectronics dlatribufor.

This approach features internal circuitcy thet can't offect anything else, ond o jock
is provided on the rear chassis of the radie so on external meter con be connected.
The neat thing here is that this eircult oppears to offer o much wider voltage ronge
thon Approach #1 in MOD-12, so it should lend itself itself to wour wsing a real "5
meter salvoged from o junked CB rodic!

Table 34=13=1

PARTS LIST FOR S-METER (Approach #2)

CKT

SYMBOL DESCRIFTION RaDI0 SHACEK #
F-1 1.5-k phmz, '/z=-Watl 271-025
R-Z 15@-ohms; */=—watt 271-813
R-3,4 1A=k phms; /a-watt 271-834
YR-1 %=k mhm trimmer potentiometer 271-217
e | &=50pF trimmer capacitor ??2’1343
C-24,5 BBl —uF ceramic disk capacitor 27T2-1256
C-%,4,8, LBi-uF; ceramic disk capacitor Z272-131
C—&,7 4,7-uF; electrolytic capacitor 272-10249
C—-%,18 18-uF; electrolytic capacitor _ 272-1025
IC-1 HEL197, ECE1214 or NTEL214 integrated circuit hNote 1
IC-2 780% Voltage Regulator 27&—1773
J-1 RCA phono jack 274-Z35
P=1 RCA phono plug 27T4-339
F=1 analog meter movement, Z0@—wA full scale Mote 2
NOTES: 1) Obtain IC-1 and M-1 at local electronics distributor

2)

M=1 can be a "real S5-meter" salvaged from an old CP radio
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Figure 4-13-1
"g" Meter for PRO-2004/5
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Motas - {Sea Text] =

1. This circuit for sconners with 435 kHz lost LF. stage,

2. The DC wvaltege eutput at -1 is proportional to the strength of recelved signals.
Anmy DC voltmeter can be used in liew of M-1, VR-1 & P-1 externcl metering

clrculf,

3. Imput waltege (455 kHz) is critical. A 4.7 pF copacitor may be required In serles
with C-1.

4, Adjust VR-T for meaximum meter indicotion desired with o wery strong signol
recaivad.
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PRO-Z004,

1. Review Figure £-13-1, which is the wiring diogrom. Alsa Table 4-13-1, which Iz
the list of ports required for the project. Construct the circuit on o piece of "perf
baord" or design your own printed circuit board. Follow the wiring diagram explicitly,
and da nat guestion the pinout arrangement orrangement of the [C chip. Certain pins
aré wired unconventionally on purpose.

2. Diseonnect the scanner from its power source. Physicolly instoll the "§" meter
boord inside the rodio in the lacatlon of your chelce. Be sure o cormect the ground
strip on the board te metal chossis ground of the rodio or o circuit board ground
peoint.

3. Connect Point "AY with hookup wire to the exposed leg of R-E35. This supplies
+14 ¥DC to the voltoge regulater on the "5" meter board. R-235 Is locoted In the left
center area of the moin receiver board and just to the left of connectar CH-5.

4. Pry off the metal cover thot has 13 holes in its top. Locate TP-5, which iz the
eothade af D-31. TP-5 is lecated in the center orea of the main recciver boord, just
inside the shielded comportment.

3. Salder ore leg of C-1 (from the new circwit's Parts List) directly ta TFP-5.

8. Selder e length ef hookup wire o mini-coax to the fres leg of C-1 peeviously
connected ta TP-5.

Mote: It Is preferable ta use mini-coox sueh oz RG-174 or at lesst some smaoll,
shielded microphone coble as the "wire" colled for in Steps 6 and 7. If you must, a
hookup wire will de, but it should be os short as pessible. If vou use mini-coax, be
sura ta ground the shield ot both ends.

7. Solder the free end of the wire connected in Step & to Pin 2 of 1C-1 on the new
3" meter hoord.

8. Instoll your mew (or solvaged) "5% meter In o neot metal or plosic cose, along
with o pateh coble and plug ta mateh J-1. Mote that VR-1 goes inside the cose of the
bowx.

Helpful Hint: You con use a digital veltmeter or on onaleg veltmeter, but an
"actual” "3" meter weuld be ideal. Try te beg one frem o shop that repairs OB radies,
or offer te buy ane of the dozens of junked CB chaossis they probobly hove in the bock
raam el boasement.

¥. Plug the "5" meter cable inte J-1 on the rear of the sconner.
10. Power-up the scanner ond zet to on unused chonnel (no zignals present).

11. Adjust C-1 so that the meter indication is close to "0" {zero). If this i=n't
possible, then again disconnect the scanner from itz power source and remove the
"wire" [steps & and 7) from the output side of C-1, and solder one leg of a 4.7 pF
ceromic disc copocitor {Radic Shack 272-120) to the ocutpuet leg of C-1. Then resalder
the "wire" to the free end of the 4.7 pF copocitor. This reduces the coupling
capacitance of C-1, which even at the minimum poesition, might be ton much.
Power-up ogaln ond readjust -1 for a close-to-zero reading.

12. 5Set the scanner to receive a krown strong station, preferchbly the stronger the
batter (but only one using MFM-- nat WFM-- mode). Adjust WRE-1 in
the meter cose for a full-seale {maximum) mater reoding.

13. With VR-1 adjusted for strong signals, you may hove to ge bock ond repeat Step
11 to re-zera the meter for no-signal conditions. This could necessitate o fouching up
of WYE-1 oz the odjustments could interoct with one another. Two or threos repoats
should suffice.
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PRO-2005 only.

The foregoing PRO-2004 procedure iz valid fer the PROC-2005 with the tollowing
excaphions:

1. Connect FPoint "A" with hookup wire to either leg of R-227. This peint suppliss
+12 VDC to 14 VDC to the 7805 voltage regulator on the "5" meter boord, R-227 Is
located in the front-left area of the maoin receiver boord just in front of connector
CM-8.

2. Solder one leg of C-1 (fram the "S" meter Parts List] directly to the cothode of
b-33.

3. Solder a length of hookup wire or mini-coax to the free leg of C-1 previously
connected to D-33.

MOD-14 Interfocing 0 Communications Recsiver te Your
PRO-2004, PRO-2005, or Orher Sconmer

Tha PRO-2004/2005 scanners are fine in many, many respects, but simply stoted,
they come up shy of operating features when compored with whaot yau get when you
buy o shorrwave communications recelver. 1f you're a person wha spent fome time
using o communications recelver, you'll natlee these shartcamings right away. ('L
illystrate by offering an outline of some of the deficlencies noted in the 2004/2005
chossis:

I. It locks o "fine tune" feature far centering off-frequency signals, or for
atherwise precision tuning. The best you con get in the waoy of precision tuning on the
PRO-2004/2005 is the 5 kHz step rote in the “search" mode. This will allow fine
tuning to moybe 2.5 kHz, but cectoinly ne closer than that!  In the “program” mode,
you con enter freguencies In certoin bonds for o preclsion of 2.5 kHz, bul ne closer.
This is not o major liobility for the cosual listenser, especlolly slnce nothing shert of
the ICOM IC-R-7000 ond Yoesu FRG-7400 class of receivers offers the chility ta
fine-tune signols. But read-on, becouse ohility ta "fine tune" Implies a degree of
selectivity thot the PRC-2004 and most other scanners don't hava,

2. The PRO-2004 is not o highly selective receiver, with published specs of -50 4B
@ +15 te 18 kHz. For the FM bonds above 30 MHz, this isn't too terrible, which is
why the inaobility to "fine tune" lsn't Importont te the cosval listener. If you can
ii 1l n H] = " 7
seorch” or "progrom® to within +35 kHz, rhat is plenty close encugh, ond (for most
signals) your ears will never krow the difference. If you're o purist, er if you want 1o
use your 5400 scanner like o 52,000 lob instrument, then the inohility to fine fune is
strictly bush league.

thortwave interfece wiring citoat wiring i Bhe
FRI-2004 calis for same mind-coas,




455 kHz OUT

VIA BNC
an thes pear chassiz of the PRO-20045, @ BRE jack
iz iEes Lo foed The 455 kier IF zlgral tooThe
corerinicakinrs receiver.

Do you already, or would you llke to use your PRG-2004 for frequencies below 30
MHzF Try scanning the CB or even the 10-meter Amofeur bond te see what | mean.
Program in 27.025 MHz (CB Channel 4} and you'll also hear 27.015 and 27.035 MH=z
(Chonnels 5 and 7} at the same time. Not goed, especially if you wont to reliobly use
the "search" feature to keep up with the aoction on adjocent chonnels! One mitigoting
factor is that Realistic brand scanners have a nifty little circuit they call “Zeromatic"
that activates in the “search” modes to seck the precise center freguencies before it
locks on, "Leromaotic” doesn't do onything in fhe “scon" or "monual” medes, however,

The selectivity of the PRO-2004 chassis Is determined largely by the scanner's 3cd
[F filter, CF-2, which 1z o Muroto-Erie CFW4550 ceromic filter. It is especially
designed to be wide-bonded and not very selactive becouse FM tronsmitter toleronces
are for o bygore era. In other words, lofs of the commercial eguipment we monitor
has rother sloppy frequency teleronce and even losser FM moduletion specs. If the
monifer receiver hod a more selective IF filter, some of the stotions yow listen to
wouldn't sound so good. There is o case, however, to be mods for selectivity when
tied to fine funing copaobilities for o receiver, ond it's teo bad that the PRO-Z004
lacks in thot deportment-- sa far.

3. Mow, here's o major Hobility of the PRO-2004: reception of single sideband (S5B)
sighols iz wirtually impossible. You zoy that there iz no 558 activity on VHF and UHF,
sa why would a scanner need an 53B cobability? Well, CB channels {especially 27.345
ta 27405 MHz) hove lots of 558 activity. You con olso heor it on the hom bonds
(listen 50.20 MHz, 144.2 to 144.3 MHz, ?03.1 MHz, ond 12%4.1 MHz). It's been noted
ot times in wse for oirfground telephone colls in the 847 to B51, 874 to 894, BF? ta
P01, ond 744 to 744 MHz bonds. Also, industry hos been pushing for ACSE (amplitude
Compandered Single Sldebond) for several yeors mow. The FCC has recently authorized
the ACSE mode for use on the new |.2-merer commerclal bond ot 220 MHz. [H's anly
a motter of time hefore 558 bhacomes rother commen In the sconner boands. FM ds
actually the least effective of the three common modes of veoice communication (558,
AM, and FM). S5B is the most effective. Watch for it fo come.

Meanwhile, CTB ond the 28 and 50 MHz hom bonds are filled with 35B signals that
you can't prg:u:nl‘]:,r ks l::n}r‘l'hi.nu cult of an your PRO-2004.

4, The PRO-2004 locks other feotures thot are conzidered stondord by professionals
omd serious hobbyists. For the soke of brevity, these ore Itemized os Follows:

A, Mo "5" meter.

B. Mo switchable Moise Blonker or Autormmatic Moise Limiter (AMNLL
., Mo gudie tore contral.

L. Mo user-selectable "selectivity" or bondwidth controls.

E. Na clock, tHimer or alarm functlons.

F. Many, mony mores tes numerous to st here.
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fac. the "&*:matsr.

But mow, let's get on with adding seme or oll of the missing functions ond features.
All you need ore o few commen compenents, some basic hondtools, o hark of

minloture coax or shielded coblsy, o coax pateh coble, ond a communications receiver
that con tune to 433 kHz.

Communicotions receiver? Well, yes. We ore going te interfoce a shortwave
communications receiver ond all of its deluxe functions with the PRO-Z004 to obtain
the best of the twe worlds for YHFE/UHF scanning! The medification is very, very
simple and it doesn't in ony way negotively impoct upon the perfoermaonce, wtility, or
pesthetles of the PRO-2004. In foct, once the modification 1s performed, It s
transporent to the user ond will never get in the woy or become o llability, even If it
is rarely used.

Technically speoking, we are going to provide a row, unprocessed IF szignal from the
scanner's 3rd IF stage (which aperotes ot 455 kHz), to o jock on the rear of the
chassis. A short cooxiol cable will route this 455 kHz IF signol to  your
communicotions receiver which will toke signol processing for past the point
where the FPRO-I004 stops. Provided thot your communications receiver itself haos the
capabilities, you will reclize the following "new" features for your YHF/UHF sconning
capability:

User swirchable wide/norrow selectivity.

Fine tuning cobobllity ta +0 Hz, more or less.

35B reception copabllity.

"3" meter for readlng relotive signal strength.

Cleck, timar, and alarm functions.

Audio (zound) rone contraol.

MNoise Blanker ond Autormotic Noise Limiter.

8. Maybe much more, depending upon the feotures of your eammunlecatians receiver.

d O bR P L P —

Much of the wvolue of this modificotion is centlngent upon your shortwaove
communications receiver's ability to raceive FM signals. Seme sets (like the Kenwoad
R-2000, for instance) have this copability, but if the sef you have doesn't hove this
capability, then the maod may nat be worth deing. On the other hand, if you scon or
search the 25 to 30 MHz band te ony extent, then it will be voluable regardless of
whather or met your sherfwave receiver hos on FM copability. Mest of the octivity
between 25 ond 30 MHz is AM ond 55B, with very little FM ta be heard.

The modificatlen is in twe porrs: (1) Perform simple internol work to the PRO-2004
or PRO-2005, and (21} Moke o cooxiol jumper coble with a BMC connector ot one end
on one end ond o PL-Z59 plug en the ather end. If you don't hove some of the needed
materials in your Junk box, then the required parts might cost obout 311 or so.
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PRO-2005 Mote: 5ee the end of this medificotion procedure for exceptions ond
differences thot pertain to the PRO-2003.

PRO-2004 Modificaticn.

1. Moke o jumper coble using RG-58 coox with o BNC connector on one end and a
PL-23¥ plug on the other end. Maoke the cable os long os you need, but not much
longer thon necessary.

2. Disconnect the scanner from its power source, then remove the case of the
PRO-2004, Drill o 3/8" hole in the rear chassis, just above of neor the "Ext Spkr
jock. Install the BNC female chassis jock here.

3. Looking down on to the top of the sconner's maoin circuit board, locate Test
Point 5 (TP-5) inside the PROC-Z004,

Mote: First, remove the top shield of the "square" inner enclosure In the center

Table 4=14-1

PARTE LIST FOR SHORTWAVE INTERFACE INSIDE THE GSCAMMER

AN Description Radioc Shack #

1 ea BNC female chassis jack, Z7E-185
I =a B.81—uF ceramic disk capacitor ar2=131
1 ea 18=k ohm resistor, 178 watt; Z71=1335
g" mini coax or other shielded cable. Type RGE=174

is preferred, but Radio S5hack doesn't carry it.
Y¥ou can use Radio Shack s #278-752 if vou can’'t beg

or borrow some RE=174.

Table 4-14-2

FARTE LIST FOR JUMPER CABLE

1 ea UG-B88 male BMC connector: 278-103
1 ea FL=-25% plugi L78-205
misc Length of RG-5B coax cable: 278=1325&

twhatewver length you need to patch the PRO-Z20@04
to vour shortwave receiver, typically 2-4 ft.
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Figure 4-14-1
SW Receiver Interface
to The PRO-2004 & PRO-2005

Add these:
[\
i Shark
T e o S AR L) _ciikila
s T ik SwEg Pt

W ontenno #2

Illl,.r"

(—5 Spare or onother oatenna
]

o
Typical
Shact \ Antenmo
Partch Swirch
Coble
i S

W recaiver's

onterna jock -

Shortwove Communicotions
Racaiver hmed o 455 kHz

AM, FM, USH, ar L5B

Motes - (See Text)

1. This interfoce allows reception of single sideband (55B} and other signols picked up
by the sconner. The shortwowe communications receiver odds signal processing
and enhancements thot scanners don't hove, such os: 558, AM wide/narrow select-

ivity, fine tuning, noise limiter/nolse blonklng, "5" meter, audio tone control, and
much more.

2. Both the scanner and shortwove receiver can still be vsed nermally, tee.
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area of the scanmer, the ome with 13 holes in the tep. There are only two innar
enclosures, one is in the right-rear corner as you foce the front of the sconner looking
down. The other iz in the center area of the sconner. Remove the "lid" or top of this
center orea enclosure by prying alang the edges with o small screwdriver,

TP-3 is located near the exoct center of the main printed circuit board as you look
down frem above. It is octually the cothade of D-31, but o special "post" that looks
like an unbanded resister is provided os TP-5 is just ta the right of D-31.

4, Trim off all but about 3/148" of the leod from bath ends of the 10K ohm resistor
shown on our Ports List, ond solder one end to TP-5.

3. Trim off all but about 3/18" of the leods on the 0.01 uF copacitor and solder ane
leg to the free leg of the 10K resistar,

é. dolder the center wire of the mini coax ta the free end of the 0.01 wF copacitor.

7. Solder the shield of the mini coox to the nearby inner wall of the internal metal
enclosure fram which you pried off the lid in Step 3.

B. Solder the center lead of the other end of the mini coox to the center lug of the
BMC femole chassls jock which was installed in Step 2, obove.

?. Solder ar bolt the shield af the minl coox ta the rear chassis Aear the BMNC
fernale chassis jock.

MNote: A 3/B8" i.d. solder lug for this purpose can be slipped over the BMC female
chossis jock before tightening the nut, Or, you con wrap a solid wire around the
threads of the BMC chassls jock before tightening the nut. Leave o bit of the wire
hanglng aut te which the coux shield con be soldered.

10. Mote where the minl coox cames out af the tap of the [nner meral enclasure.
You con't reploce the lid now, nar until a slot is cut into the lid to cccomodate the
minl coax. Use o nlbbllng tool te cut away the edge of rhe lid te make on exlt slat
for the mini coox. If o nibbling toel isn't available, a diogonal-cutting pliers will
work-- so will a pair of madium ta heavy duty scissors, but waotch thot you don't cut a
slot in your fingers in the process. The lid to be cut isn't very stout or thick.

11. Replace the lid of the inner metol enclosure, being coreful met te pineh ar eut
the mini codax.

12, Temperarily energlze the scanner and (carefully) perferm basic tests te confirm
that you've done everythlng correctly. Then, ogaln disconnect the sconner from its
power source os you reploce the outer case ond restore the PRO-2004 to its normal
aperating location.

13. Connect the BMC end of the new potch cable to the new BNC female connrectar
on the reor of the PRO-2004. Connect the PL-237 plug end of the potch cable te the

antenna port of your shortwove communicotions receiver.

14, Tune the shortwaove receiver to 455 kHz, ond tune the PRO-2004 to a VHF ar
LIHF station {don't use on B8 te 108 MHz FM broadeast sigrlr.:ll:l.

15. VWary the controls of the shortwove receiver to fomiliorize yourself with the
newly found feotures ond caopabilities. Set the shortwave receiver te FM meds far
normal scanner receptlon. For 558 receptlon, set the mode to either L5B or USE [as

opprapriate) and odjust the receiver tuning (clorify) for clear copy.

14, Vory the selectivity controls en the shortwove receiver ta realize the benefits
of fine tuning YHF and UHF signals frem the PRO-2004,

Summary ond Comments. Mow [t's done. You've just integroted twe fine rodios inte
ane  potent-performanee  pockoge. Whaot's more, you con still use eoch radie
independently of the other, as desired. Yet, when you need them, you'll have the
powerful features of both for your PRO-2004,
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For simpler operotion when you need the integrated pockoge, it will be convenient
e bse m cooxiol ontenna switch to select among your shortwave ontennaols) er the
PRO-2004. For example, you con connect one or mare shorfwave anfennos o the
switeh, and connect a potch coble from the Z004 to & pasition on the switch just as If
It were on antenna. Then, selact ony input you went, Le., onternosz or the 2004, Refer
te Figure 4-14-1 for o typicol interconnectien dingram.

The output signal from the PRO-2004 will olwoys and only be 455 kHz, plus er
minus o few kHz (depending upon frequency errors in the transmitter you are
monitoring). 5o your shertwave receiver must always be tuned to or near 455 kHz
while you're feeding in signols from the sconner. If the sconner is monitoring an FM
signal [which will be for mest VHE/UHF comms), the shortwove receiver must be sel
ta FM. If the signol is AM or 558, the shortwave receiver's mode should be sef
accordingly. Don't forget the eeronoutical cormms In the 118 to 137 MHz ond 225 to
400 MHz bands are in AM made,

Mote: There [s one mode of operation in the PRO-2004 where this neot little
medifleatlen lsn't gelng ro werk, and thot's when the PRO-2004 is set to WFM [wide
FM} mode, like when you're tuned te B8-108 MHz FM broadcosting stations. In this
single instance, the PRO-2004 doesn't use the 435 kHz Jid IF sectlon. Instead, It hos
another circuit dedicated solely to WFM. Mo big deal, you prebobly don't have o lot of
use for the benefits of o communicaotions receiver while you're llstening fo an FM
broodcosting station, anywaoy.

Differences to Hote for The PRO-2005:

1. Whersver "TP-5" |5 mentioned for the PRO-Z2004, substitute "cathede {-] leg of
0-33." There is no "TP-5" in the PRO-2005, but the cathode of [-33 performs the

same function as D-31 in the PRO-2004.

2. The PRO-2005 employs different shields, comportments and covers from those
discussed for the PRO-Z004, but the principles remain the same.

Other Scomners. The process s simple. Determine the lost LF. frequency used by
your scamner. Chonces ore thot it will be 10.7 or 10.8 MHz. Identify and locote the
"Detector” stage of your sconmer, as it will be fed by thizs last I[F frequency. Then,
follow the safety, generol connection, ond interconnection instructions given fer the
PRO-Z004/2005. Specifically, you will tap o sample (via o 10K resistor ond o 0.01 uf
capaciter in series) of the last IF stoge's signal before the detector stoge, and route it
to o jock on your sconner. Connect o coax patch coble between thot jock ond o
shortwove recelver ta 10.7 MHz (or whatever the IF frequency Is far your sconner).
Your shartwove receiver will row process that signal when yau ture it o that IF
freguency, odding Its own unigue capabllitles.

MOD-15 100 Extra Progrommable Chonnels for
The Realistic PRO-2004

The PRO-Z004 wos a legend in its own time with its 300 progrommoble chonnels;
no sconner with that mony ehonnels hod ever streoked across the monitoring sky. But
this fine sconner waos hordly eut on the morker when a number of clever hackers
simultaneously discovered that it was actually a 400 chonnel scanner in disguise. The
microprecessor (CPU) chip wos configured ond progrommed to oddress and process oll
400 chonnels, but o block of 100 of those chennels was omitted by the absence of o
single critical diods.

That's righr! All you need do ls selder in o 10¢ siliean switehing disde (ke o TN7 14
or IM4148-- Rodio Shock 2746-1122) ond your PRO-2004 will wvirtuolly become o
FRC-2005! Your PRO-2004 will haove 400 chonnels ovaolloble in ten bonks of
40-channels eoch ond everything will function normaolly with no drowbocks or
limitotions whotsaever. The LOD display ond the keyboord will function in oll respects
g3 If the 400 channels were designed In there by the factery (which they were)! Here's
oll you have ta do to recopture thoze hidden 100 additional chonnels:
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find & point the way to the D-510 slob whare woud
will Iretall ar roxpersive diode.

L AED 2 qd ¥y

i a Lol e M

1. Turrn the sconner off and disconnect it from its power source.

2. Remove the caose of the PRO-2004: locate the CPU compartment, which is PC-3
on the bottom side of the sconner. Pry off the metal cover of PC-3.

3. Fird the row of diodes ghout 2" to the left of the 44-pin CPU chip. At the top
af thot row of dicdes ond just to the left of IC-504 will be two dicdes marked "D-512"
ang "D-313". Between them will be two unmorked empty solder pads. These would be
for D-513 ond D-514, Just obove D-312 are twe more unmarked, emply solder pods.
These agre for D-510 and D-511, respectively, with the spet for D-510 at the very heod
af the row.

Observing the some polarity as oll of the other diades installed In that row, sclder
a IN#14 ar 1N414B diode to the spot for D-510. Make certain that the onede [+) goes
to the left spot and the cathade [-) to the right spot.

Helpful Hint: It isn't necessary te remowve PC-3 from the main chasszis. D-510 can
be saldered in from the top by placing o leg of the diade on the proper pod and then
heoting the pad with the soldering iron until the dicde lead melts into the pod. Do the
same for the other leod of the diode. It would help to presolder the twe pads first
bafare doing this.

That's it! Your PRO-2004 iz now essentiolly a PRO-2005,

MOD-14 6,400 Progromemable Channels for
The Redlistic PRO-2004 and PRO-2005
And Moybe Other Sconners, Too!

Attention: Realistic PRO-Z004 ond PRO-2005 (ond maoybe other) scanner owners.
Have you already filled up your 300 or 400 pragremmoble scon channels? Are your ren
seorch bonds filled to copociry? When yeu're snooping around in the search or direct
medes, do the meager ten "moniter” channel slots cromp your style? Interested? Well,
eonsider the following fantosy--

Progrommoble Memoty 3con  channels: &400 in 14 switchable blocs of 400
chonnels per blac.
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The & 400 channel Extended Memory Board's wiclng plan,
tabtam wiew. Tonslzoctlan wlli be the same Too ali aets,
only toe actual wicing paints Tor the speclflc radio will
wary, Mote how the wites are brooght thoough the "corf
board" and De~t oefors soldering ke bhe ples of tha chip.
Tris prevants shorted pirs and bodken wiles.

Pragrammable Seorch hands: 140, In 18 switchable bloes of 10
search bonds per bloc.

Temperary storage channels for fregs. 140, in 18 switchable blocs of 10

found in seorch/direct modes channels per blec.

Mmeoniter” channels):

Fontasies con come tree. This zection shows you in detail how you con add 4,000
programmable chanrels, 150 programmeoble seorch bonds, and 130 more moeniteor
chanmels to your Realistic PRO-2004, Since the newer PRO-Z005 is olmast identical,
from on slectrical standpeint, to the PRO-2004, the medification will work for if, roo.

Other Sconner Owners: This exciting modification can be cdapted to other models
of scanners thot wse an B-bit stafic random access memory chip (SRAM] for dota and
channel storoge. Yeou could wind up with more or less than 8,400 channels, depending.

Rorely in the severol decades I've been involved in communications engineering and
technology have I been as enthusiostic about o retrofit pecformence modification as
the one being presented here. During my yeors in communications, I've been invalved
in mony focets, from Amateur and CB ta sotellites. Along the way, 1 hove
encountered or developed o fair number of exciting medifications to consumer

electronics eguipment, but putting 6,400 progrommable memory chonnels into the
FRO-2004 ond PRO-2005 ronks up thare ameng the best.

If you do the work and ocquire the components yourself, and If you have an
electronics junk box ond o bosic ossortment of electronics hond tools ond supplies,
figure the cosh outlay for this modificotion to be between about 3235 and 550, Even if
you start from near seroteh with no toals or supplies, the cost could be less thon
100, If you don't want to pecform the “shirtzleeve" work, toke this boolk mnd your
PRO-2004/2005 to ony communications shop that works on sconners and  the
technician there will probably do it for you. Of course, that will cost more, but the
vast expanded memeory should odd an infrinsic valee of 5200-3300 to your scanner!

WHO con perfarm this memoery modificatian? After having dane It ond poinsrakingly
identifying all the reqguired steps, ['ll soy thot anybady who possesses basic electronic
knowledge, basic soldering and hand tool skills, and o good meosure of potience and
thoroughness is capoble of daing the job with suceess. The details ln o step-by-step
procedurcl formot ore given, and if you can follow directions and employ a bit of
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mechanical creativity, you'll be OE, Follow the directions explicitly omd it's unlikealy
thot ony serious errer or uwnpleosant surprises will occur. | maode several potentially
serious errors In rhe ressarch/revision of this modification with no actuol 11l effects
other than lost time. Decide for wourself what wour caopabilities and interests are. If
you decide it's a "must hove" maodification, but is more ambitious thon you wont to
attempt on your own, ond there's nobody in your orec you'll entrust the job to, oll is
nat lost, See "If You Con't Do The Modifications Yaurself" af the end of this choprer.

Wha needs 4,400 chonnel: and all the rest of the benefirs of this modification? You
do, if you're o sericus scanner buff or if vou are more than casuvolly inferested in your
PRO-2004/2005, We all tend ta moke decisions bosed upon what we hove to work with,
If your sconner has 20 channels, then thot's how mory chonnals you'll maoke da with, [f
wours has 400 channels, then you'll live within thase limits. When you hove 6,400
chonnels, you'll probobly never exhoust them all— but your enjoyment ond knowledge
of scenning ond monitoring will ke profoundly expondad.

5o, why would you want thousonds of memary ehannels, seads of search banks, ere.?
One reason would be to minimize the drudgery and effort that it tokes to seriously
pursue monitoring. The copacity to store aoll of the many configurations of scon
chonnels and search bands instead of either forgetting ar writing them down an scrops
of poper that ore ssen lest 15 on exomple of what [ meon. Alss, conslder that the
monitoring spectrum of inferest lies between 25 and 1300 MHz. That means thot there
ore neacly 200,000 chamnels or frequencies of potentiol inferest to you. There's no
simpla woy ta keep trock on more thon o hundred or so. This (s one recson why
scanner memory bonks started out ot B, then went to 14 ond 20, to 50, then to well
gver 200 in the past few years. In my own cose, 1 use o computer to manoge o dotao
base of more thon 2,500 frequencies used in San Diege County. When it come to
scanning those frequencies, however, [ had problems. Here's what 1 mean:

Imagire entering 400 chonnols of one time inta your sconner; then moenitar far o
while; erose them; ond repeat the enties cycle six more fimes, MNow, Imagine this
process toklng ploce regulorly. Obwviously, you'd hardly get any sconning done, because
it it take: the better part of an hour just to enter ond configure 400 channels, not to
menticn 2,300 or more! 5a, most af us "sxpercts” confine our scorning oetivities to o
select few essenfial chonnels thot con be effectively monitored. We tend fo leove out
marginal frequencies becouse of the work ond drudgery meeded to get involved in the
greofer spectrum.
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= The &,400 crannet EMB, fretelied wiew. Sote the cuksut
iy tra cover of the CFU compartment b2 peemit tha shield
caver be be replaced,

Mow, however, with 4,400 scon chonnels, | hove everything [ could possibly wont
right at my fingertips. Poperwork is reduced, I don't have to keep erasing chonnels to
program in chonnels of interest [ wos missing, and [ sHll hove loods of empty chonnels
te graw Inta. If yeu con't see the potentlals far bavimg o sconner thaot con deal with
6,400 chanrels, then you might wish te refresh your memory of Aessop's foble of the
Fox and The Sour Gropes-- ond then get down to this medification!

The PRO-2004 come from stock with 300 programmable channels, 10 ssarch bands,
and 10 monitor channels. As noted in MOD-15, enthusiosts soon realized that [t could
be exponded out to o 400 channel memory with the mere installotion of a cheaop
switching dicde. The rewer PRO-2005 is procticolly o replice of the PRO-2004 with
that some dlode Installed by the Foctery, plus some oesthetlc redesign ond a different
madel number. The electrenics inside the PRO-2005 ore physicolly different with o
redesigned printed circuit boord (PCB) ond o greater profusion of Surfoce Mount
Technelogy [SMT) components. “et, in the final anolysis, the electronic design ef the
FRO-2005 is procticolly identicol te the PRO-I004, This sectlon is written expressly
for the PRO-2004, byt notes ond suggestions are made for the PRO-2005. The major
differences between the twe are only mechanical or physleal, ond net electrical.

If you hove an unmodified PRO-2004/2005, vou may wont to perform some or all of
the other modifications in this book before you perform MOD-14. Be sure to get o
Service Manual [See Table 4-14-3). You must hove the Service Morwaol bath fer
raference o5 we go aolong os well os to ossist you in debugging or resolving any
problems after you've done the modification.

Credit & Acknowledgements. Credit ond honcroble mention most oppropriotely ge
to Terry VYaoura, who apparently did the first version of this medification. David Jones,
did some revisions to Mr. Voura's version. Still, both versions locked essential detail
ond were apporently intended for odvanced hackers, technicians, ond englreers. [ have
peviewed these eorller warks, gome inte greater detaoll, ond odded a few new rwists
ond kinks of my own to moke this memory modification more feosable for nearly
EVaryone.

Theory of The Modificotion. The PRO-2004 empleys o surface maunt 2K x B Sratle
Random Access Memary (SRAM) chip (14K for storage of Progrommable Channels,
"Search" bands and "Maniter” chonnels, together with the vorious modes [AM, NFM,
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WFM}, "Search” increments (5 12.5, and 30 kHz), and "Leckout" chonnels. The stock
24-pin memaory chip has the clreult syrmbeol "IC-304" gnd is either o TCS317CF-20 or
uPD44LG-45, The IZ2-504 is lacated Inside the CPU madule (PC-3) and will be removed
ond reploced by o 32K x B 5RAM [I54K} chip in o DIP pockoge with 28 pins. The
stock IC-504 [s o surfoce mount type so there §s no requirement or speciol need to
remova the CPU module from the chassis. All wark eon be dane after disconnscting
the sconner frem its power source, removing the maoin cose of the scanner, and prying
aff the metal cover of PC-3. IC-504 will be reploced by the new 258K chip which will
be instolled on o smaoll "port board" ond hord wired, proctically pin-for-ping to where
[C-504 wos removed. The perf boord helds four reszistors; one copacitor; the new
fﬂzgr‘lﬂir}r chip; IB wires, ond will be mounted outside of ond odjocent to the CPU
module,

The static RAM chlp ond the CPU chip work togsther hond-ln-hand te moke the
scanner function the way you know the unit. The CPU chip Iz unique ond connot be
modified or exchonged, but the static memory chip iz stondord generic ond will be
subskituted with one hoving for greoter copocity. The stock 146K memory chip hos 11
“oddress" pins which the CPU is designed to query ond gate (AD-AIQ)L The new
memory chip hos 15 oddress pins [(AQ-AT4). The TPU will work as mormaol with the
first 11 oddresses of the rew memory chip (400-ch.,, ete.l. The CPU hos
preprogrommed ROM, which neither this ner any modificotion eon olter, so external
switching iz required to occess the other four oddress pins for 13 additienal
400-channel memory blocs. A four-segment DIP switch will be mounted oa the front
or top panel of the PRO-Z004 to permit external selection or switching of the
odditional four oddresses to yield o total of 14 blocs of 400 channels each. In o nut-
shell, that's it. The med iz more time consuming thon technical.

PRO=-20053: The PRO-Z20053"s 5RAM memory chip has the circuit symbol "TC-315" and
Is Identical otherwise in all respects to [C-304 in the PRO-2004. It may be either o
TCSSIFCF-20 or on LCISITEM-15 The [C-303 iz located on the PRO-2005's CPU
board, also known os PC-3. [ have net yet been "lnside" o PRO-2005, so | con't say for
sure how available 1C-505 Is for removal ond replocement, but from the Service
Monual, it oppears just as aoccessoble os in the PRO-2004. Most of the procedures, fips
and kinks glven for the PRO-2004 should apply or be odaptable to the PRO-2003.
Specifle cormments are glven where applicable,

The Mew Memory Chip. The replocement memaory ehlp Is speelfied ta be o Hitechi
HMSE2256LP-15. The suffix doesn't necessarily hove to be -15 ond con olso be -12, -10,
or even -20. In memory chips, the suffix ofter the dash indicotes the speed of the
chip, with lower numbers being foster and the higher numbers being slower. Do not
wse o memory chip with a suffix lorger thon Z0. Another thing on which to toke note
is the "LP" just before the suffix. This meons "Low Power” ond is an important
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feature. Other memory chips without the low power feature will draow more current
from the memary retention bottery when the scanner Is not plugged in fo AC of DT
power. Whichever brond of chlp you select, be sure to specify "low power" and
redlum to fost speed. | hove specified the Hitachi chip becouvse | know it will work,
but there are other SRAM 32K x B memory chips that should work just os well.

Finding a 32K = B 5RAM chip isn't difficult, but you hove to know where to leok.
Forget obout Rodio 5Shack, they do not stock the item-- but most selid state
compenent distributors do. A few probeble sources te check, if you have none local to
you, are given In Table 4-14-1.

Here's how to order: By letter or phone, ask for Hitachi HM&ZZ58LP-15, -12, or
-10. If they ore out of sftock, or if the price is seems tooc high, then ask for o quote
cn any “low Power SRAM. -10, -12, or -15 speed, ond 254K memory organized oz 32K
by 8." Use those exoct words, ond you'll be OK. Expect to poy obout 518 to 525,

Coution: This rmemory chip is frogile, meoning that it con be destroyed by the
tHiniest static charge. When you buy one, it will come imbedded in o speciol carben
faorm, enclased in o special plostic wropper for static protection. Leove the chip in ifs
pockaging until yeu are reody to instoll it. We'll vse o 28-pin IC socket, sa minimal
handling and ne solderlng of the chip will be required, Other precouticns will be given
in the Steps of Procedurs.

Table 4-1&6-1

SOURCES OF DIGITAL & SOLID BTATE FARTS

LA PAZ ELECTRONMICS IMTERMATIONAL MICROFPROCESSORE UNLIMITED,
2480 ACTIVITY ROAD; SUITE "C Z400@ 5. PEONA AVENUE

SANM DIEGD, CA 92124 BEGES, OK 74421

JOR MICRODEVICES B0LID STATE SALES

2233 BRAMHAM LANE FO BOX 74-D

SAaN JOSE, CA 95124 SOMERVILLE, MA 32143
JAMECO ELECTRONICS DIGI-KEY CORPORATION

1353 SHOREWAY ROAD FO BOX &77F

BELMONT, CA 942082 THIEF RIVER FALLE, MN 54701
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Table 4-1&=-2

FPARTS LIST
FOR EXTENDED MEMORY MODIFICATION
CET
SYMBOL  GLUAK DESCRIFTIDN/PART NUMBER
1€ I Hemnr? IC chip, 32k % 8 SRAM; Hitachi HM&22SLLP-12, -1%
E=1 | Eapgc:tnr, tantalumj @.1uF/35 WVDC; Radio Shack #272-1432
R 4 Resistors; 4700 ohms, */.-watt; Radio Shack #271-1310
E=1 i DIF SWitchy 4PST; Radio Shack 8275-1304
da=1 1 IC Socket; 2B-pin; wirewrap; Radio Shack #274-1983
J-2 1 IC Socket; B-ping wirewrap; Radis Bhack #276-1938
MISC 1 Ferf board; Radio Shack #274-1395
2B ¥t Wire; stranded; flexible; 22-ga; Radio Shack #278~1307
1 pkg Standoffs for circuit boards; Radio Shack #276-195
Table 4-146-3
TOOLS & MATERIALE LIST
FOR EXTENDED MEMORY MODIFICATION
EUAN ITEM DESCRIFTION COMMENTARY
1 Bervice Manual for FRO-2884 or PRO-ZEES Obtainable from Tandy
National Parts Centerj
7B@ E. Morthside Dr.
Fort Worth, TX 74182
(EB17] 87@-54508
1 Boldering pencil; I5-25 watts Keep tip clean with wet
with small, conical or flat tip spange during work.
28 ft Rosin core soldery 032" dia Fadio Bhack H&4-203
1 rl Desoldering braid or wick Radio Shack #&4-28590
i Fosin Flux resover; spray can Fadio Shack &&4-2324
i Electric drill & assorted bits, Sea teut for alternatives
including one small bit of about to the small drill bit
B53"-. 075" diaseter
1 "Hacto" knife and/or several single
edged razor blades
1 Sheet metal "nibblirg tecl” Fadio Shack ®&4-823
1 pk Buper gluejy fast setbing Radiag Shack #54-2308
Misc Basic hand tools including phillips &

flat blade screwdriwvers; plisrs;
diagonal cutting pliers; Jjeweler s
scrawdrivere; magnifving lens; several
sizes of sewing needles & straight pinsg
mechanic's metal Ffile; hacksaw; pocket
penlight with fresh batteries;
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Wiring Diagram: 6,400 Channel

NOTEx  "IC-504" pin wiring
ghown heze i= for the PRO-Z004

Figure 4-16-1

HITACHLI HME2258LE-15,

Memory Modification

12

only. Sem other note balow 32k + 8 LSRAH C-1 @d.1=uF Tantalum
far PRO-2005. For PRO-34, us=
"IC-2" instead of IC-504. Pin To Pin 14
uirirg for all chips is same. @ WA Balow
: Pin #1 "Diot"
+# 1| Ald +3 Ve 1B IC=584=-pl&
i From Hl1-& below
a2 All WE 27 #)|====ccc== » IC-5004-p2l
IC-584-pl {-=mmmemmm El 3 A7 ALl 1B e
IC-384-p2 ¢-—-—————- w4 A6 AB 25 ei-——————-} IG-0H4-pl3
IC-584-pd d--mmm=m== E- 5 AS AY 24 l} --------- » 1C-5@&-pld
[C-3@4-pb ¢——-—-——-- e b A4 All 23 w .
JC-S@4p5 ¢oiiiio e Bl B L 1C-504-p28
i (Top View) ;
IC-5E%-ph (======um- e B A2 Al® 2} ei--————— » IC-384-pla
IC-584-p7 ¢—--———--i8 9 Al CE 28 8}=========) 10-584-pl8
IC-50&4-pB ¢——-————- e 10 AR I 19 e y I0-584-pl7
[C=50G=pY C-=--enemo e 11 IS0 8 I/06 18 #}-——-—- » IC-53R4-pl6
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INTERNAL VIE |

The d-cpgment 205 seexel installalion, Interngl view. Taks
the Tronk pasel from the chassis and you have plenty of
room In whizh to work!

Adding 4,400 Channels te The PRO-2004/2005. Review cur Toble 4-16-7 (Parts
List), and Toble 4-146-3 (Teols ond Materiols List). Before sitting down te werk, you
shauld hove all ports, teels, ond materiols hondly ond ecrgonized, It is obsclutely
mandatary thot you hove the Service Monual on hand for your sconner, The first stoge
of the procedure is to construct the Extended Memery Beoard, so doen't start to dig
Into the innards of your sconmer just yet unless you're Just curlous and wont fa
preview the oreas in which you'll be working as you progress. MNaturally, disconnect
the scanner from its power source before you attempt to remaove It fram its cose.

PRO-2003 Mote. The Extended Memory  Boord os constructed here for the
PRO-2004 will be sssentiolly the same For the PRO-2005, except that the wire lengths
may need fo be o little sharter or longer. OFf couvrse, you can always frim them to size
later on.

Construction of the Extended Memary Board:

1. Cut a plece of “parf boord” to o dimenslon of 1-1/2" W by 2-1/4" L. File or sond
the rough edges of the board until smoath to the touch.

2, Position and insert J-1 {the 2B-pin IC socket) so that it is preclsely centered an
the boord. Bend the pins of the IC socket outword and flot agoinst the bottom of the
boord. Once the pinz ore positioned stroight ond flat ogainst the bottom of the boaord,

insert shart 1"-long jumper wire stubs from the top through the perf boord holes
and solder one jumper stub to each of Pins 1, 2, 23, and 24. Trim the length of the
jumper stubs ro about 152" above the boord,

Wires will be scldered to eoch of these four jumper stubs, but cnly after the
module has been mounted, so it will be eosier to work from the top of the cose. Usa
your own creoctivity and initiotive to moke it possible to later solder o wire from the
tap af the boord to eoch of Pins 1, 2, 23, and Z4. All other pins of the socket should
be clipped ond dead-ended flat on the bottom side af the board.

J. Review Figure 4-14-1-- the diogrom-- and occompanying photographs. Install the
four resistors from the top side of the boord se that the leods protrude through the
bottam. Insert the four reslstors se thot they ore flat on the board; not en end.
Positien, install, ond solder one end of each resistor to Pins 1, I, 23, ond Z$ on the

132




|EKTEHIDR‘ VI \

An exteml viesw o7 e d-sagment. OF swltoh,
showing itz Ieskallation. The ;sror used a 1s=pin
sacket for ather purposes, ‘fou nocd ooly en S<pin
zocket for thls modifleation,

L"lh"lF DERECT EMTH
d PP

bottom side of the board where the jumper stubs were scldered in Step 2. The free
[unseldered) ends of the resistors should be pointed mwoy from ond not be close to ony
of the IC socket pins.

4. Solder the free ends of eoch of the four resistors to o bore wire of oppropriote
length. The bore wire may hove to be roured slightly arcund the Pin 1 ond 28 wnd of
the board. Be certoin ot this paint that it does not touch onything ather than the four
resister leads.

5. Install copocitor (C-11) os follows: The (+) leod to Pin 28 of the IC socket. The
(-} lecd wvio o shart splice (if necessory) to Pin 14 of the D socker. MNote: This
copacitor may be instolled on the bottom of the boord, §f desired, with the leads
dingonally stretched between Pins 28 ond 14 of the IC socket. It is importont that the
{+} lead of the copacitor be soldered to Pin 28 of the IC socket.

6. Solder a short jumper wire from Pin 28 of the IC socket to the common bare
wire thot was soldered to the free ends of the four resistors in Step 4.

a fine-tipped indelible rnu::rlcimj"pen af this time to marck f pin nombers of the IC
socket on both the top ond bottom sides of the boord. This will maoke your loter worlk
somewhat easier with reduced chance of error.

Check ond recheck all your work up to this paint, Assure perfection. You might use

7. Prepore 24 color-coded hockup wires as follows:

A, Wire typer insuloted, stronded, very flexible, about 22-24 go.

B. Length: about 8", but longer is OK.

. Strip obout 1/B" of Insulotien from ore end of eoch wire. Do not strip the
other ends at fthis time zince they will be positioned lorer and clipped for
precision fit.

D. Tin the stripped end of eoch wire with solder.

Mote: You can use I5-conductor “ribben" wire, but if you do, you'll soon lose track
of where the wirss go. Better off getting o foot of Z5-cond computer or telephone
cable where the wires are Individually ealer-coded. Srrip the coble ond solvoge the
wires for this job.

8. Position the boord so thot Pins | and 28 are ot the top, ond Pins 14 ond 15 ore
of the bottom. Insert o previcusly prepored wire from the top of the circuit board
obhaut 318" into the hele ainh;_. the outer edge of tHhe Fu::'f board next to Fin 3 of the
IC socket {J-1). Turn the boord over to view the botrtarmn, ond bend rhe tinned wire end
?0% 38 that it teuches the top of Pin 3 of the IC socket. Solder this tinned end of the

wire ta Pin 3 of the IC socker.
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After the solder connection hosz cooled, pull the wire tight from the tep of the
boord so thot oll slock is token up from that portion of the wire on the bottom of the
baard. Ensure a smoath, solid selder connection of wire ta Fin 3.

?. Repeat Step B for eoch of the remaining 23 wires. Ope af o tlme, solder the
tinned end of sach wire to a pln of the IC sacket (1-1). Do naot solder any wires to the
jumper stubs ot Pins 1, 2, 23, ond 26 of the IC socket ot this time. Jot down o record
of the celor code ond pin numbers as you go-- you will need this for loter reference.

Mote: The [C socket pins are rother close rogether, ond solder porticles or just
ploin sloppy soldering con couse adjacent pins to short together. Thot hoppened in my
prototype design ond later coused needless frustrotion, troubleshootong, ond time loss.

Check all of your work again ot this point. Use o strang magnifying lens ro seru-
tinlze each solder conmectlen. Look for shorts herween adjecent pins and for peorly
token solder joints. Redo all guestionohle or defective solder joints at this time. Spraoy
the bottom of the boord with Rosin Flux Remover to cleaon owoy flux residve ond to
ramove loose porticles of solder. Again, inspect the bottormn of the board with o stroeng
magnifying lens. Finally, use o small-tipped tool such os o jewelers screwdriver ta
manuvally flex ond prod eoch seldered pin of the IC socket. Resalder ony that come
loose. Verify ogaln that there are still mo sherts between ony odjocent pins of the
socket and that oll wires, resistors and the copocitor are propecly soldered. The
Exfended Boord iz now complete, Put it oside in o safz ploce,

Construction ond Installation of the Dip Switch Interfoce - Pro-2004/2005. Four
simple 5P5T onfoff switches ore used to access the memory of the new [C chip. The
CPU will outomatically addres: whichever of sixteen 400-channel bonds is manvally
selected. While thls procedure specifles a 4-segment DIP switch for manual selaction,
you ore by ne means limited to this meons of centrel. Four separate S5PST toggle
switches con be used, fer instonce. | swppose even a thumbwheel switch could be
employsd a3 could ony of o dozen other switching arrongements. The essential
requlrement is a separately selectable "on" omd "aff" stafus te eoch aof Plns 1, 2, 23,
and 24 of the Extended Memory chip.

Digital mearns can alse be employed as preposed by Terry Youra, whe did o design
using odditionol eircuitry In the form of o blnary ceunter ehip, an EPROM ond a
seven-segmeant display LED. While in keeping with modern technolegy, thiz method
makes the project much more cumbersome ond puts it out of reach of the average
habbyist whe isn't on engineer or odvonced technicion. Therefore, the procedure here
employs o simple, but na less effective, switching orrongament, Again, the main thing
Is thot Pins 1, 2, 23, ond 24 of the chip need to be Independently ond cooperatively
oddressable in order to occess the 14 memory blocs. Four switches with on/off
positions allew 14 combinations of switching "on" and "off" which is required to
address the full 4,400 chornel edpobility of the memery chip. Bosicolly, it's lke rhis:
one switch will control two groups of 400 chonnels each. Tweo switches control four
blocs of 400 chonnels; three switches control eight blocs of 400, ond four switches

confrol the full 14 bBlocs of 400 channels!

The guestion s where to install the switches. Spoce Is ot o premium in bath the
2004 and 2005. The reor chossls contalns ample room, but is Inconvenlent to occess
during operation. The front ponel offers possibilities, but | elected fo use the top of
the plastic escutcheon directly oboeve the LCD display panel, centered aver the “tie"
portion of the word "Reclistic.” 5ee the photo.

[ suppose thot you could build the switching scheme into g smoll metal box and
route the t-wlre coble bundle Inta the scommer vio o hole in the reor of the chassis. If
you go this route, you're on your own becouse | hove an aversion to lengthy wire runs
where digifol ond RF signals ore concerned. Externol wires ore on invitation for noise
plekup ond all sorts of things could hoppen-- none af them goed. Then, ogain, it just
might weark. Like | sald, you're an your own If you choose that way.
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At this time, discannect the sconner fram lts power source, remove the four screws
from the rear of the scanmer and slip off the outer cose. Yeu may alse remove four
countersunk phillips screws from the sides of the front pomel to permit It te swing
down fer eosler inspection of the inside oreas. Declde wpon your switchin
arrangement of this time ond then follow the below 5teps of Procedure, or modity
them to suif your needs.

PRO-2005 Mote: The mechanical procedures described in Steps 10 to 23 are specific
for the PRO-2004, If you find a different place for and still cheose the 4-segment DIF
switch for external contral, you may use the electrical procedures verbatim. Wire
lengths may have to be longer, etc., but the following procedure will gulde you well

encugh.

10. The AC plug ls disconnected from the wall. Remove the four screws from the
rear of the chassis. Slip off the cover. Remowve the four countersunk phillips screws
that held the front control ponel to the chossis; twe are on eoch side of Fhe front
ponal. Allow the front ponel to slightly tilt owoy from the ehassls,

11. Cut a small piece af “perf board" fer a drill templare os fallows:

A, Dimension: to be at least & holes wide by 10 holes leng.

B. Tempororily pesition J-2 (the 8-pin IC socket) on to the template board so
that its leods protrude through B of the heoles. Dorken theze holes with o
mcirkimg pen.

12. Peosition the templote fobricoted obove on to the top of the front ponel, just
mbove the LCD disploy and centered over the letters "tic" in the "Realistic” lege.
Tape the template deawn flush to the top of the plastle cose.

13. Drlll 8 heles down thraugh the morked template holes, through the top of the
plastic front ponel. Thiz colls for o very small drill of obout 05" to 075" diometer.
The perf boord holes are 042" dio., but we waont the heoles through the plastic case to
b= a bit locger thon that.

There is o suitoble oltermetive to drilling, Using the templote made [n Srep 11, melt
holes through the plostic case with o heoted sewinhg needle or o naoil of oppropriate
diometer. Yes, this will make o bit of o mess ot first, but is eosily cleaned wp. The
ldea Is to drill or melt 8 holes inta the top of the plostic front ponel sa that on 8-pln
IC DIP socket con be mounted there. The holes need ta be lorger thon the socket pins
to occomodate the wires that will loter be soldered to each pin of the socket.

After drilling or melting the holes to proper size, corefully use o single-edged rozor
blode to slice or shove off the distorted plastic "mounds™ so that the surface 1s flush
and smoath s before. Wateh your fingers— the blodes are sharp.

14. Prepore four color-ceded hookup wires as follows:

A, Wire rype: Insulared, stronded, very flexible, obaur 22-24 ga.

B. Length: About 8" to 10"

C. Strip about 1/8" of insulation fram one end of each wire. Do not strip the
the other ends at this time, since they will be positioned ond clipped to fit
later.

O. Tin the stripped end of soch of the four wires and solder.

14. Eurefull‘g solder the four wires as prepored In 5tep 15 to four pins on one side
of J-2. These four plns must all be on the some side of the IC socket (J-2), one wire
to a pin.

17. Prapare 4 more wires os follows (color code not necessary):

A, Wire rype: Insulated, stronded, very flexible, obout 22-24 ga.
B. Length: About 2",
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C. Strip obout 1/8" of insulation frem one end of eoch wire and obout 1/4"
from the other end of eoach wire.
C. Tin the stelpped 158" ands with selder, but nat the other ends.

8. Solder the 1/8" strip ond tinned wire ends to the remaining pins of -2, the
8-pin IC socket. These four wires must all be on the some side of the IC zocket, ond

apposite those soldered in Step 14.

1%, Lower the prewired J-2 (8-pin IC socket} into the B heles drilled or melted into
the top of the front panel in Step 13, Push the IC socket down slightly until it seots.
Check for o perfect fit ond goad appecronce. Maoke odjustrments uslng o drill, heated
needle, “M-ACTO" knife or single-edged razer blade until the fit is perfect. Uze care
when working with the sharp blodes.

2D, Slightly raise the prefitted J-2 ond apply o small beod of "super glee" type
adheslve arsund the underside of J-2, but don't let the glus get on the pins {or your
fingers). Firmly reseat J-2 down flush with the tep of the front ponel ond apply
pressure until the glue sets up and bonds.

21. Twist togethar the 1/4" bore ends of the four shart wires fram J-2 installed In
Steps 17 and 18. Solder these four wires together Into a single jaint. Splice ond salder
o single 20-24 ga. stranded, insulated wire about 3" to 4" long to this d-wire junction.
Insulate this soldered connection with tape or heat-shrink tubing.

22, Reinstall the frent ponel ta the chossis with the 4 countersunk philllps serews
remaved tn Step 100 Tighren securaly.

23, Solder the free end of the wire foshloned in Step 21 to ony printed circuit
board grounding spet. Do this anywhere on PC-3 (the CPU medule). All of the other 4
separate wires from J-2 to hang free and accessible.

Thiz completes most of the installation of the switch interfoce.

Removing the Stock Memory Chip (PRO-2004): With the pawer plug inserted, turn
the scanmer on to ensure that nothing is amiss and there are no problems sa far. The
sconner should be functioning normally in oll respects. Before turning the scanner off,
remove the Memory Retentlon Battery from [ts clip on the reor of the radio. Turn the
seanner off, and with the "Restart" switch (on the rear of the scanner) depressed, turn
the set on agoin. Memory should be cleared now ond the bottery indicotor will tlaosh
with an occasional "beep"” sound. Tuen the rodio off and waplug it frem all AC and DC
power. Pry off the metal caver of the CPU r:arnp-:u'rm&nl';"gt- T

4. Locote the stack memory chip, IC-504, in the CPU madule,

PRO-2005 Note: In the PRO-2005, 1C-505 will be removed, not [C-304. The
following removal and cleanup techriques ore applicable.

25, Remove 1C-504 (PRO-2004) using dessldering broid ond/cr desoldering suction
devices. The desoldering broidfwick is probably the best approach to this porticular
situotion. Tt will toke several beatings ond reheatings before the braid hos drown up
oll the solder fram the plns of IC-504. Even then, IC-504 will rernain firmly oftochad.
Gently pry esch pin upwaord with a sewing needle while the pin is reheoted. Maintain
on upward pressure until the pin peps free. Be wery coreful here to leave the solder
pads fer IC-504 Inroct and domoge-free. Scon, [C-504 will pop free and come loose.
Store the chip in the some packaoging materials as your new memory chip s stored.

26, Use more desaldering wlck to cleon up the solder pods from where 1C-504 waos
removed. Moke them bright, shiny and clean. 3proy the cleonod pods with Rosin Flux
Remover to get rid of any resides.

Mechanical Installation of The Extended Memory Board (PRO-2004): The Extendsd
Memary Board should be mounted before wiring is attempted. It is my understanding
that some have installed their Extended Memory Boords right inside of the CPU
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comportment where [C-504 used to be, which is perhops ideal from o total purlsts
paint of view, but octually It lsa't necessary. This 1s fortunate, becouse the wiring
inslde such cromped guarters would be o nightmare for the uninitioted., For the
majority of us, a spot outside of and adjocent to the CPWU comportment is betrer, for
we then have lots of room in which to werk,

With the sconner focing you, but upside down, inspect the orea of the inner metal
chassis just to the right of the CPU compartment ond just behind the front ponel
rumerical keypod. You will see o couple of square inches of exposed metal chassis—
which 13 on ldeal mounting spot for the Extended Memory Boord. You'll need one
stondoff or tubular bushing of a length of cbowt 1/8" to 1/2" to hold the Memery
Board rigidly in place ond yet up off the metal chassis. You could use a machine
screw ond several nuts os necessary to comprise the spocer.

PRO-2005 Motes: You are more or less on your own in Step 27, but the theory ond
principles given for the PRO-2004 are valid enough for the PRO-2005. The differences
are mechonical ond physicol end you'll hove to odopt the installotion fechniques to

whaot best suits the PRO-Z005,

27. See the occcompanying photos and inspect both sides of the inner metaol chossis,
just te the right of the CTPL) comportment ond just behind the frent poarel numerical
keypod. Thers ore some components mounted on this inner metal chossis on the side
opposite the CPU compartment— you certainly will not want to drill o hele through
them! There is plenty of reoem to drill, however, if you lock arcund, Select a spot for
your stondoff, ond drill @ 1/8% hole. See the photos.

28, Drlll o 1/8" hale in the cefter-end oreo of the Pla 14715 end af the Extended
Memaory Boord.

2%. Inzert o maochine screw of oppropriote length through the newly drilled hole in
the chassis so thot the screw profrudes wp through the CPU side of the chaossis. Slip
the stondeff or several nuts on to thiz mochind-screw. Tighten securely. Position the
Extended Memory Beoard en te the machine-serew and attach onether screw or nuf.
Tighten.

This complates the mechonical instollotion of the Extended Memory Board.

Electrical Installation of The Extended Memory Board (PRO-2004): Carefully study
the salder pods frem where 1C-504 was removed. You'll note thot they are except-
lanally elose tagethar, [t is fortunote, however, thot there ore other ploces where we
may solder the wires frem the Extended Memory Boord. Tf you will follow ond study
the circuit foils that lead oway from the solder pin pods of IC-504, you will nete
wnused soldec tobs on most of the troces. We will connect most of the wires from the
Extonded Memory Boord to these unused tobs instead of soldering directly ro 1C-504"s
pin pods, Actually, these "unused" selder pods are “plated thru" holez that continue the
trace on the opposite side of the PCB. For our purposes, they are called {ond will
serve os) "unused salder pods "

For exaomple, locate Pin 2 where IC-504 used to ba. (Pin | Is cleorly morked on the
PCE.) Mote, with the front of the scenner facing you and viewed from above, that the
troce frem Pin 2 leods off to the right for maybe 1/4" and then bends $0° towards the
front of the sconner for another 172" or so where it terminates (ends} ot an unused
solder pod. Using the wiring diegrom in Figure 4-14-1, you will measure and fit the
wire from Pin 4 of the Extended Memory Beoord ta this unused solder pod of IHC-504,
Pin 2 just described obove.

The extra solder pads for 1C-504, Plns 3 throwgh B are off ta the left ond slightly
wppar-left of IC-5304 peor and just to the rear of "D-515%" which is marked an the
board. Extra pods fer 1C-504's Pins 7, 10, and 11 ore just to the right of IC-504. The
wire from the Extended Memory Boord's Pln 14 will go to the some printed sircuit
graund spat of the wire saldered in Step 23 above. Extrao solder pods for 1C-504's Pins
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13, 14, ond 15 are located within the the morked rectongulor area of where IC-504
used to be locoted. Extra sclder pads for IC-504"s Pins 14 through 23 are locaoted in o
diagonal line just forword of where IC-504 was formerly located. The wire from the

Externded Memery Chip's Pin I8 will solder directly to the IC-504 Pin 24 pad since

there isn't on extro pad for this pin.

Essentially, then, the only solder peds thot hove ta used where IC-504 ussd to be
situaoted ore Pins |1 ond 24, and thase ore larger thon normal pads onywaoy, which offer
no problem. Thus, you con see that oll the wiring rrom the Extended Memeory Boord to
the vicinity of 1C-504 will be fairly well spaced out ond not tao difficult. If you need
further clarification, refer to the wiring diogrom in Figure 4-14-1 and perform the
detailed instructions exploined in Steps 30 to 53 which will tell you exoctly where to
splder the wires in the PRC-2004,

special MNote For PRO-2005 Owners: Judging frem o close scruting of the Service
Manual, there are larger, wnused sclder pads {plated thru holes) for most of the pins of
IC-505. You'll hove to search thern out wsing the Sarvice Maoneol ond by actually
looking ot the circuit boord itself. The octual pinout of IC-505 is identical te that
described below for the PRO-Z004. Therefoare the slectrical pinout polnts of Install-
gtion for the wires frem the Extendsd Memery Board are valld, The physical locotions
of any unused solder pads wlll be different. 1t's OK to solder the wires directly fto
1C-505"'s empty pin pods, if necessary. It's just o little more tricky ond fedius thot
way because the pins are locoted =o cluse together.

Mow to Steps 30 to 53, showing the exoct wiring informotion in the PRO-2004,

For the sake of brevity in thesa steps, "MCETAS" will mean "meosure, clip, strlp,
tin, and sclder,” ond "EMB" will mean "Extended Memory Boord.” When clipping each
wire to fit, allow o little slock for bundling, reuting, ond neatness.

30, MCATAS rhe wire from the EMB's Pin 3 directly ta 1C-504 Pin 1.

31. MCST&L the wire from the EMBE Pin 4 to IC-504 Pin Z. Mote: follow the troce
from IC-504 Pin 2 off to the right ond forword a little to the larger, wnused solder
pod. Solder the wire to this pod rather thon directly to Fin 2.

32. MCST&S the wire from the EMB Pin 5 to on unused pod on the clreult froce of
IC-504 Pin 3. This spot will be the onode of D-515 which is marked en the boord.
D-515 works in conjunction with D-314 to progrom the CPU for different speeds. If
you should remove 0-515 (don't do it), the scon and search speeds would slow down.

33, MC3TAS the wire fram the EMB Pin 4 to an unused pod on the circuit troce of
IC-504 Pin 4. This spot is ot whot would be the ancde of D-514 if you instolled it for
the scan-rote speedup described in MOD-2 of this book.

4. MCSTAS the wire from the EMB Pin 7 to an unused pad on the cireuit trace of
IC-504 Pin 3. This spot is the onode for D-313, which is rnot maorked on the board.
D-513 is the cellular car phone elimination dicde discussed in MOD-1 of this boalk.

35. MCSTAS the wire from the EMB Pin 8 to an unused pad on Fthe clreuit troce of
of 1C-504 Fin 4. This spot is the aonode of D-312 which is not installed but is morked
ar the boord., As [ncldential trivio, should D-512 be installed, scanner coeration will be
deleted in the 30 to 54 MHz bond, oz required by Euvrope and Awustralia.

36, MCSTAS the wire frem the EMB Pin 9 to on uvnused pod on the ¢lrcuit trace of
1C-504 Pin 7. This [s the spat for the anode of D-511 which is neither used nor
marked on the boord. Even when a diode is instolled ot D-511, [t doesn't oppeor to
accomplish onything.

37. MC5TAS the wire from the EMB Fin 10 to on unussd pad on the circuit troce
of IC-504 Pin 8. This is the spot fer the anode of D310, which you may have already
added to give you 100 more memory chonnels [see MOD-15).
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38, MCSTAS the wire from the EMB Pin 11 to an unused pad on the circuil frace
of 1C-504 Pin 7. This spot is lecated off to the right of 1C-504, near Pln 3.

37, MCSTAS the wire from the EMB Pin 12 te an unused pad en the circuit troce
of 1C-504 Pin 10. This spot is located off to the right of 1C-504 neor Pins 4 and 5.

40, MTSTAS the wire fram the EMB Pin 13 to on unused pod an the cireuit troce
of 1C-504 Pin 11. This spet is located off to the right of 1C-304, near Pin 6.

41, MCST&S the wire from the EMB Pin 14 to the same printed circuit ground spet
as the wire soldered in Step 23.

47, MCSTAS the wire from the EMB Pin 15 to on unused pad on the circuif troce
of 1C-504 Pin 13. This spat is located within the upper-left reetangle of where 1C-504
had been previously positioned.

43, MCSTAS the wire from the EMB8 Pin 14 to an wnused pod on the circuil frace
of 1C-504 Pin 14. This spot is lacared within the upper-left rectongle of where 1C-304
hod been previously positioned.

44, MCSTAS the wire from the EMB Fin 17 to on unused pad on the circwit froce
of IC-504 Pin 15. This spot is located within the upper-left rectangle of where
IC-504 used to reside.

45, MCSTAS the wire fram the EMB Pin 1B to on unused pad on the circuwit troce
of 1C-5304 Pin 14, This spet is located just ferward of 1C-504"s rectangle and between
LI:: CPL chip and the row of diodes and resistors off to the left aren of the CPU

ard.

44, MCSETAS the wire from the EMB Pin 1% to on unused pad on the circuit troce
of IC-504 Pin 17. This spot is located just forward of IC-504's rectangle and between
the CPU chip and the row of dicdes ond resistors off to the left area of the CPU
board.

47, MCSTAS the wire from the EMB Pin 20 to an unused pad on the circuit trace
of IC-504 Pin 18. This spot is located just forward of 1C-304's rectangle aond between
the CPL ehlp ond the row of diodes ond resistors off to the left orea of the CPLU
baard.

48. MC5T&S5 the wire from the EMB Pin 21 to on unused pod on the clreult troce
of IC-5M Pin 17. This spot is lecoted just forward of 1C-504's rectongle ond between
the CPU chip ond the row of dicdes and resistors off to the left orea of the CPU
board.

47, MCSTAS the wire from the EME Pin 22 to on uvnused pod on the clrcuit froce
of 1C-504 Pin 20. This spot is located just forwaord of IC-504's rectangle and between
the CTPLU chip and the row of dicdes ond resistars off to the left areo of the CPU
board.

50, MCSTAS the wire from the EMB Pin 24 to an unused pad on the circuit trace
of 1C-504 Pin 22, This spet s located just forward of 1C-304's rectangle and between
the CPU chip and the raw of diodes and resistors off to the left creo of the CPU
board.

51. MC5T&S the wire from the EMB Pin 23 to on unused pod en the circuit troce
of IC-504 Pin £3. This spot 13 located just forward of 1C-504's rectongle ond between
the CPU chip ond the row of diodes ond resistors off to the left areo of the CTPU
baard.

52. MC3TAS the wire from the EME Pin I7 te on unused pod on the circuit troce
of IC-304 Pin 21, Thiz spot is locoted just forward of 1C-504"'s rectongle ond betwesn
the CPU chip and the row of diodes ond resistors off to the left areo of the CPU
boord.
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53, MCSTAS the wite from the EMB Pin 2B directly to the criginal salder pad of
IC-504 Pln 24,

This completes the wiring in the vicinity of IC-504. At this time, check, double
check, ond triple check oll wirlng pecformed in Steps 30 to 53. Test coch wire ond
solder joint for o firm, secure connectlon. Use o bright light and o mognifying gloss to
inspect eoch connection in minute and nit-plcky detall. A ecoreless mistoke ot this
point could be frustroting, inconvenient, time consuming, flnonciolly espenslve-- and,
even worse, could cost you time spent using your sconner. 3o, toke the time to verify

yaur wark,
Fimal Installation:

. Refresh your memoary of Step I above and then retrieve the four loose wires
left aside In 3Steps 16 ond 23 ond solder them to the Extended Memory Boord os

fallaws:

A, The loose wire from J-Z gacker 4 {forthest clght, Tocing the seonner) to
the Extendad Memary Board Pin 23, ab the jumper stub.

B. The loose wire fram J-7 socket 3 to Extended Mamory Boaord Pin 2 ot rhe
jurnper stub.

C. The losse wire from J-2 secket 2 to Extendsd Memary Boord Pln 26 at
the jumper stub.

D. The loose wire J-2 socket 1 {forthest left) to Extended Memory Board Pin
| at the jumper stub.

55. Insert a 4-segment DIP switch (5-1) with all segments "off" inta J-2, the 8-pin
IC socket,

Installotion of The Extended Memory Chip:

p-u-:knglng Lift the chip by Its ends fram the carbon faam. Avaid touching the pins of
the chip. Temporarily position the chip over its socket on the Extended Memory Boord
ta see If the pins line up with the socket holes. Chaonces are, they will not fit
perfectly ot this point becouse the two rows of ping will be spread too far opart.

In no cose should you attempt to force the chip into the socket! Insteod, determine
wihy the pin: pins don't make perfect aolignment with the hole: ond make corrective
adjustrnents. Maost of the time, the two rows of pins on the chip are too for apart--
and here iz the remedy for that:

Grosp the Extended Memory Chip by its ends ond loy it on a side se that all the
pins in ene row ore flat ogolnst a hard surfoce. Targue the chip in sueh o direction as
to couse the pins te oll bend imward by the same amount at the same time. Turn the
chlp ever to Its other side ond repeat thiz pracedure. When properly aligned, the two
rows of pins should be perfectly porollel with esch other ond perpendiculor to the flat
sides of the chip.

Again position the memory chip over the socket and if alignment of the pins is
neorly perfect with the socket holes, then gently push and work the chip down infte
the socket. Be watchful ond coreful that the pins don't buekle ond erlmp as the chip
goes Ilnte the socket. At this time, be very sure that the #1 pin is properly oriented.
The chip con fit the socket In either of two directions, but only one way is correct.
There Is a "dot" on one corner of the chip to indicate the #1 pin. Since you wired the
chip socket, you will know which pin of the socket is #1. Figure 4-14-1 shows the pin
numbering configeration.

The work is done now! We're chout ready to ensrglze the sconner for some
performance ftests. Llse this opperfunity to review your work one more fime before
proceeding.
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Table 4-146-4
INITIAL PROGRAMMING OF 4@0-CHANMEL BLOC IDENTIFIERS

4BO-Ch
DIP DIP DIF DIF MEMORY BIMARY
SW #1 W #2 Sl #3 Skl #4 PROGRAM CH-1 BLOC # EGUIY

Home OFF OFF OFF OFF lagn. eeo = @@ Home OO0

aFF OFF OFF o 1201 . BEO = a1 DB@1
OFF OFF ord aOFF 1882, 2eo = az ] |
oFE OFF DM Y 1 @R, BeR = @3 BoL1
OFF ar OFF OFF 1094 . 0@ = a4 pliom
DFF oM OFF oM 1025 . pE) = 25 B1@1
OFF oM oM OFF 1004 . 220 = @& B1i@
OFF om L [n 10D7 . Aaa = a7 @111
oM OFF OFF OFF LEDS , PAD = @8 1e02
oM OFF OFF ON 1007 . PAQ = @9 1@a1
o DFF al OFF 1010. DED = 1@ 1018
o DFF oy oM 1B11. POB - 11 1011
am on OFF OFFE 1612, D@ = iz 1100
o an OFF u] | g1z, BB = 13 1101
o O (B OFE 1814. 2688 = 14 111@
oM alf on ON 115, BAG = 15 1111

Final Tests and Checkout:

37, Reinstall the Memory Retention Bottery in the eamportment on the reor of the

seanner. If you hoven't already done sa, set all four segments af the DIF switch ta the
“off" pesitions.

8. Plug the sconner into opprepriate AC or DC pawer.

5%, Turn Ithe scanner an ond observe all indications for "mormaley.” Cuickly shut the
power off if there are oy peculiar symptoms, otherwise punch up Maonual & 1
Manwal, Chonnel 1 ("manual” mede) should now be in the disploy. Operate the "scan®

i ofher keys te ensure proper operotion of all kevboard functions. If averything
oppears rermal, move on to Step &0,

Mote: Some or Iﬂﬂ channels in each of the 14 blocs of 400 channels might eppear to
be progrommed with frequencies, including some really bizarre anes along the Jlngs af
"5345.6873" and similar. This is coused by "nelse" thot entered the chip before amd
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during installation. Use the “"Restart" switch on rhe rear chossis ta clear oll 14 blocs
before repregramming. The "Restart” switch will clear only ene 400-charnel blec at o
Hme, so you'll have to do it 14 times, with the DIP switch in eaoch of irs 14 positions.
It's o geod ldea te clear the memory of oll of this clutter so you won't become
eonfused later when you find it impossible to keep trock of 4,400 channels. This
subject and some ideas for "Sconner Chornel and Freguency Maonogement" ore
discussed in the chapter of this book on "Tips, Hints & Kinks."

40, Press Progrom : 1 @ Program 1000.000 : Enter. Freguency 1000.000 MHz should
naw be disployed on Chonnel 1.

41, Set the #4 segment (forthest right) of the DIP switch to the "on" position and
press Progrom ;1 : Progrom 1001.000 : Enter. Frequency 1001.000 MHz showld now be
disployed on Channel 1.

4Z. Turn the #4 segment of the DIP switch to the "off" position ond press Maonual @
| ¢ Marwal. Frequency 1000.000 MHz should agoin be disployed. Reset the #4 segment
af the DIP switch bock te the "sa" pesition ond egoln press Manual & 1 @ Monual.
Freguency 1001.000 MHz should return to the display.

Mote: This demonstrotes two different blocs of 400 chonnels each. With all four DIF
switches in the “eoff" position, this should be loosely referred to os the “"home" or
stock 400-channel memory bloc. When the DIP switch is removed from the sochket, the
"home" memory bloc will olways be active. We'll caoll this "home" mamory blec the
"00" memery blec. When DIP switch #4 is "on" ond 1, Z, ond 3 are "off," that will be
the "01" memory bloc, ond so farth.

63, If all is well so for, progrom Channel 1 of each of the 14 400-chonnel memory
blaes as Indleated In Table 4-146-4. This Table shows a speciol coded frequency you can
program inte Channel 1 in eoch of the sixteen 400-channel memory blocs. The
remaining 377 channels in each memery bloc con be progrommed with anything yeu
want that the scannel will accept. The coded frequency in sach Channel 1 will tell
you at a quick glance which memery bloc the scanner is working frem.

&4, Mate that becouse of the wires from the Extended Memory Boord going into the
CPU  compartment, you'll not be able to reploce the metol cover to the CPU
compartment. Frankly, this izn't mancotory, but some people like to see aoll shields
ond covers put bock where they were when the set come off the production line.
Bundle the wires loosely together ond meosure the CPU cover so thot you con
determine where to cut owoy some metal. Use o "nibbling teal" to chew away esneugh
of the metol so that the wire bundle can poss inte the CPU compeartment withaut
chofing or abroding. Reploce the metal cover. 5ee the phatos.

65, Disconnect sconner from Its power source, replace the case, ond restore it to
its operating position where you con agoin plug it into its power source.

Wropup ond Final Discession. Until you become occustomed ta the binary coding of
the 4-segment DIP switch, the progromming of Chonnel 1 in each of the 146 memery
blocs (per Table 4-14-4] will enable you to tell which blec you are in af any given
tima. Just "Manual" to Channel 1. Mote thot any time you wnplug the DIP switch from
J-Z, the sconmer will ovtematically revert fo memeory blae "00," which 1z the "home®

blac. This Is the same as if oll four switches ore "off."

By the way, you can wnplug the DIP switeh te chonmge ifs settings ond then plug it
back irm, especially if it's diffieult to see or reoch ln the seanner's regulor operating
position. Or, perhops better still, you could even purchose several 4-segment DIP
switches ond preset each one fo o desired memory block. Use o permanent marking

n to annotate which bloc number the switch is configured for on the front side of
the DIP switch for identification ot o glonce. Actually, once you get occlimated to
binary coding, resetting the DIP switch should become rother routine.
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At this time, if no problems hove reared their wgly heods, you will have 14 memaory
bloes of 400-channels eoch. Each memery bloc will olse hove 10 search bonds and 10
tempeorary "menitor {scratch pad) channels. It's almost like you went out and
purchased 14 400-channel scanners-- except that you can't run them all ot once. Still,
not o bod trade-off for hoving 4,400 chonnels of sconnlng power. You are now free to
program these £,400 chanrels in ony manner you wish se leng os the frequencies lie
within the copabilities of the CPU. You will now want te werk up o master plon or
intelligent scheme for keeping trock of what you'll be pregramming Into your sconner.
You could devote one entire bloc of channels to paolice, onother to federal, onother to
VHF aerc, another te UHF aero, ancther to--- well, onything of your choicel

One of the strong points in fovar of this modification is thaot you con customize
eoch of the §400 charnels for mode (AM, NFM, or WFM), and for delaoy, since this

doto s stored in the Extended Memary Chip along with the channel informaotion.

A minor limitation here is that the "priority” ond "speed" functions are stored in
the CPU chip, which cannot be meodified. Therefore, when you set a PRI Channel or
chonge speed far ony glven 400-chonnel bloe, that some channel will be the PRI
channel for the other 15 400-channel memery blocs-- ond the spead will be the same
far all bloes. Maturally, yeu econ have 14 different PRI frequencies, but they must all
be stored in the some channel number. To kesp things from getting confusing, youw
might just ollocate Chonnel 2 in each of the 400-channel memory blocs for PRI status.
This ame lmlitatien is the only drewback to the medification that | heve encountered,
ond 1t's mot actually a real drowbaek, i1's just a lack of flexibility.

MOD-17 68 to 88 MHz & 804 to 740 MHz for
The Realistic PRO-2021-- Well, Maybe!

Well, this is cne of those deals where "they all said it couldn't be done" but seme
people insist that they've done it ond it works. Others report that they tried the same
thing and It dodn't work. The claim is thot the Reolistic PRO-2021 scanner is capable
of operation on &6 to B8 MHz and 804 to 740 MHz when certoin diodes are clipped.
You won't have to go to a lot of trouble to find out for yourself, but first let me clue
you In on same of the odd things abowt cloims thot this could actually work.

When It comes ta liberating repressed bands or frequencies from o medern sconner,
there are twe distimetly seporate arens of the scanmer thot hove to be inherently
copoble (by design) of the cowverage in question. One is the microprocesser (CPU) and
the questlan of whether or net it hod been foctery-progrommed se that there is o
copabllity within the CPU fer such copobility, If the CPU wasn't eriginally
proagrammed by the factery programmed for such coverage, then let's put out the
lights and go ta sleep, beenuse yeu con forget the whele ldea of a modification,
You're out of luck!

On the other hand, sometimes the CPU does contain some welrd programming that
doesn’t seem to be supported out in front by the keyboard. Coses In pelnt: Realistie
PRO-34, PRO-2004, ond PRO-2005. The CPU's are progrommed fo recelve the cellular
bands. For reosons of their own, maonufacturers semetimes prevent keyboord access fo
certain coveroge by o "secret" diode wired in (or omitted) ocross two relevant
terminals of the CPU. If you con find ond remove or add that diade, os oppropriate,
you might fust be In luck. Might??

Yup, vou're still not guite home free. The second critical area of the sconner rhot
has te be copoble (by design) of ollowing exponded frequency modifications is the RF
elreult which actually consists of o couple of different oreas. For purposes of this
discusslon, however, I'm gelng to treat tham as if they were one.

All scomners hove RF preselector, freguency mixer ond osclllater circults that are
designed to be operotional on specific bhands of freguencles. For exomple, the

143




PRO-2004/2005 supports seven such bonds, designed os follows: 25 to 40 MHz, 40 to
68 MHz, 48 to 108 MHz, 108 to 174 MHz, 174 ra 2B0 MHz, 280 to 520 MH:z, and 780
te 1300 MH=z.

Observe that the bond 520 to 760 MHz does not exlst, which is why reception of
this bond {UHF TV Channels 22 through 42) is probably impeossible, even if we could
find Its secret progromming in the CPU. The PRO-2004/2005 simply doesn't possess
the RF clreultry ta oceept slgmals between 520 ond 740 MHz. And, so too it is with
other sconners in regord to various frequency bonds, even though the programming in
the CPU might exist.

For example, | was able to "liberate" 800 MHz to the disploy in the older PRO-2002
base and later PRO-32 hondheld scanners, but in neither cose wos | oble to octually
receive any BOD MHz band signals. Ta be sure, ofter | clipped of odded certain diodes,
[ wog oble te yse the keyboord ta seemingly pregrorm, scon, ond search 800 MHz, but
never was [ able to octually recelve omything. A ecursory look of the schematic
diagrams revealed why not-- the RF circults far B00 MHz didn't exist. | did monoge to
uncover a little surprize in the PRO-2002 when | founo the CPU "secret" prograomming
for 380 to 410 MHz. As it turned out, the foctory designed RF circuits for 410 to 512
MHz were wide encugh to lower the coverage of 380 to 410 MHz, and I was
thereafter oble to wtilize the sconner here, which was primarily of value in the 404 to
410 MHz area, which iz used by federal government agencics.

So, here's the deal for the PRO-Z0Z1. The CPU s apparently foctery programmed
for 800 MHz ceverage, maybe because they wsed the some CPU chip used in other
Reallstic scanners that were deslgned to work on 800 MHz. Use of the same parts in
several different meodels 1s sometfimes o wise economy move thot manufocturers
employ. In ony event, from the PRO-2021's | hove seen, the model does nat oppear to
have any BOD MHz circuitry and so it should be impossible to receive un}rfhmg even if
you can get 800 MHz frequencies programmed into the LCD display. You'll just hove
to find out for :,rﬂurself because some people insist fhE].r con receive signals while
others swear they con't. Maybe there ore severol "versions" of the PRO-Z021-- I don't
krnow. Hera's the modification that hos been emplayed:

804 ra 940 MHz Restoration for PRO-2021 (Questionoble]

|. Disconnect scannar from its powsr source. Remove It from its case and find your
woy to the CPU circuit. Locate and clip one leg of D-d4,

Z. Progrom In the limits of B51.000 1o 884.000 MHz, for example, inte o "search
band. Activate the "search" ond if you hear the various two-way communications
services that operate there, the mod worked for you. If you don't receive onything,
well, no harm deona.

4B to B8 MHz Restorotion for PRO-2021 {Maybe)

dome folks also ossert that 48 to 88 MHz con be recloimed from the PRO-ZOZI.
The same discussion from obove applies here, moybe it con ond moybe it con't. My
guess is that it could hoppen since the PRO-2021 hos RF ond digital capability of 30
to 54 MHz which isn't oll that distant from 644 to 88 MHz. Beware, however, that
when you clip thot dicde, you might odd 48 to BB MHz (which is of minor meonitoring
Interest, ot best) at the cost of losing 30 ta 54 MHz or something else you might
reolly want. Fully test your sconner aofter the mod to maoke sure:

1. Dizconnect scanner from its power scurce. Remove it from its case and find your
way to the CPU circuit. Locaote and clip one leg of D45,

Z. Program the limits of 68,000 ta B8.000 inte a “search” bond. Actlvate the
“search” ond let things run for a while to see if you con pick up onything. The mojor
portion of this band is occupied by TV Channels 4, 5, ond 6, but between 72 aond 74
MHz, if your mod worked, you might pick vp some telemetry ond rodio control tone
signals, also perhops woice and mon-voice rodio poging reloy fronsmitters. The oudio
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carciers for the TV chonnels are: Channel 4= 71.750 MHz; Chonnel 5= B1.750 MHz;
Channel 4= B7.850 MHz. If your sconner doesn't piek any of this up, no horm done--
unlass the remaval of D-43 blocked out semething else.

MOD-18 Restoring The Removed Cellulor Bonds in
The Realistic PRO-34 Hondheld Sconner

This modificotion is a bit hoiry becouse of the majer mechanical ond electrical
disassembly necessary to galn sccess to the teeny-weeny, little, dicde that has ta be
elipped. If you are patlent, methedleol ond coreful, ond you don't mind learming how
an elephant feels In o telephane booth, then It con be done with nory a hifch.

But Reod This First: Rumors hove circulated obout o recent maonufocturing chonge
where o metol boord-shield inzide the PRO-34 iz now spot-welded to the main frame
instend of just being beld down with screws. They soy that the welds hove te be
popped loose now in order to occess the CPLU ond Logic board. | hoven't ssen thls, byt
the possibility is warth passing aleng.

Ta de this med, you'll reed o seldering iron, desoldering teols, small wire cutters,
smiall adjustoble wrench or wvorieus minioture open-end wrenches, small-tipped philllps
sereweriver, mmd something te pry with, Ready? Ne, you will first want to review the
oll-Impartont Service Manual pictoriols ond expleded views te get fomillar with your
mizsicn oefore you embark.

Coution: Chaonces are that you won't lose what is in the sconner's memory if the
wotk i5 completed within an hour or so. Memory is retoined by a large internal
eapaciter when the hotteriss are removed. As o backup, you might wish to write down
o listlng of the frequencies yeu have progrommed in the PRO-34 just in case it comes
down with o sudden attack of amnesio.

1. Remove the antenna, bottery pock, ond the "velume" and "squelch" knobs, The
knobs might hove to be removed with the aid of pliers,

2. Remaove the 4 small phillips screws from the rear cover.

3. Starting of the bobtery-pock end of the sconner, pry the bock cover loese. Do

Taking apart tha =RO-34 far restorlng ite celldar ozeratian
takes same patlence;, deft Mingecs, good eyesight,
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= Locatlon af D=1l In the PFRO-34, the cellular
lockost dinge. 1t%s tny.

HERE'S D=-11

——

net attempt to pry of the tap (it's hinged there). Swing the bock cover wp in on are
tram the bottorm end while pushing teword the top of the radia. The "hinge" ar the rop
will work loocse ond the reor cover can be worked aff over the ontenno connectar ond
the "wolume" ond "squelch" shofts. Lay the reor cover aside.

4, Loosen ond remove the 4 bross hex shuf’r.-"'i.pucer screws from the exposed printed
circuit board.

3, Mate the "velume" control ond the two bare wires going from it to the circuit
heard. Deselder those bare wires at the cireult board and push them up out of the way
agoinst the body of the volume contral.

b, Locate the antenna connector where It salders to the elreult boord in two ploces.
Desolder the ontenno connector ground-lug from the circuit board and bend it back
out of the woy. Use o solder sucker to remove the solder “blob" at the center
canductar of tha antenna connectar ot the circuit boord.

7. Looking ot the rear of the radic (exposed circuwit board) with the the antennc
pointed up, locate the smaoll, bore ground-wire on the right side of the radie, about
halfwoy down from the top. Actuolly, it is ot the lower-right cormer of the exposed
circuit boord. This wire connects the metal con of a small tronsformer to o metal
shield cover below. Desolder thot wire from the metal shield cover.

8. Loosen and remove the two hex nuts ond washers from the shofts of the
"volume" and "squelch” cantrols.

?. Carefully, bur firmly, pry the exposed circult boord wp. It is held in place by a
connectar hidden beneoth it. Use a small flot object to pry with, using the sides of
the plostic cose as o fulcrum. Pry only neor the top end of the boord on either side
where two bross hex shoft/spacer screws were removed. If you lock on the board
between where the two brass screws were, you'll see o line of "pins" which are the
bock side of the conmector that has to be pried up. You'll feel a little "give" as the
boord works up ond loose from the connector. As the circuit boord works up, you'll be
oble to see the connector hidden under the beord. Contlnue working the exposed
cireuil board up, strolght owoy from the body of the rodio wntil it comes loose from
the connector beneath. Gently werk the boord so thaot the “velume" and “sguelch®™
controls slip out of their mounting heles as the board Is lifted away., Remove the
small connecter with the red ond white wires from the Inner circuit boord that goes
ta the row-removed upper elreult boord. The entire wpper beord should now be free
and placed aslde In o safe ploce.

10, Mote the shield cover now fully exposed within the body of the radio. [t must
be remaved. This iz the shield can that seme rumers claim is now being spotwealded on
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later medels instead of being screwed-down. [ con't wouch for thot, so if yours is
spotwelded, you're on your own. Apparently the spot welds con be popped loose— or so
they claim, at lenost.

If your shield isn't welded, then it will be held In ploce by three small phillips
screws, one of the lower edge of the shield mext to the battery compartment, and the
others, on the other side of the shield cover mear the upper end (of the shield cover).
Remove these three tiny screws and lift the shield cover out of the way to expose the
CPU and Legic board beneath. The shield will net come completely free becouse of
some wiring ond the PWR and CHG jocks. Just mave the cover over ond lay it next to
the radia.

11. Congrotulations! We're holfway done and getting down fe the nlrty gritty.
Observe to the left side of the CPU ond Logic boord (the side opposite the PWR and
CHG jocks), ond locote diodes D-10 aond D-11. These ore located on the extreme left
edge of the logic boord, and just ta the left of IC-2. Clip the exposed leg of D-11 ond
spread the cut ends slightly opart so they con't touch. Don't Fool arcund with =10 or
else you'll lose $O0 Mhz! Just clip [nnl}'r D-11 and you'll be done ond ready to button
things up.

12, Corefully reploce the metal shield cover sa thaot It aligns with the thres screw
holes. Reploce and tighten the rhree serews.

Mote: It would help a lot to mognetize the shaft of your phillips serewdriver for
this operation. Just wipe or stroke o mognet alang the shaft obout & ta 10 times in
one direction only. The phillips serewdriver will now hold the finy screws on its point
g0 you con more easily allgn them with the heles In the shield cover. Tighten the
three screws.

13, Gently reposition the top circuit boord over the metal shield cover ond replace
the small connector [CM-1), the one with the redf/white wires. Work the "wolume" and
and "squelch" controls back through the holes in the top frame, ond then position the
boord so that its male connector pins on the botftom side aolign perfectly to match
with the femals cormector on the CPU ond Logic board. When the pins ore lined up,
wark the upper cireuit boord down wntil it seats. It would help to press with your
thumbs directly over the conmector pins.

14. Heploce ond tighten the 4 bross hex shoft/spocer screws.

15. Replace aond tighten the hex nuts and flat washers over the "volume" and
"squelch" controls.

14. Bend the twa wires from the "volume" contral back dewn to their spots on the
circuit boord and resclder them to the boord.

17. Resolder the antenna connector's ground lug bock ta Its spot on the circuit
baoare.

18. Resolder the center conductor of the antenno connector back to its spot on the
circuit baard.

Mote: There is o gop between the antenno connector center-pin ond the solder spot
on the board that might be wery difficult to fill with solder without excessive heat
ond contoct time. 5o, poszition a small bore wire ghout 3/14" lang across the gop and
then selder. There had been just such a tiny wire present there when you desaldered
that spot, but It prabebly got lest in the shuffle and you may not have noticed ir,
anyway.

1¥. Resalder the interconnecting ground wire removed in Step 7.

20. Replaee the reor cover, hinging it ot the top first, before swinging it down info
place. It will snop back Inta ploce with slight pressure opplied along its length on both
sides.
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21. FHeploce the battery pock ond the hattery coamportment cover.

27, Test the unit by progromming the limits B80.450 and BEP.FB0 MHz Inta rhe
“"sgarch” bonk., The set should be operational ocn these frequencies-- although It's o
violotion of the ECPA fo aoctuwally listen to ony of the cellular ealls; see the choprer
an "Scanning & The Low" and olso the one on "Cellulor Maobile Telephone - Explained.”
Alzo see the preliminary discussion given with the modification for restoring thesze
frequencies in the PRO-2004/2005.

MOD-17 3,700 Progrommable Channels for
The Realistic PRO-34 Hondheld Sconner

At first, | wasn't going to include thiz modification becavse it's tricky ond becouse
there iz so much thot could go wrong for o novice hacker. But, in retrospect, my
position is mot to decide whot someone con and connot do. You hove fo decide fer
yourself ond then reap the rewards or poy the consequences. Still, it is net
recommendad for those who don't have lots of experience ond know-how rcloting ta
circuits and how to work with them. Words to the wisc— 1 hope!

After laading my PRO-2004 with 4,400 chornels, | wos so elated ond proud of my
agccomplishrent that [ was proctically glowing for days. Then, after a few days, [
begon wondering whaot new waorlds there were to conguer. That's when [ reviewed the
Service Maonuval for the PRO-34 ond dizcovered thot this fine hondheld scanner wsed
the identical SRAM memory chip (TC5517CF-20) used in the PRO-2004/2005. How's
them opples? My ropidly-opprooching depression immediotely reversed gears os it
occured to me thot moybe there was o woy of odding lets mace chanmel spoce to the
FRRC-34 by the dorme rowts used [ the PRO 2004

The next day was filled with plonning ond preparation, catologs, spec sheets,
schematics, ond calculations. Mo woy wos this going to be easy. Looking bock now, it
is possible thot on enterprising hocker could rmoke o simpler ond more oesthetlc
project of it thon [ did. Mevertheless, the job wos o complete success, and the results
[although not on a por with the PRO-2004/2005) were worth the trounle. But then, I'm
o rather dedicoted and terally committed communlcations buff, se 3,200 channels in
my hordheld scomner Is a definite aszet!

A exbarsal vlew of the FRO-34 et op for 3,200 chennal
pperation. The exdenal cabie boendle (and the kannary Zhop)
tan przbsbly br wired snd roubzd inkzonally 7 poo acs
wiling to use exkerral cower a~d forget ore oabiere cack.
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Thirgs are & bL cramped side the metal box, but pesfeclly
workable, The 2M-wirs bunde is muted oot bhe opeosite st
of the box [mat shownh

| noted that the results were not on o par with the PRO-2004/2005 mod for 4,400
chammels. 1 said this with good reasen, and it's not because you're going te get only
half the number of chonnels. See, the PRO-34's CPU chip (like most CPL) chips) has o
small memary bonk of Its own called Rondeom Access Memory (RAML It's not much,
but eertaln keyboard progrommable infermation is stered in the CPU's RAM. In the
case of the PRO-2004/2005, “prierity” ond "speed" hoppen to be stored In the CPU's
RAM. Fortunately, "ssarch limits," "manitor chonnels,” "modes” (AM, NFM, ond WEM),
"lockaut," and "delay" ore all stored in the 3RAM chip. Thot's wendarful, because it
permits custom progromming of all these functlons from one bloc fo onather, eoch one
totally unigue from the others.

Mot so in the PRO-34& which relies on the S3RAM only for pregrammed "scon
frequencies. All the good keyboord stuff is locked up in the CPU's RAM. 50 what this
means is if you could add o 254K SRAM to the PRO-34, all you're golng fo get out of
it are a piddling 3,200 channels. [Piddling???) MNow let's say you select the first bloc
of 200 chonnels ond set "delay" for Channel 3 ond "lockout" for Chaonnel 7. Well,
Channel 3 for the remaoining 15 blocs of 200-channels will also have the "deloy" set,
and oll 16 Channel 7's will be locked cut! Mind you, we're not losing anything here;
there is the gain of 3,000 more progrommable chonnels-- and thaot's rother owesome in
Itself. Just aeeept the foct thot when you custom set a given channel in the PRO-34,
then all 14 blacs of thar same channel number will be set up for "deloy" or "lockout."
Furthermare, you'll still get only 10 "menitor" chonnels ond one “limit search" bond,
since these, too, ore stored In the PRO-34's CPU RAM. If that's OK with you, then
let's get on with the halty werk focing us.

Preliminory Instructions. ['m met going to give the detoiled instructions here thot |
did for the PRO-Z004/2005. Yau con read these Steps of Procedure, most of whichk
would be repetitive here anyway. Since the stack memeory SRAM chips are identical
amaong the PRO-I004/2005 and the PRO-34, the wiring connections will be identical.
The required 234K |'“_'|1-|p arnd the Extended Memary Boord ore also identicol. In 'Fnl;.i,
there are only a few differences for between the PRO-34 memaory madifleotion ond
the one for the PRO-2004/2005. These differences and keynctes only will be polnted
out, Refer bo the photoprophs for this modification, ond that should be very wseful--
ﬂE:hE;EJE:*.j:ppJ}' the discussion ond instructions in MOD-14 for the PRO-2004/2005 to
the -3,
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PRO-34 3,200-Chonnel Discussion/Instrections:

1. Read all the infermation for MOD-14 becouse much is explained there that
applies hare, toa.

2. Use Figure 4-14-1 (wirlng diogrom) and the detalled Instructlons far fobricating
the Extended Memory Boord whean you work on rhe PRO-34.

A. In the PRO-34, the circuit symbol of the TCS517CF-20 SRAM memory
is 1C-2. In the PRO-2004 it wos called 1C-504, so substitute "[C-2" in Figure
4-14-1 {wiring diogram) where ever reference is mode ro IC-504. OFf course,
the pin numbers do not chonge.

3. Use Tables 4-148-2 (parts list) and 4-14-3 (tools and materials list).

A, Fobricate the Extended Memory Boord in accordaonce with instructions
givan in MOD-14 far the PROD-Z004,

B. Far the PRO-34, the Ewtended Memory Boord [EMB) will have tea be
mounted cutside the rodio. That, or else install it in the bottery compartment
ond then use external botterles aor on outslde power source. If vou declde to
instoll the EMB outside the rodio, you'll need a small metal box in which to
enclose the EMB. Add thot box to your porfs list, together with some small
machine nuts and bolts (Radic Shack #44-3011 and #44-3018).

C. The metal bax chan be mouvnted on the bottom-end of the radio, provided
yau offset It just a little toword the front side of the radie so the battery
compartment lid can still slide off. {The radle can still be stood up on end
this way). The metal box con be mounted with twe #4-40, 1/4" long mochine
screws ond nuts. Drill the twe screw holes through the bottorm-end of the
rodio inte the bottery compartment. Position the two holes so thot the
battery pock dees not hit the screw heods when it is inserted. The bottom
edges of the battery pock are rounded, so this won't be o major problem. The
rounded edges will clear the screw heods if the screw holes are positioned
deep enough inte the bottom-end of the rodio.

Two mating holes will have te be drilled into the metal box such that
the box will be offset toward the frent of the radie, te give cleorance for
the battery lid to be slid on and off the boek.

Meount the EME inside the metol box using spocers or shims ond o
mochine screw and nuk.

The d-segment DIF switch should mount on the front side of the metal
bacyat.

B & cUTER ROW

INNER RiOMW|:
HIDDEM

&1 wiring af Lhe Extendad bMemory Board in bhe
ERD-30 [5 done at she pins af 1C-2. wiie up tha
InneT raw af pins oefore the oufer cow.




Aooess Fole o the PRO-34 Tor the Extesded
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Review the photas far ideas on haw te route the wiring bundle out of the
metal box and into the side of the PRO-34.

4. In the PRO-24, becouse of micro-minl printed circwitry, thers ls ne alternative
to soldering the 24 wires from the EMB directly to the crigingl selder pods where IC-2
will be removed. In the PRO-2004, we soldered the wires te unused solder pods, but
we don't have thot spoce luxury in the PRO-34. This does nat pose o severe problem,
but there is no other alternative. 1C-2 hos to be removed ond the 24 wires from the
EMB rmust be appropriately soldered to 1C-2's 24 pin pods.

5. Use the disossembly procedures given in MOD-18.

4. Since the wiring bundle from the EMB must enter the rodle on the left side os
you foce the rear of the PRO-34, a hole must be made on the side of the rodio. Mot
only must a hole be cut in the side of the plostic cose, but a matching hole must be
cut In the Internal metal shield cover (which you will encounter when the scanmer is
dizassemnbled). Actually, this isn't difficult and 1t looks pretty good {see photos). | wsed
a "nibbling tool" to cut motching rectangular zlots in the plastic side of the sconner
ond in the internol metal shield cover for the wiring bundle.

7. Remove IC-2 from the CPU gnd Logie board using standord desoldering
techniques and relevant instruction:s glven for the PRG-Z004 memory modificaotion.

8. Instoll the metol box on the bottom-end of the PRO-34. Install the EME inside
the metal box. Instoll the 4-segment DIF switch on the front of the metel box. You
con wse on Bepin DIF socket just like that specified in MOD-14 for the
PRO-2004/2005. Wire the d-segment DIF switch {or its socket] to the EMB boord per
Figure 4-146-1. Route the wirlng bundle out of the meral box through o hole or slor
appropriately prepored. Slip on ot least five half-inch lengths of heat shrink tubing
over the wiring bundle. Use o rubber gremmet os an exit for the wire bundle to poss
through the side of the metal box,

¥. Route the wiring bundle inte the side of the PROC-34 through o rubber grommet
placed in the slots or boles cut for thot purpose ond pre-dress (meosure, clip, strip,
and tin) the wire ends for socldering to the pods where IC-2 was removed.

The wirlng bundle should be pulled faicly tight ond forcad inte o shorp 70° bend to
enter the side of rhe rodio.

You must solder the ocppropriote wires to [C-2's solder pads, pins 13-24 first--
before salderlng wlres o pins 1-14, otherwise you won't be chle to occess pins 13-24
because they'll be covered up.
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salder the 24 wires from the EMB in occordonce with Figure 4-14-1 te the now
vacant solder pods where 1C-2 had been located, pins 13-24 first, then plns 1-14. Use
a strang magnifying lens and o bright light te closely inspect all 24 pins where they
are soldered. Make certain there ore ne loose conmections or short circuits between
pins!

I0. Reassemble the radio using the steps given in MOD-18.

11. Refer to Table 4-146-4 for Initlal pregramming of the bloc identifiers, but use
00,0, 701.0, 702.0, etc. since the PRO-34 will not occept 1000 MHz. Use the general
test procedures given for the PRO-Z004 to test the 3,200 chonnel memary of the
PRO-34.

12, Mow you've completed this madification. Enjoy your PRO-34 with a fealing of
pride ond occomplishment, How mony other 3,200 channel haondheld sconners ore
there? Mot too many— for all we know, only twa, yours ond mine! Congratulations!

MOD-20 Restoring Cellular Frequencies in
The Uniden/Bearcat BC-PS0XLT

What follows will liberate the whole 804 to 754 MHz bond, which includes cellular,
business band, public safety, ham rodie frequencies, and more. You'll need a phillips
serewdrlver, fine-palnt solderlng iren, resin-core solder, and o flne-point cutting tool.
Cuticle scizsors or small diagonal cutting pliers will work. But remember, If you mess
it up.d '-.Lnidr.r! doesn't recommend moditicotions to their eguipment, and your warranty
15 voided.

1. Maoke sure the scanner Is disconnected from Ifs power source. Remove the 4
screws holding the bottom cover.

Z. Remove bottoamn cover carefully, protecting the speoker wires.
3. Find microprocessor chip (64-pin IC at front of board).

4, MNote the indented dot thot morks Pin 1; count along that row te Pin 20 and cut
it loose ot the board (not ot the IC body). Bend Pin 20 vp a little so it con be worked
wel th,

3. Solder o bridge at the chip between the clipped Pin 20 and Pin 19.

4. Reconnect the power to the sconner. Turn it on ond progrom in o freguency
betwean 804 ond 754 MHz to confirm operotion. If yow et no reception, especiolly
between 851 ond 844 MHz or 870 ond 870 MHz, check for accidentol sclder bridges to

other pins or an incomplete disconnection of Pin Z0. And oway you go!

Mote: If all else foils, remove the "bridge" you soldered between Plns 1% ond 20 in
Step 5, and test the sconner per Step & ogaln.

Final Mote: The "search" sfep increment will probobly be 12.5 kHz, which would
conform excctly with FCC frequency allocotions in this range— except for the cellulor

bonds where the chonnels ore spaced at 30 kHz increments. Receiver selectivity
should be sufficiently wide enough so thot you won't realize the difference.

MOD-21 Restoring Cellular Frequencles in
The Uniden/Bearcot BC-200/205XLT

Agaln, Uniden deesn't recommend or endorse medifications to the innards of thelr
scanners. If you could core less, you will need o smoll wire cutter or clipper ond a
small phillips screwdriver.

1. 5lide off battery pock.

2. Remove the two screws from the rear of the scanner and the two screws that
hold the battery retaining spring at the bose. Then remove the spring.
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3. Corefully pry the bottem of the reor cover from the scanner and remove the
EOVET .,

4, Locate the two small screws af the baose of the circuit boord and remove them.
Gently pull the front ponel from the mein frame at the bose and seporate them.

5. Locate the microprocesser chip {marked "Uniden UC-1147") and the 10K ohm
(browm/block/orange) leadless resistor located just obove the letters Tdan of "Liniden"
an the chip.

é. Snip the resister bady in half with the small wire cotters. Toke pains to owveid
disturbing anything else in the vicinity, If the left solder pad comes loose, peel it off
the beard. Brush or blow oway ony residue. The resteratlon Is complate.

7. Reassemble: Insert tep of the frent panel into slot wnder the volume/squelch
control pamel. Corefully noting the alignment of the dual in-line connector ot the
bottomn of the board with the mating socket, press the front panel firmly inte ploce.
Be sure that the holes at the bottom of the circuit boord line up with the holes in the
plastle stondaffs below them.

8. Replace the rear cover by inserting the top of the cover inte the slot under the
volume/squelch control ponel; press cover info ploce. Insert and tighten the screws.

9. Reposition the bottery retoining spring (slotted side toward notched hele). Insert
the twa remaining screws ond gently tighten them.

10. 5lide the bottery pack into ploce. Switch radls on to moke certain the display
comes on. If not, the battery may be dischorged or the dual in-line connecter wos
misaligned diring reassembly (Step 7). Assuming that the display comes on, press:
Maonual : B45.0 : E and within o second or twa, B45.000 should oppear in the display.

Mote: It should be pointed sut that you might not have to octually go through
Steps 1 through 10 since you con probobly just toke o stock {unmodified) unit ond try
receiving on the deleted frequencies via imoges— as described earlier in this book. Try
adding 21.7 MHz to the deleted frequency, ond then progromming in the higher
(image) frequency. For instonce, if you progrommed in 708.840 MHz, reception of
cellular frequency BB7.140 MHz would occur, and with paossable quality. So, on
frequencles progrommed In thot lie cbeve the deleted bond ond below 715.70 should
produce reception on the bonds that were delated. It's warth a ey, dnywoy!

MOD-22 Restering Cellular Frequencles in
The Uniden/Bearcat BC-760XLT

If you are not concermed that Uniden dees nat recommend or suggest Internal
maodifications to their sconners, and will cut you adrift frem their warranty protectien
pregram if you go cheod anyway-- then you con free up the repressed B4 te 754 MHz
coverage In the Bearcat BC-740XLT scanner. You will need a phillips screwdriver,
fine-point soldering iron, rosin-core solder, ond a fine-point cutting tool such as
cuticle sclssors or small diagonal cutting pliers.

1. Discannect scanner from its power source. Remove the 4 screws holding the
bottam caver.

2. Corefully remove bottom cover, protecting the speoker wires.
3. Find the microprocessor chip (é4-pln IC ot front of boord).

4, Mote the Indented dot that maorks Fin 1; count olong that row to Pin 20 ond snip

it loose at the board (not ot the IC bady). Bend Pin Z0 up a little. Test the sconner
now per tep 5 for desired operation.

Mote: Some sources repart that this cempletes the meodification. If, however, 800
MHz reception isn't restored, complete Step 44 below ond test the sconner per Step 5
again.
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44, Solder a bridge of the chip between the clipped Pin 20 and Pin 19.

5. Recannect the powsr ta the scanner. Turn it on and progrom 880.030 MHz to
conflim eperation in the BO0 MHz band.

Mote: I eperatien wasn't restored, check for cccidental sclder bridges to other plns
or an incomplete disconnection of Pin 20. Thot should find ony problems. The scanner
wlll prebobly search ot 12.5 kHz increments, which should prove suitoble for reception
threught this frequency runge despite the fact that some stations may be centered
slightly "off center” freguencles.

MOC-23 Automated Search & Store Fuonction for
The PRO-2MM ond PRO-2005

This is o nifty ond useful oddition to the functions of o PRO-2004/2005, but | con't
tell you how ta build it. There are twao reasons why | con't provide the full ond
complete hocker detoils:

A, | don't know how to build it myself.

B. Design ond construction of the modificotion boord ond circuit is the rightful
propecty of a compaony.

But, fret not. [ con still tell you obout this, ond let you know where to contoct the
company that offers this circwit.

A clever engineer has developed a small circuit boord (sold in fully constructed
ond tested form) that allows your PRO-2004/2005 to "limit search" or "direct search®
o bond of your choice ond then outematically stores detected frequencies into the
"monitar" channels, one ot a time. What thls meoans s that you con pregram and start
o search band and then go to bed or to work. As the search functlon defects and stops
ol an octive frequency, thaot freguency Iz autematically stored in o "meniter” chonnel,
and the "monlter” chomnel number cdvances by one-- then the seorch outomaticolly
resumes until the next octive frequency Is detected. This is a fully outomatic process
that needs no attention frem the eperatar.

Latar, when you return, the new frequencies can be tronsferred to the permanent
memaery chonmels in the usual manner. The searchf/store module helps you find new or
rarely wsed frequencles that would otherwise remain undiscovered for lock of the
patience or the time to search out monually.

This module comes ready to install. Installation is simple {complete instructions are
provided with the module) with B wires to sclder to ecsily occessable points. No holes
ta drill, no wires to snip, no circuit patterns to cut. The instollotion took me obout

The key Bereamh module #5545 Sparch ang Store
Moouie Insbelled, Tucks away nestly behbrd the
seyboaid. Al ditestiong are sopplied with the onik.
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ten minutes-- but only becouse I'm super-careful and extra-critical of what | do. Mesr
people would probobly do it in less time.

Operation of the module is all via the keyboord {ot the touch of a key) and can he
activated or stopped at ony time. All other operations ore narmal and Intact. Se, it's
really much os if it came os o foctory feature of the sconner. The module {(called the
53-45) carries a 30-day "no questions" return guarantes, and o FO-day warranty against
defects in parts ond workmonship. At press time, It wos prlesd In the 525 bollpork,
but you might wish te inquire of the manufocturer of fhe cureenr price and
avoilability of the 55-43 (if you enclose o self-oddressed, stomped return envelope, I'm
sure it wlll be oppreciated). The monufacturer is:

Key Research Compony, P.O. Bax 3034, Cary, MNC 27511

The maonufacturer odvises that o secand (more powerful) version is in the planning
stages. Colled the P3-70, it will have twe meodes of operation-- that of the 55-45, and
@ 2nd model that will store octive "search” mode frequencles in the seonner's maln
channel mamery. You could seleer (vin an internal DIP switch) anywhere from 10 to
255 of the maoin memary channels ta be alloceted for "search" storoge. The expected
retoll price Is In the 545 areq.

Either unit would match up well with MOD-16 In this book, the 4400 memory
chonnel modification-- or you could just uwsa it with o 300 or (modified) 400 chonnel
PRO-Z004, or stock PRO-Z005. 1 have no commercial ties with this menufacturer-- 1
just thought you'd like to know obout their useful ond interesting module{s).

MOD-24 What The Future Holds in S5tore for Your
PRO-2004, PRO-2005, & Other Sconners, too!

The ane with the answers is you. You ore the customer wha must proclaim what
you want in your scannec! Mecessity (and more often thon not, demand] is truly the
mather of Invention. When you state what you want, then scanner hackers are inspired
ta theorize, hypothesize, and syntheslze in order te develop what you wont., Then the
results come aut In the hebby media-- including Popular Communications, Monitering
Tirnes, elub newsletters, ard in this book. Monufacturers get wind of whaot we are
doing ond conjure up new models that incorporate oll of these neat ideos. By then, you
have maore feotures you want, and the cycle repeats itself.

Hove an idea for some feature yeu'd like to see in o sconner? Call it to somebody's
attention! Deon't keep it all to yourself, or else it will never boppen-- or else someone
else will think of it and becoms farmeous while you walk araund muttecing bow you
thought of that some thing six months earlier!

I'd like re think thot this book will be only the first of many more. Whether or not
this 1s @ Serles of 1, or 2, or 5, or more depends sclely en you, and in two ways. Flrst,
you have te buy the book-- and you've aolready done that. Second, you have to
eontribute ldeas, wish lists, opinions, or the results of your own experimentation. Yeu
are cordlolly invited to send details of your sconner madifications re me and when we

gt enough of o response; ['ll assemble what we have inta Volume IL Of course, if
there is a tiny response, then it might not hoppen unless maybe | have a flash of
imsight ond inspirotion from UFQ's or some Ancient Masters of Wisdom floating arcund
out there on the Cosmic planes. Mot that I'm knecking insight-- there was a time {not
all that long oge) when everybody wos wondering if there were ony medifications that
could be done to o Reclistic PRO-2004 beyond restoring the cellular fragquencies. Then
it was discovered thot the memory could eosily be increased from 300 re 400
chonnels, At that point, the realization came that it was enly the beginning! A number
of clever hockers were inspired to come up with mony more delights.

Now here Is my own personal "wish list® for the future. Let's not cell it o
prediction of things to come since | might be too for out in left fleld for these to be
practical.  Se, they are my “dreom" medifications specifically for the PRO-2004/2005,
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but the list reclly opplizs to any medern, stote-of-the-ort sconner. I'm not hung up on
brand pomes, just on whot the sconmer eon and connet do. Accordingly, the
PRO-2004/2005 here are representotive of o much larger concopt where thers aren't
any brond nomes [yet),

Wish List for Future PRO-2004/2005 Modificotions:

1. Hove you ever progrommed severol hundred channels ot o whack, Time
consumlng and tedious, isn't it? In the era of the computer, where hem radios coms
with computer Interfaces, why not on R5-232 interfoce for the PRC-2004/20057

Particularly needed is o simple Interface ond seftware so thot you can type into o
computer o series of chonnel numbers ond frequencies, dlang with customized settings
for mode ond deloy, then hit a butten ond have all of the daota outematically
transferred inte the scarner's memory.

2. Whot obaut o programmable calculater similor to a Hewlett Pockord HP-41CW
built in or interfoced to the PRO-2004/2005 for computationol copaobility os well os
guick progromming ond changes in progrommlng?

I know on engineer who built on interfoce for an HP-£1CY to contrel his [COM
R-71 and R-7000 receivers. Could it be done with the PRO-2004/20057

3. Hew obout o wideband, low noise preomplifier for the PROC-Z004/2005F Hay,
don't jump down my throat! Mo such onlmal exists, if we're tolking about a real "low
noisa, widebond"” preamp! And, I'm talking about o prearnp with o bondwidth of 25 to
1300 MHz with o Moise Figure lesz than 1.0 dB and a gain greater thon 10 dB, and ane
that doesn't go freoky over strang signaols.

Thare are severol widebond sconner precmps on the mocket, Dot they ars wsing
bipolar tromsisters or MMIC aomplifiers which ore inherently nolsy and don't affer any
sigaifleant Impravement aver the total spectrum ovalloble to the PRO-2004/2005.

What's called for here is o wideband preomp built around a gaollium orsenide field
effect transistor {GoAsFET), since it is inberently o low roise devies. GoAsFET's hove
been used for mere thon o decode in norrow-band, low-ncise preomps, but rorely for
widebond preomps. You will cecoll from elsewhare in this book that Goin increases angd
Moise decreasss when bandwldth je norrowed. Conversely, o bandwidth Increoses, gain
drops and noise increosss,

Just remember this befare you tout what wou think i= o frue low nolze, wideband
preamplifier, o real one will octuolly increose the signol-to-noise rotio ocross the
entire band avoiloble to the receiver. This is to soy thot when you heor o weak, noisy
signal ot 50 MHz and then turn on the preamp, the noise should decrease while the
signal volume and clarity should increase. Thot wery some preamp should sccomplish
the same thing egually ot 100, 500, 100G ond 1300 MHz without any retuning or
manuol control. As T soid, it probably doesn't yet exist, but I'd llke ro heor from the
person who claims te have one! If it's for peal, 1Yl try to help him to fome and
fartune-- if he eor she isn't olreody weaolthy! A "dreom" precomp for seonnists [s

autlined [n Toble 4-24-1.

4. I'm ofrald that this one 1= going to need an external converter, but whot about
the teception gap from 5I0 te 740 MH=z7? Sure, these are UHF TV chonnels, but recaoll
that enly a few yeors age the FCC lopped off UHF TV Channals 70 to 83 [BDL to BF0
MHz)} ond turned it over to cellulor ond lond mobile communications. Alse several
lorge metro areas were told thot they could vse UHF-TY Channels 14 ta 21 1470 to
518 MHz) for two-way rodie services (UHF-T bond]. %o wheo's to say that somedoy
the 520 te 740 MHz spectrum won't have chunks given out to vorious two-woy
services? Let's foce it, the UHF TV chonnels are underutilized and sach one of those
juicy [ MHz-wide) TV chonnels con eecamedate o large number of 12.5 kHz-spoesd
MFM two-way rodio chonnels. Mony two-way users are screaming for more spectrum--
these frequencies ore ripe for plucking—- but sconners don't receive them (yat).
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Table 4-2Z4-1

SPECIFICATIONS FOR AN IDEAL SCANMNER PREAMF

Moise Figure: Less than 1 dB over the bandwidth

Gaimn: 18 dE or greater over the bandwidth

Bandwidth: 25 MHz - 1288 MHz

1 dB Comressiant 28 dEm or greater over the bandwidth

Z2nd Order Intercept: S8 dBm over the bandwidth

3rd Order Intercept: 33 dBm aver the bandwidth

Fawar Requirements: 8 - 15 VDL at less than SO ma, coaxial fed
with DC blocking

Mechanical: Weatherproof, rugged, mountable at antenna

Cthers: Selectable bypass (OnsS0FfF or InAOuktl

Frice: Less than #150.08

5. Here's yet aonother tough (but not Iimpossible] cne-- how agbout the built-in
copobility to recoive single sideband (55B) signals in the PRO-2004/20057 About all it
would require is g sfable Beaot Frequency Oscillator (BFOQ) externally tunable slightly
above and below an IF frequency. & product detecter or boloneed demoduolotor would
be o better approech, but even o BFOD is better than nothing.

4, How about on slectranic RF gain contrel te eliminote that unaccessoble "ATT"
switch an the reor ponel of the PRO-Z004,/2005% Sconners should hove the easy obility
te knock down the streangth of streng Incoming signals. Why Radio Shack decided to
stick the "ATT" switch where {F's virbeally wieless, 1'll never know. It needs to be on
the fromt porel if it is to be of any value of all. And It would be nice to have an
mnalog contrael with o ronge of 20 8 (or more). Batter still, would be an ottenuation
range of O to -47 dB thot s programmeble in 3 dB steps on o per-channel basis like
the mode and delay fectures on the PRO-2004/2005.

7. Let's push For foster secom ond search speeds. While 25 to 30 channels or steps
par secand isn't bod, let's keep In mind that the Uniden/Regency Information Radio
scanners bave o feature called "Super Turbe Secon 1" thot races through the chonnels
ot 40 te 100 per secend! What limits the PRO-2004/2005 to 30 per second? It's
moparent that the technology hos been developed ta double or triple this speed. What
ecan bhe done fa maove the PRO-Z00472005 sut af that limitotion?

B. How about a "Center Tuning Meter" that indicates the precise center frequency
of a received signal? Or, at least which directlon (high or low) the received frequency
oztudlly 57 Even o horizental 5-segment LED would be useful with the center
segment fo Indicote center frequency omd the twe on elther side to perhops indicote
=2.5 kHz ond +5 kMz, respectively.

?. Mew and improved "5" meters are alwoys something we'd lilke to see. Even an
LED borgraph "5" meter would be better than nothing. [ hove heard obout some LED

=" mefers out ond arcund for the PRO-2004/2005, =o maybe somecns who hos o
circuit for one will send it olong.

10, Here's on idea 1 hove been working on with no success-- an indirect lighting
scheme for the keypod of the PRO-2004. It's got te look good as well az belng
functional. Sure, you con alwoys use a flashlight, ar brighter room lighting-- if light is
all that is wantod. But it should be more, like maybe a couple of mini-lamps wired
inside the front panel with slots cut in the recessed sides of the keyboord rectangle.
The eritical thing is thot direct light from the bulbs should not be wvisible to the
operatar. That wauld run the eperotor's night vision ond olse the aezthatic oppeal of
the rodia. Built-in, Indireet, low-level Humonation of the keyboord 15 the abjective.
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11. Whot about o spectrum scope on a CRT, like in the new ICOM [C-RFPO00
shortwove communications receiver? It would indicate all signal activities within o
switchable range of frequencies ohove/below the chaonnel you're menitoring. With one
an your scanner, you could monitor one frequency ond then viswally watch oll nearby
frequencies for associated octivity that might howve snuck by you unnoticed.

Write to me. K, so there ore some of the wishes [ heve, and now [ invite you to
odd to thot list. Or, maybe you've beord obout a salution to something on this list, o
something else mew and wondecful for the Reolistic PRO-2004/20053 or other modern
scanners. If so, pleose share the information with me. [ welcome  your
correspondence-- and if you include o self-aoddressed, stomped envelepe ond one loose
extro stamp, your letter will get put neocr the top of the stack of those to receive o
timely reply. Pleasa direct aoll correspondence to me as follows:

"Doctor Rigormortis,” Coemmtronics Engineering, Communications Deportrment, P.O.

Box 242478, 5an Diego, CA FZ1246-0747.

MOD-25 If You Con't Do The Work Yourself, or
Con't Find The Parts & Materials

Thizs book i3 designed to moke it os eosy ond inviting as possible for the overoge
wser ta da the modifications himself or herself. 5till, there might be a number of
reasans o persen con't or deesn't wish te do the modiflcations in thet manner. Or,
parhaps a person would very much lke ta do the madifleations, bur there is diffleulty
in tounding wp all of the parts, rools, ond other maoterlals. Don't fret, there ore
several opticns to pursue.

Con't do it yourself? My first recommendotion is thot you toke this book to o
competent friend or local communications shop and ask them to do the work for you.
There aren’t too mony professional fwo-way communicatians service shops that con do
this kind of worlk profitobly, so you might start off by osking around of sheps that sell
and repaoir CB sets ond scomners. A professlenal two-woy commonieations shep may
produce top guality work, but they'll probably toke longer ond chorge more for the
job. But, perhaps you haove a friend whe con perform the weark [n o prefessional
monner for a lot less, or for nothing more than the cost of the parts.

If you strike out with these opprooches ofter several tries, my own service shep Is
ovoiloble to work with wyou on @ mall-order bosis. We hove done this type of
mail-order technical service since 19735, offering relioble wark with a shart turmaoreund
time, and ot a reasonable cost.

While you con ship your equipment toe us at any time, it iz recommended thaot
before you ship ony equipment, you first write and explain what equipment you hove
and what work you want done. Give us as much informaotion as you con. We will
provide o timely written gquototion or estimate along with the latest of any ovailable
information relative fo your needs. If ond when eqguipment iz eventuolly shipped to us;
it is best to use United Parcel Service ground or Znd doy air {depending on urgency),
and be sure to insure your shipment ot por value,

Commtronics Engineering offers full repair, custermn modificotion, design oand
engineering sorvices for indusftry, ond for hobbyists in all oreas of electronicz and
communications. We draw o lre only In that our waork will not turn egquipment into
anything illagal, nor will we vielate any lows or regulations-- plecse do not ask us ra.

Address all inguiries to only the following oddress: Commtronics Engineering, P.O.
Box 262478, Son Diego, CA ¥2126-0F47.

If Yov Can Do The Work But Meed Ports, Materials or Kits. By and lorge, we con't
obtain ports and maoterials any cheaper than you can if you shop oround. We do incur
considarable extra expense in the purchose, testing, stocking, bendling, pockoging, ond
reshipping-- ond thot must be passed olong when people purchess the ports frem us.
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We aren't In the "ports" business anyway, so it's highly suggested that you attemnpt to
procure the necessities on your own {ond we hove listed Rodio Shack cotolog numbers
wherever possible to make this convenient for you). But, if you just con't locate
needed compenents, Commtronics Engineering can supply them at cost plus a small
margin for expenses ond shipping. For MOD-4, MOD-14, arnd MOD-17, we hove
preassembled ond tested clreult boards avallable If you doan't wish ta construet them
yourself. Various components ore avoiloble for most of the maodifications shown in
this book. Send a list of what you reed, ond o stomped, self-oddressed return envelope
with an extra loose stomp and we'll provide you with current aveilobilities ond prices.

Address aoll inguiries to nnl:f the following oddress: Commtronics Engineering, P.O.
Box 262478, 5an Diege, CA 28-0%4%,

Mo text, diagram, photo, modification, technique, methad, precedure, or
product in this book should be construed to imply any endorsement whatsoever
of this book by any manufacturer of scanning receivers or related products.
Meither does the mention or depiction herein of any commercial product or
service indicate or imply any connection with, recommendation, or endorsement
of those products andlor services or their manufacturing. Importing, service,
or sales/distribution companies or agents by the auther andior publisher of
this book.
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QEfck—FFnd Reference Guide

Periodicals

Papular Communications, 76 North Broodway, Hickswille, NY 11805
Manitoring Times, P, Bax 94, Brossfown, N 28907

Popular Electronics, 500-8 Bi-County Beulovord, Formingdale, NY 11735
CQ Magazine, 76 North Hroagdway, Hickswille., NY TI807

73 Mogozine, WGE Cenler, Peterboraugh, NN (01458

scanner  User Groups

Northeast Scanning News, 212 West Brood Strecl, Poulsboro, NJ 05066
Rodia Wonitors Newsletter of Marylond, P.0O. Box 389, Haompstead, MD
R

Publishers of Frequency Direclorics

CRE Research Books, fnc., P.O. Box 56, Commack. NY 11725
Universal Amoteur Rodio, T280 Aido Dr,, Revnoldsbura, OH %3068
Gilfer Shortwave, 32 Park Ave., Pork Ridge, NJ 07858

Grove Enterprises, P.0O. Bpx 98, Hrasstown, NOC 289072

The Author of This Book

Hill Cheek, Commtronics Engincering, P.0. Hox 262478, Son Diege, CA
92726

Whern writing te gny of the above, please mentlon thol vou got their
name from the Scanner Modificotion Hondbook, They'll approciole it
aJrnd so owill o we! Thaonks!

Now There's A Big 220 Page
Scanner Modification Handbook, Volume 2
With 18 More Great Mods-- Complete With Photos
& Easy Step-by-5tep Instructions! Volume 2 Also

Contains PRO-2006 Mod Info For All PRO-2004/5
Mods Given in Volume 1!

Ask For It Where You Obtained This Volume--

Or Contact CRE Research If Unavailable There!
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Seanner Modification Handbook

in this unique hahdbook, communications experl Bill Cheek provides
straighttorward step-by-step instructlons for expanding the operaling capabilities
af VHFIUHF scanners. Using easily avaflable elactronic workbench tools |sofdering
gun, wire cutters, etc.], the average scanner awner shoold be able to open up
the potentials of the most popular current scanners - primarily the Realistic PRO-
1004 and PRO-2005, alsa the Realistic PRO-34, EBsarcat BC-950-XLT, BC-=
200/205XKLT, BC-760XLT, and Realistic PRO=-Z0Z1. Many modificalions arfe adaptable
to additional scanners.

These maodifications restore blocked-out fregquency bands, speed up search and
scanning rates, improve squelch operation, improve headphone & tape recorder
outpul audie guality, intorface wour scanner with your shortwave receiver, protect
against eguipment damage from electrical surges, add an automatic tape-recorder
VOX feature, disable the annoying programming "beep," Increase the number of
memory channels in a Realistic PRO-2004 from 300 too 400!, Another modification
takes a Realistic PRO-2004 or PRO-2005 and gives it an amazing 6,400 channel
memery . A& similar modification provides a Realistic PRO-34 handheld scanner with
1,200 programmable memory channels!

This hook also provides you with loads of waluable insider scanner hobby Llips,
hints & kinks on anteanas, feedlines, connectors, preamelifiers, converters,
emergency  power supplies, as well as  frequency orgenization and managemert
technigques. A special chapter explains the inner workings and frequency plans for
typical cellular mobile telephone systems— complete with frequency charts.

Throughout, the book is filled with photos, tables, and figures fo make the text
as |nteresting and easy-to-understand as possible. Every scanner owner shouid
find the Scanner Modification Handbook to be a valuable and constantly useful
reference in many ways.

Aboaut The Acthar

Bill becams a |I:'gﬂr|-:£dr'|-' CB technician as "Oocter Rigermortis," however his talents heave spanoed the Toll
spectrum of  professicnel B hobby communications for 30+ years: Bill started as & teenage SWL G
pxpErimenter, Bul just before the Wik Nam érs ba was tralned as. a U5, RMawy slecironics  technician
spdcializing - i electronic sureeillancs, countermeasures, radar & oommunications. He datar developed &
faugng coursas at the USM's Amphibiows Werlare £ Advanced Eleciromics Schogls, alse worklnng with tha
U5 Boerder Patrol B Arizone Highway Patrol in the deployment af the nation's first eleclronic  borfder
surveillance sysiem: Chesk's civilian career devaloped inte o bench repair, design. & field maintenance of
varigus types of syatems, including CB, ham, land mebile, SWL, E szanmers. He has zlso suthored technical
features appearing In Popular Communications, Mosiloring Times, S9/Hobby Radio, Fox-Tange Hewslettar, &
othiers, From 19H3-88, Bl published e controversial Elewen Meter Times & lourpal, Bill has hald
membarshits inn many grougs, inéluding the REadia Club of America, the Instituls of Electrizal & Elzstranics
Crngincers, Associaied Public Safety Communicatians Officers, BEEACT., and pther professional and hobbyg
arganizations.

Since 1947, CRB Ressarch Books haos been the pioneor & leading publisher of
communications data & reloted materiol. Write for sur free cotolog:

CRB Resecarch Book)y,Inc,

P. 0. Box 56
COMMALCK, NEW YORK 11725

ISBN D-939780-11-1



