TEST POWER SUPPLY
VOLTAGE READINGS

SET VOLTAGE TO ABOUT 1V
A to B: OV, problam not on that branch. T,
J't0 K: 3m¥, galng In right direction.

K to L: OV, not on that branch.

K to O 8mv, going In right direction.

4
T w
O to P: 3mY, going in right directian.
IF A CURRENT-LIMITED SUPPLY IS UNAVAILABLE,
P to Q: 4mV, keop golng.

USE A SINGLE C CELL WITH A 30 SERIES RESISTOR.
Q to A: OmY, found i1l Shorted C151

12V SUPPLY BUS / ‘BOLDER BUS WIRE TO PRINTED CIRCUIT TRACE

DEVICE UNDER TEST

Figure 1. A simplified schematic shows steps to take In plac- voltage drop of a few milllvoits per Inch. A multimeter set to
Ing multimeter probes onto the board to find the short. Aithough its most sensitlve scale shows this drop easlly. Use the probes
the printed circult trace has extremely low resistance, only a

to find portions of the trace with a voltage drop and portions
few thousandths of an ohm per Inch, & 0.5A current causes a with no drop.

Aerotron ACSB° Technology

The Communication Systems Problem Solver!

Aerotron's Full Line of ACSB® Radio Products Provide

1 Clear Channel usage with no congestion 1 Communication privacy

4] Superior voice clarity in fringe areas [?] Increased coverage area

4] Narrowband modulation uses only 3.5 kHz BW Yl Data compatibile up to 4800 B.P.S.

Contact Aerotron today and investigate the many advantages that the new
narrowband 5§ kHz VHF channels provide.
AFEROTRON

A UNIT OF GENERAL SIGNAL
U.S. Highway 1 North P.O.Box 27500 Raleigh, N.C. 27611

(919) 872-4400 Telex: 579301
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radio communications systerm

GE [/ DIGITALLY TRUNKED RADIO SYSTEM

let you take control of an emergency?

When every second counts, your
ability to control and coordinate
emergency teams could keep a
disaster from becoming a
catastrophe.

Unfortunately, few of the radio
systems in use today provide the
inter-agency communication and
overall control you need to launch
a coordinated response.

Now GE brings you [6PLUST the
digitally trunked radio system that
lets you tie all of your public safety
and public service resources
together into an efficient, coor-
dinated response team.

Respond to emergencies guickly and
without coniusion.

With the I16PLUS system, you can
coordinate, regroup, and control
your resources—from a central
command point when necessary.
Police, fire, and other emergency
teams work fogether, and you stay
in command of the situation.

Improve every-dsy communications.

The 16FLUS system’s digital trunk-
ing technology increases the
capacity of your radio network. So
you can satisfy the communica-
tions requirements of all your
essential services—with the radio
privacy and autonomy each needs
to function efficiently.

Choose the system

that gives you & choice.

The 16PLUS system is a total com-
munications system, offering you a
complete spectrum of equipment.

Everything you need is available
directly from GE. But we don't lock
you into a sole-source relationship.
Our philosophy is to give you access
to the newest and best develop-
ments—from GE and from
other vendors,

The choice is yours.

Call GE for more.

Learn more about the radio sys-
tem that gives you the integrated
communications to take command
in emergencies. Call us toll free at
1-800-GE-12345.

GE Mobile Communications

General Hectric Company
Lynchburg, Virginia 24502
Circle (16) on Fast Fact Card
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-'To usa a multlmeter to trace a short
_circuit on the positive power lead in
‘a portable transceiver:

_ Solder a short piece of bus wire to
_almost any location along the
_ shorted bus. The prefered position
s near the center of its length.

TRACING A SHORT CIRCU!T

Connect a power source that sup-
plies about 0.5A current through the
bus wire and, thus, through the

short. The source could be a power
supply with a feature that limits cur-

rent or it could be a singie C-cell bat-

tery in series with a 30 reslstor

MCS — MVS — MPI
PLS — PSX200
MLS — TMX
PHOENIX — TPX

Factory Prices On

2-WAY
RADIO

MOST MODELS IN STOCK
FOR IMMEDIATE DELIVERY

800-233-2365 PA 800-482-2377
DEALER INQUIRY ONLY

Syntonic

7611 DERRY ST. HARRISBURG, PA 17111
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Some technicians still use the name,
VTVM, to refer to a multimeter, al-
though vacuum tubes have not been used
by multimeter manufacturers for many
years,

Today’s multimeters have one thing in
common with the old VTVM: extreme-
ly high impedance for measuring dc
voltages. It is not uncommon to find
multimeters with an input impedance on
the order of 20 megohms. What does
that mean to the technician? The mul-
timeter will not load the circuit being
measured, as a simple voltmeter would.
For all practical purposes, 20M{2 is
such a high input impedance that voit-
ape readings taken with the multimeter
are reliable.

But that does not mean you can meas-
ure all of the important voltages in a

Today’s multimeters have
extremely high impedance
for measuring dc voltages.

radio with a digital multimeter (or an
analog multimeter). When they stopped
building VTVMs, almost all of the man-
ufacturers who began building solid-
state multimeters left out an important
item: a 1M resistor at the end of the
probe.

The resistor is important if the meter
is used to measure voltage where RF is
present. For example, if you use ordi-
nary probes to measure voltage at the
base of an oscillator, the capacitance of
the leads usually kills the oscillation and
the base voltage drops to the non-oscil-
lating value.

Something similar happens when you
place the probe on any of the RF or IF
amplifier stages: The capacitance of the
probe loads down the RF and usually
upsets the dc value you set out to
measure.

The cure is simple. Wrap one end of




%unipase: Alert To The Situation.

Jeff Owuns Vice-President Engineering, ProNel Inc., shown here with Unipage System B0,

initially seeking improvement for the pro-
cessing of priority pages. The Unipage Sys-
tem B0 addressed our priority requirement
and improved system thru-put. In addition,
we got a redundant terminal system all for
the same dollars others wanted for priority
alone. The decision to go with Unipage just
made good sense.”

“Iwould recommend this paging terminal to
ANYONE that is looking for a reliable
system.”

Modular design for unlimited growth.

With over 50,000 medical related subscrib-
ers depending on ProNet, Inc. to provide
uninterrupted paging service Jeff Owens
had to be certain he was making the right
play. Jeff called on Unipage to carry the ball
and on super bowl day 1988 the System 80
was installed in Dallas Texas. . . no fumbles-
no missed pages. The final score was victory
all around.

In the search for terminal alternatives Jeff
was concerned about true expansion
capability of the terminal he selected. Ex-
pressing his opinion on Unipage . . . . "They
are continually able to integrate new features
with theirtechnology, and, do it as part of the
original design process. That is important
when you are looking at a new product . . .
any time you want to expand, vou don't have
to add a 'black box’ on to make it work.”

When asked how he viewed the Unipage
terminal when comparing it to the others he
evaluated, Jeff remarked ... “In relation-
ship to cost. there is no question that feature
for feature and dollar for dollar Unipage
stacks up number one.”

On service, support, and engineering Jeff
hadtosay...". ..itisreally an asset to have
a group of system engineers and technicians
that will sit down with you ... they are
willing to work with you iIn solving your
problems . . . Unipage is willing to do that.”

The single reason ProNet decided on the
Unipage terminal over all the others avail-
able . ... "ProNel provides high reliability
communication services to the medical
community. We went to the market place

Unipage ... a full featured ... software
driven terminal with all the features you
want. From alpha paging to networking to
all signalling formats Unipage is the termi-
nal of choice.

Develop a championship team . .. Unipage
and you . . . don't leave anything to chance.
Call or write for a capability evaluation.

Whether you are just getting started or you |
are looking for a competitive edge in your
market, Unipage paging lerminals provide
the most advanced technology available,
long term growth and expansion and a price
that you can afford.

THE STORY IS JUST BEGINNING . . .

UNIPAGE, INC.

1509 Falcon St. = Suite 101
DeSoto Tx 75115

1-B00-367-2684 or (214) 224-3509
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PLASTIC TUBE TS on ol
FAOM BALLPOINT
PEN

%E‘? BAND-IT*

- EVM.A. Cable Ties

For cable bundling on
communications towers and antennas

Eliminate expensive maintenance costs
associated with replacement of plastic cable ties.
Begin using Band-It® E.V.A. Cable Ties, specifically
designed for outdoor use on towers and antennas.

Plastic ties become brittle, crack, and often fall
off due to U.V. breakdown, cold temperatures, and
other outdoor weathering problems. Band-it® E.V.A.
Cable Ties provide permanent protection from all
outdoor conditions because they are made from high
strength, corrosion resistant 316 stainless steel
coated with Ethylene-Vinyl Alcohol * copolymer.

E.MA_ is U.V resistant, flexible in extreme cold,
corrosion resistant, flame retardant, non-toxic,
halogen free, and protects cables from potential
damage or interference due to direct contact with
the stainless steel.

Band-1t® E.V.A. Cable Ties are available in 4"
and %" widths, and lengths from 6" to 36". They are
fast and easy to install and are REUSEABLE.

Write or call for your free sample and brochure,

* {Trade name Levasint®, mig'ed by Bayer, W. Garmany}

BAND-IT®

BAND-IT — IDEX, INGC.

A Unit of IDEX Corporation

P O. Box 16307

Denver, Colorado 80216-0307 US.A.
Ph: 303-320-4555 Telex 45-0009
FAX 303-333-854%9

Cable BANDIT

and the name of the Band-It® distributor nearest you.
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Figure 2. Make your own test leads for tak-
ing voltage measurements on RF clrcults.
The parts you will need are a piece of
plastic tubing, some RG188/U and two
plugs that fit your muitimeter.

a resistor around the test probe tip and
use the other end to connect to the sen-
sitive circuit location. A resistor as
small as 100,0002 will avoid the loading
effect. One as large as IM£ would only
give you a 5% error with the typical
20M( input impedance found in today’s
test instruments. The 100,000Q resistor
is a good choice; the error it introduces
is only 4 of 1%, a negligible value for
any service measurement,

Custom test lead

You can make your own test leads for
making measurements on RF circuits.
The parts you will need are a piece of
plastic tubing, some RG188/U and two
plugs that fit your multimeter (Figure 2
above).

The handcrafted test lead is even bet-
ter than the ones formerly provided with
VTVMSs. The VIVM lead usually came
with a rather large pin holder assembly
at the end. The assembly probably add-
ed one or more picofarads of capaci-
tance. The custom test lead avoids ad-
ditional capacitance because the resistor
lead serves as the probe tip, and it is
clipped so it is only about 1/8-inch long.
The loading capacitance is truly tiny—
small enough to create little detuning on
the most sensitive circuits.

The resistor lead wears down after re-
peated use. But resistors cost less than
1 cent, so the operating expense on the
probe really is quite reasonable.

A future article will explain how to
use the digital multimeter to test diodes
and transistors, as well as a powerful
troubleshooting technique that uses the
diode test in conjunction with the me-
ter’s ohmmeter function.




FOR SPEEDAND
SIMPLICITYIN
CELLULAR
TELEPHONE
TESTING...

AMARCONI INSTHUMENTS

-

| MARCONI INSTRUI

S 1-1-K

Marconi's 2957 Cellular Radio Test Set S S= Al this plus...
drives you to the finish line while others L Neae] « Full cell-site simulation = Paraliel/

are warming up their equipment. serial/IEEE printer output ports
« Non-volatile storage of iocal

Just press a single buiton and i it s
inrtadiciohy Khow it de. madis : operationd parameters s Full
~ passes or fails. If in-depth tests are WETE SRR ; ol c?ccassorles "-“9‘""’ i
required, the powerful duplex i Inoluging:qiio brec box e
display of the Model| 2957 allows diskqnvalorsptugcysom sl !
monitoring of key firansmitter c:gg:::sb:::a?ﬁ;:eﬁ éﬁ:’cianc\‘i'
s racelver measuremonts Collorwrlteiormemlurearadema
Marconi Instruments, -
3 Pearl Court, Aliendale NJOY-iB‘!




ACSSB advancements 1mprove
data transmission

Synchronous transmit-receive control eliminates received-signal offset
and virtually eliminates phase and amplitude effects of multipath fading.
The result: higher data speeds with less error-correction overhead.

By Douglas P. Collette

With the advent of the microproc-
essor, modern digital control sys-
tems are providing a level of per-
formance and sophistication that
was only a dream 10 or 20 years ago.
Supervisory control and data acqui-
sition (SCADA) systems control and
monitor a vast array of functions at
hundreds of locations, saving un-
told time, manpower and money.

One obstacle to SCADA system
implementation is the requirement
that a data communications net-

Collette is the engineering vice presidim at
Aerotron in Raleigh, NC.

work transfer data between the cen-
tral station and remote sites, pri-
marily either by wireline or radio.
Wireline historically has been the
more popular of the two, but that is
changing rapidly today. Since
AT&T divested its operating compa-
nies, monthly tariffs on leased wire-
lines have increased from fourfold
to tenfold in many areas, causing an
unprecedented number of data com-
munications users to abandon leased
wirelines in favor of radio telem-
etry. The payback period for con-
version from wireline to radio can
be as short as one to two years.
For radio communications and te-
lemetry systems, frequency modula-
tion (FM) is by far the most popular

FIRST COMPRESSQR

SECOND COMPRESSOR
aLe

Figure 1. ACSSB transmitter block diagram. Current radlo models use pilot tone at
3,100Hz and an sudio passband from 300Hz 1o 2,500Hz.

modulation technique, and for good
reason. FM equipment is relatively
inexpensive, provides excellent voice
and data quality and is widely avail-
able from a multitude of manufac-
turers. But FM also has its draw-
backs, mainly, the relatively large
amount of RF bandwidth required
for a given audio bandwidth and the
adverse effects of multipath fading
on digital data.

Today’s FM radio equipment typ-
ically requires 16kHz of RF band-
width for an audio bandwidth of
3kHz. If radio spectrum were un-
limited, the fivefold increase in RF
bandwidth would not be a problem.
Unfortunately, radio spectrum is a
limited resource, and we nearly have
used it up in this country.

Radio channels in most major cit-
ies may have 100 or more users per
channel, and this number grows dai-
ly. The private radio community has
used VHF lowband and highband
widely for many years because of
the propagation quality. As VHF
frequencies became saturated, users
began moving into the UHF band.
Eventually the FCC began allocat-
ing UHF TV channels for land mo-
bile use., The latest allocation is in
the 800MHz to 900MHz band. Un-
fortunately, as a general rule of
thumb, as the frequency goes up,
the price goes up, and the range goes
down. At frequencies in the
800MHz band, foliage and terrain
can limit the operating range
severely.

In a mobile environment, multi-
path (Rayleigh) fading can affect
data adversely, even in strong signal
areas. Every time the vehicle drives

26 Mobile Radio Technology August 1988
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Larsen comes through

when theheatis on.

Disaster can strike at any place, any time. And
when it does, the need to communicate quickly and
clearly becomes critical.

That's when you should call on Larsen.

Larsen offers a full line of antennas ideally suited
for portable, mobile and base station applications.

No matter what your system margins or perfor-
mance requirements happen to be, it's Larsen to
the rescue.

@
(ﬁ)\rsen fintennas

YOUR SYSTEM SOLUTION.

Whether your system requirements
include high gain, high bandwidth, no
ground plane, on-?!ass, thick mounting,
fough environment, or even temporary

installa- .
tion,
Larsen
has the
solution.
From
2510
1200
MHz,
—_— Larsen
delivers

S < high performance with just the right mix
-4 o of durability and ease-of-installation to
,'“f. meet your system requirements.
Larsen is your system solution.

Circle (20) on Fasl Fact Card

INUSA: Larsen Electronics, Inc., 11611 N.E, 50th Ave. PO. Box 1799, Vancouver, WA 98668, 206-573-2722. Toll Free order line: 1-800-426-1656.

In Washington State 1-800-562-1747, Telex: 15-2813 LARSENELC VANC

IN CANADA: Canadian Larsen Electronics. Ltd , 149 West 6th Avenue, Vancouver, B.C. V5Y 1K3. 604-872-8517. Toll Free 1-800-663-6734.

Telex: 04-54666 CON LARSEN VCR
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through the fade, the RF carrier
phase changes, causing audible
clicks and pops in the received sig-
nal. Although these clicks are a mi-
NOr annoyance on voice signals,
they can cause bit errors that result
in garbled data. This problem is
worse at higher RF frequencies be-
cause fades occur more often.
Anyone who has operated a mo-
bile data terminal through an
800MHz radio at expressway speeds
undoubtedly has encountered these
fading-induced bit errors. To cor-
rect for these errors, mobile data
terminal manufacturers usually in-
corporate either feed-forward error
correction or error detection and re-
transmission. Both of these tech-

= e g niques can reduce the effective data

- throughput of the system signifi-

s % [ cantly, resulting in slower system
e operation and increased use of valu-

able airtime.

Figure 2. ACSSB receiver block diagram. Current radios phase-lock the recalver tun- Fortunately, modern technology
Ing to the transmitted pllot tone, using a locally derived pilot reference. A tuning error  has provided an answer to the prob-
exists, but usually Is 0.1Hz or less. lems encountered with FM. Ten

Knockoffs are a ‘way of life’ for some industries in our modern world. Why |
wouldn’t you buy a lower-priced antenna wit o lcations that are identical?
Elimination of ‘development expense’ by copy der’s models, is one way
of achlevmg lower cost. Why then have KATHREIN

. nas replaced several =
competitors’ models, both omni ai ctlonal,-_ after only short-tlme use in
cellular applications? _

"“The difference is experience! There
. turing of these simple-appearing
. of design deficiencies that

necessary

ar system to S_EC_TOR‘,""'i'fm
anels. We-have produced

essionals!

,_QL,,,,KATHHIEN INCORPORATED
| 26100 Brush Ave., Suite 319 P.O. Box 4580

. Euclid, OH 44132 Medford, OR 97501
216-289-1271 503-779-6500
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i
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Outstanding reliability gives birth
to a superior warranty.

' n the olden days of two way radio, there
were names like DUMONT, GALVIN, LINK and
many others. They made fine radios. Somewhere
along the line, the 90-day warranty was invented
and became a permanent fixture in two-way
radio sales brochures.

Unbelievably, the old 0-day warranty is still
in existence today. It's really amusing to observe
that some big companies still offer such an
out-of-date warranty plan.

For those of you who prefer a more modern
approach, we'd like to tell you about a warranty
policy that FUJITSU TEN invented. We're not one
of the “OLD TIMERS, " so we think differently.

We believe that a proven quality product
should be sold with a user protection policy that

goes beyond three months. We think that two
years is the way to go, (especially when we
know that only three-tenths of one percent have
been returned over an eighteen month period).

FUJITSU TEN in fact will actually exchange
the entire radio if it fails in use over a two year
period following instaliation. You read correctly!
Why take chances with the others when we
offer total protection anytime within two years.
Any company can do it, providing they have a
product planned and executed on a “no-fail”
design format.

If you believe, as we do, that old fashicned
ideas are out of place in a modern world, then
look into FUJITSU TEN. We provide Z1st Century
Technology...today.

YOU KNEW IT WOULD COME FROM FUJITSU TENI

TEN-COM radios have so many new features,
we ask that you contact us for the complete story.
We'll tell you all the secrets that make TEN-COM
the most cost-effective land mobile radios
available todayl

FUJITSU TEN CORPORATION

/ .98 OF AMERICA

A Y

vl 2" Bl 19281 PACIFIC GATEWAY DRIVE

A AN TORRANCE, CALIFORNIA 90502
{213) 327-2151 or (800) 421-1996

MANUFACTURED BY FUJITSU TEN LIMITED
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years ago the FCC, realizing that ra-
dio use was growing at a rapid rate,
commissioned a study to determine
whether there were more efficient
alternatives to FM.

The FCC’s UHF task force, under
the direction of Dr. Raymond Wil-
motte, contracted with Dr. Bruce
Lusignan of Stanford University to
develop a new form of modulation
that combines the performance ad-
vantages of FM but occupies a frac-
tion of the RF bandwidth. After
several years of research and devel-
opment, amplitude companded
single-sideband (ACSBB) resulted.
Some manufacturers refer to
the mode as ACSB. It is a form of
single-sideband (SSB) that combines
most of the advantages of FM, plus
a few of its own, and yel occupies
only one-fifth of the RF bandwidth
of current FM svstems.

Single-sideband is a well-proven
modulation technique that has been
used widely by the military and ra-

dio amateurs. Its use has remained
popular because of some important
advantages, although it has some
significant drawbacks as well. Table
1 on page 34 lists the advantages and
drawbacks of SSB and how ACSSR
overcomes the drawbacks.

ACSSB eliminates the disadvan-
tages through the addition of ampli-
tude compandors and a pilot tone.
The amplitude compandors consist
of compressors in the transmitter
and expandors in the receiver to im-
prove the signal-to-noise perform-
ance and to provide a capture effect
comparable to FM. The pilot tone is
a reference tone that is added to the
transmitted signal to provide a ref-
erence for the receiver’s phase-
locked loop tuning. The tone also
can be frequency-modulated to pro-
vide subaudible tone information.

In 1985, after four years of actual
on-the-air tests by thousands of
voice and data users, the FCC au-
thorized narrowband 5kHz channels

in the 150MHz to 174MHz band,
creating hundreds of new channel
assignments. Although the new
5kHz narrowband channel assign-
ments are available to any form of
modulation that can meet the
3.6kHz maximum occupied band-
width limitation, ACSSB is the only
commercially available narrowband
technology proven to be practical.
Numerous technical articles deal
with present ACSSB theory of oper-
ation, so the theory will not be cov-
ered in any depth in this article. Fig-
ures 1 on page 26 and 2 on page 28
show diagrams of an ACSSB trans-
mitter and receiver. In ACSSB
radios currently manufactured by
several vendors, the pilot tone is at
3,100Hz, and the audio passband is
from 300Hz to approximately
2,500Hz. The receiver is phase-
locked to the transmitted pilot tone,
using a locally derived pilot
reference.
Because the transmitted pilot tone

PROGRAMMABLE
MEMORY DIAL

NOW A MEMORY
WITHOUT BATTERIES

MODEL 2981 STANDARD
FEATURES:
Automatic Dialing
Last Number Redial
Manual Dialing
Sidetone While Dialing
Ratains Memory Up To 5 Weeks
Without External Power Source
Program Memory Without Transmitting
10-Number Memory Of Up To 16 Digils
Each {lasl number redial included)
Automatic Mic Muting
Automatic PTT
All Waathaer Retractile Cable
Crystal Controlled Tones
Excellent Electret Mic Element For
Maximum Voice Clarity
Adjustable Dialing Speed
Adjustable Qulput Levels

Bramco

9676 N. Looney Rd.
PO. Box 1482
Piqua, Ohio 45356
Ph. (513) 773-6255

P

DTMF ANI
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MODEL 2981

OPTIONAL FEATURES:

DTMF Decode For Selcall

» Field Programmable For
Up To 5 Digits

* Group Call & All Call

= Selectable Qutput For
A Latched, Timed or
Momentary Period

« Field Programmable
« Adjustable Output Level
+ Adustable Digit Rate

HOT AIR

UP TO 600°C

with the

st

Leister-Labor "S" Hot Air Tool

For contactless de-soldering and soldering of
SMD- and DIP-components in 2-4 seconds.

0000,

Electronic Temperature Adjustment from 20
to 600°C. Three-Way Air Volume Adjustment

from 1 to 150 litres per minute.
ASK FOR BROCHURE MQ39

[LeisTER]

% brian r. white co., inc,.

313 HENRY STATION ROAD
UKIAH, CA 95482
FARMINGDALE, NJ 07727

(707) 462-9795
(201) 930-2700

DHISTRIBLTOR INCGUIRIES WELCOMED
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TELEWAVE'S "PROBLEM SOLVERS”

Transmitter Combiners ® Receiver Multicouplers

® Monitor Equipment ® Test Equipment o Ferrite
Isolators and Terminations ® High Q Cavities
and Filters ® Duplexers ® Systems Engineering

Bandpass, Pass—Reject
& Notch Cavity Filters

Transmitter Combining

o e 8 -3.%@

= 2 o2 e asm IM Suppression Panels

Receiver Multicoupling

fm

R.F. Power Monitoring g1 $7™"" v

Duplexers & Preselectors

GSA Number ODKBEAGS0E46

Telewave, Inc. Y

(415) 968-4400
1155 Terra Bella Ave., Mountain View, CA 94043
(800) 331-3396 FAX: (415) 968-1741 = =

TWX 910-379-5055
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and the receiver reference pilot tone
are derived from two independent
oscillators, there is a slight receiver
tuning error and, hence, a frequency
offset in the received signal. The
tuning error is equal to the absolute
frequency difference between the
two pilot tone oscillators. Fortu-
nately this error is extremely small,
on the order of 0.1Hz, because of pi-
lot tones being derived from high-
frequency crystal oscillators.

For most types of point-to-point
data transmission, including DTMEF,
AFSK, APSK, QPSK and QAM, the
0.1Hz frequency offset is insignif-
icant, and excellent bit error rate
performance can be achieved. Fig-
ure 3on page 36 is a curve of bit er-
ror rate vs. carrier-to-noise ratio for
300, 600, 1,200 and 4,800bps data.!
These data were taken using ACSSB
voice radios operated through the
ANIK B satellite.

ACSSB data radios have been
built and optimized for data by
eliminating pre-emphasis and de-

emphasis networks and by modify-
ing audio lowpass filters to mini-
mize group delay. These data radios
achieve approximately a 5dB im-
provement in carrier-to-noise ratio
for the same bit error rate.

Many ACSSB data systems are in
daily use in this country. The first
one was installed in Tampa, FL, to

"control bridge and expressway traf-

fic signs. Several SCADA systems
have been implemented for oil and
natural gas pipeline control, and
one radio network is part of a com-
plex system to monitor highway ic-
ing conditions and relay data to the
local highway patrol office.

The largest system to date belongs
to a major utility for use in its nu-
clear power plants. The system,
when fully implemented, will use
more than 300 ACSSB data radios
to report radiation levels, wind di-
rection and velocity, and tempera-
ture at hundreds of locations
around the utility’s nuclear plants.
In addition, the system will energize

warning sirens in the event of an in-
cident at one of the plants.

Advancements in ACSSB tech-
nology soon will result in a second
generation of narrowband product
with important advantages. This
new generation of radio will be syn-
chronous—that is, there will be no
frequency offset in the received sig-
nal—and both the phase and ampli-
tude effects of multipath fading can
be eliminated in all but weak-signal
conditions. What makes this possi-
ble is that the pilot tone can be used
as an artificial carrier during the
modulation-demodulation process.
Figure 4 on page 40 is a block dia-
gram of the audio processing using
this new technique.

The transmit audio first is passed
through a 3,100Hz notch filter that
removes any audio components that
may be present at the pilot frequen-
cy. A lowpass filter follows to re-
move any audio components that
are above the pilot tone. The audio
signal then 1s mixed with the
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Shared Repeater Panel
$2150 *

¢ Designed for smaller systems
(up to 8 users)

® Digital CTCSS programming

® Busy channel lockout

¢ Tone translation

¢ Complete with one tone
channel installed

¢ Optional remote on/off control

* Special pricing expires 9/30/88.

TeSSCO

Your Total Source®
DIRECT ORDER HOTLINE

800-638-7666

Touch 2

Circle {26} on Fast Fact Card

32 Mobile Radio Technology August 1988

*“Which exit is blocked?"’
‘‘How long will the roof last?"'
“What if. . .?"

Safety and efficiency
depend on his ability to
communicate with other
fire team members.

Now Setcom's Face Mask Kit
enables use of portable .,
radios whenever SCBA is
reqguired.

Our bone conduclion micro-
phone delivers clear voice
signals even in high ambient
noise. . .and it won't compro-
mise mask integrity.
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Cutaway View
Andrew LDF5-50A HELIAX Coaxial Cable
with L45N Connector

Law Laoss
Foam Dielecttic

Dielectric is bonded
to Center Conductor,

Self-flaring
Design

Rugged
Polyethylene
Jacket

“Q" Ring Seals

Self-tapping
Center Conductor

For top performance in antennas and cable,
~ team up with Decibel and Andrew!

The experienced team The design of HELIAX coaxial cable For more information, write Marketing,
For decades, Decibel antennas and and connectors is unique, and constant  Decibel Products, Inc., P.0. Box
Andrew HELIAX® coaxial cable have menitoring and control assure that 569610, Dallas, TX 75356—9610

set the industry standards for top every cable assembly will deliver Telephune Marketing (214) 631-0310,
quality, long-term reliability, low optimum performance. other departments (214) 634-8502,
maintenance and consistent user The cost-effective team Chicago Systems Engineering
satisfaction. Decibel antennas and HELIAX (312) 882-2190. Telex 73-0212.

The quality team transmission line products actually FAX (214) 631-4706.

Decibel has the largest Quality Control ~ Save you maney over the long term.
Group in its field. Decibel antennas are i Decibel and Andrew on your
inspected by QC personnel in every team, your bottom line costs are

department during fabrication and are ,,ver pecause your system performs
then given a final comprehensive test  oyer ang Jasts longer.

and inspection before shipment. :
{ If you want the best possible system
Andrew has been synonymous with — if you want to stay ahead of the

quality since 1937. Its HELIAX competition today and in the future —
assemblies and connectors undergo team up with Decibel antennas and
the most stringent quality controls in Andrew HELIAX cable products, the
the industry, assuring you peak best team you can assemble.
performance.

HELIAX is a registered trademark of Andrew Com.

Decibel anw Authorized Warehouses: Tekcom, Inc., Costa Mesa and Union City CA; Talley Electronies Co.
Hayward CA mnh&%ﬂl’hmﬂ CW Electronics, Denver CO: The Antenna Overiand Park KS;
M. Hutton Co., Dallas and X mmu.%m.rm.m , Hunt Valley MD, Tampaﬂ.
Sclnmnbum IL, and Sparks NV; Primus Electronics Corp. IL i uall'l;y
Inlernational: Marketronics, Sunrise FL (for South America), Lenbrook Industries, Lid (Ganaﬂa} St. Leonards, you want q A

Quebec; Cal a Mham and Pickering, Ontario, RAC, (ltaly) Milan; Walmore Electronics npland London; : ;

OmniTronics Enterprises PTE Lid, .(Sﬂ'lgapore] SIltem(u } ssionals S.A., (Mexico), Mmcué J Devices you want Decibel and Andrew!

Pty.. (NSW Aum?ﬂl Miller Circle 28) on Fast Fact Card Visit us at Expo East. Booth #404.
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TABLE 1— Comparison of single-sideband and ACSSB.

SINGLE-SIDEBAND
Advantages

1) Extremely spectrum-efficient — RF bandwidth is the same
as the audio bandwidth.
2) Extremely power-efficient— Transmitter produces no

power until it is modulated. Average power is only a fraction
of peak power.

3) Excellent signal-to-noise— All the transmitter power con-
centrated in sideband where the information is contained.
Receiver has much narrower bandwidth than FM.

Disadvantages

1) Receiver tuning critical — If tuning is incorrect, voice will be
offset in frequency by same amount as tuning error. Can
result in “Donald Duck” sound of SSB.

2) Subaudible signaling not possible — Radio sideband filter
rolls off sharply below 300Hz to achieve adequate attenua-
tion of the opposite sideband. Does not allow subaudible
CTCSS operation.

3) Difficult to send data — Receiver tuning errors preclude any
form of data transmission requiring receipt of accurate tone
information such as DTMF, AFSK and APSK.

4) Lack of capture effort — Capture effect is the ability, when
receiving two signals, to hear only the stronger signal, allow-
ing more frequent reuse of existing channels. Amplitude
modulated systems, because they do not use limiters, pro-
vide no capture effect.

ACSSB

Advantages

1) Very spectrum-efficient — RF bandwidth is only a few hun-
dred hertz greater than the audio bandwidth.

2) Very power-efficient — With no voice, only pilot is transmit-
ted at one-tenth of peak power. Average power is only a frac-
tion of peak power.

3) Superior signal-to-noise—Amplitude compandors en-
hance the already excellent signal-to-noise. Receiver has
much narrower bandwidth than FM.

Solutions

1) Receiver automatically is tuned by phase-locked-loop tun-
ing circuit that locks to the pilot tone.

2) Subaudible tones are generated by a low deviation FM
modulation of the pilot tone.

3) Automatic tuning circuits limit frequency offsets to 0.1Hz.
Usable with mast forms of data.

4) The receiver expandor circuits provide a capture effect
similar to FM.

For batteries that provide the
power you need—when you need
it. They are made to radio
manufacturers’ specs. Match the
cosmetics of the radio. Guaranteed
to work out of the box and main-

tain B0% rated capacity @ 12
months—are in stock for fast
delivery. Service by professional
sales and technical personnel,
Make the BOMAR CONNECTION—
Hotter than ever.

201 BLACKFORD AVENUE
MIDDLESEX, N.J. 08846

IN N.J. (201) 356-7787
FAX 201-356-7362
TWX T710-480-4650

|
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Sentri-System glves you the word
en there’s trouble.

i g e B

f?.'rl.lser recorded voice alarms

Until now you had to go to the alarm panel
or wait for your system to fall to know about
a problem. With a Sentri-System you get a clear
voice message sent to your pager. radio or

PA. system. A message that you
record yoursell tells you exactly
what's wrong, it can even tell you
what action to take.

ErSlmus reports
Sentri-Systems are available for
a range of systems starting with
as few as eight contacts. These can
be configured as normally open or
normally clesed, or you can send
a message for a change of state.
A simple DTMF sequence allows

vou to interrogate status and receive a spoken
report.

E(Pnger signalling

You can even send voice or alphanumeric

(ZETRON)

We get the word out.

For more information, call (206) 644-1300
Zetron Inc.. 2930 Richards Rd. S.E.. Bellevue. WA 98005, FAX (206) 644-2661
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messages to specific people by using signalling
options such as TwoTone, GOLAY or POCSAG.

o Remote control
Sentri-Systems let you respond to the alarm

message by remote control com-
mand. Sentri-Systems under-
stand DTMF and have control
outpuis you can use {o turn
equipment on and off. You can
even: receive a voice confirmation
that the remote action is complete.

E{Prinled log

Available with an RS-232 inter-
face. Sentri-Systems can provide
a hard copy of your system's
activity.



3,100Hz pilot tone to produce two
frequency spectrums: the sum
(3,100Hz + audio) and the differ-
ence (3,100Hz — audio). The bal-
anced mixer output is then lowpass-
filtered to pass only the difference
spectrum, resulting in an audio sig-
nal that is inverted around the
3.100Hz pilot.

The mixing is an important step
because this is where the transmitted
pilot tone enters the modulation
process and becomes an artificial
carrier. The inverted audio then is
routed to a summing amplifier

AUDIO/PILOT TONE

Mixing audlio with recovered pliot
tone In the recelver:

{1) Removes the audio frequency
nversion.

{(2) Eliminates any frequency offset.

(3) Removes the phase effects of
multipath fading.
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Figure 3. Data plotted represent bit error rate vs. carrier-to-noise ratio at several data
rates. The data were taken using ACSSB voice radios operated through the ANIK B
satellite. ACSSB radios designed for data-only transmission have an improved
carrier-to-noise ratio that is 5dB greater for the same bit error rate.

where the 3,100Hz pilot tone is add-
ed. Note that this is the same
3,100Hz tone previously mixed with
the audio. The composite signal, in-
verted audio plus pilot, modulates
the single-sideband transmitter.

The composite audio signal from
the receiver first is split into an au-
dio channel and a pilot channel. The
3,100Hz notch filter removes pilot
tone from the audio and the narrow
pilot filter is a bandpass filter that
passes only pilot tone. The audio
then goes through a CCD delay line
to delay the audio signal slightly to
compensate for the much longer
time delay of the pilot signal
through the narrow pilot filter.

Delayed audio signal is then
lowpass-filtered to remove any noise
or distortion products that may be
above the pilot frequency. The sig-
nal then is mixed with received
3,100Hz pilot tone and lowpass-
filtered to pass only the difference
spectrum. Just as mixing audio with
pilot tone in the transmitter used the
pilot as a carrier for the modulation
process, mixing audio with recov-
ered pilot tone in the receiver uses
the pilot as a carrier for the demod-
ulation process. The benefits of do-
ing this are the following:

(1) Removes the audio frequency
inversion— Because the audio al-
ready was inverted, inverting it
again returns the audio to normal.

(2) Eliminates any frequency off-
sef—Because the recovered audio
frequency is the difference between
the pilot and audio frequency com-
ponents of the received signal, the
recovered audio frequency is inde-
pendent of receiver tuning. Receiver
tuning need be only sufficiently ac-
curate to place received pilot tone
within the pilot filter passband.

(3) Removes the phase effects of
multipath fading —The phase varia-
tions of multipath fading result in a
frequency modulation of the re-
ceived composite signal. Because all
components of the received signal
shift in frequency together, the dif-
ference frequency remains constant,
thereby removing the phase effects
of multipath.

After the mixer and lowpass fil-
ter, the audio level is controlled by a
feed-forward gain control stage.

e e . meeeee = e e
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Once again, the REPCOM 800 series handheld leads the way

withinew TURBEO software, designed to speed up acdeas ¢ i : ;

and'enhance overall performance

The RHT-800 is a compact, easy-to-use handheld puﬂablelhﬂ
can handle up to 10 systems and up toiosmups.smndard
featuresiof the: RI-IT 800 include:: iO-MMm sean, gla-utad —fog




This stage is a variable gain ampli-
fier whose gain varies inversely with
the pilot tone level. This stage re-
moves the amplitude variations due
to multipath fading. For example,
with a 10dB fade, the amplitude of
the audio and pilot components de-
creases 10dB. As the pilot level de-
creases 10dB, the amplifier gain in-
creases by 10dB, thereby restoring
the audio level to its original prefade
level. A muting circuit inhibits the
output until a signal is received.

With the technique described
above, the system’s low-frequency
audio cutoff is determined by the
audio lowpass filters’ corner fre-
quency, and the high-frequency cut-
off is determined by the radio side-
band filter’'s low-frequency re-
sponse. Even though the system’s nor-
mal audio bandwidth response would
range from 300Hz to 2,700Hz, the
response can be tailored somewhat, if
required, by changing the filter’s
characteristics.

ACSSB has several advantages

besides those already discussed. Un-
like FM, ACSSB provides a linear
channel and thus affords the possi-
bility of transmitting combined am-
plitude and phase-encoded digital
information with the associated im-
provements in bandwidth efficiency
and error performance.

By employing high-level modem
techniques such as quadrature am-
plitude modulation (QAM), a tech-
nique used in commonly available
9,600bps telephone modems, it
should be possible to transmit data
at rates approaching 20,000bps
within 5kHz spaced channels. In
fact, & QAM radio modem could be
far simpler than a telephone modem
because the radio’s phase and ampli-
tude distortion are known and fixed,
and, thus, the radio path does not re-
quire adaptive equalization the way
a telephone system does.

Coherent phase-shift keying
(CPSK), although recognized as
having the lowest bit error rate in
the presence of white noise of all

known forms of data modulation,
cannot be used effectively in some
mobile data applications because of
the irreducible error rate caused by
random FM induced by multipath
fading.

The irreducible error rate, be-
cause it is caused by the phase varia-
tions of multipath fading, does not
get better as the signal becomes
stronger. In fact, at frequencies in
the 900MHz range, the irreducible
error rate can be as highas | x 10!
at a vehicle speed of 70mph. Clear-
ly, if the best bit error rate that can
be achieved is one wrong bit out of
every 10, then enormous feed-
forward error correction overhead
will be required for successful mes-
sage retrieval.

With some modifications to
ACSSB circuitry, the pilot tone can
be used as the reference for coherent
detection. This technique has been
successfully used by Bateman? and
others at the University of Bath in
England. These tests proved that a
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MasterCharger |

'BATTERY ANALYZERS & CHARGERS

-

MasterCharger |ll

W & W ASSOCIATES PRESENTS:
THE ALL NEW FAMILY OF AFFORDABLE AND LEGITIMATE NICAD
ANALYZERS AND CHARGERS.

Please inquire for additional information and pricing.

P

In US. & Canada Call Toll Free (800) 221-0732

W W & W ASSOCIATES ¢ 29-11 Parsons Boulevard ® Flushing, NY. 11354

WORLD-WIDE DISTRIBUTORSHIPS AVAILABLE. PLEASE INQUIRE.

In NYS, (718) 961-2103 » Telex: 51060 16795 ¢ Fax: (718) 461-1978
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ASTRON jju,
Irvine, CA 92718
CORPORATION  (714) 458-7277 ASTRON POWER SUPPLIES
* HEAVY DUTY  HIGH QUALITY = RUGGED = RELIABLE =
RS, RM and VS SERIES ® THREE CONDUCTOR POWER CORD
SPECIAL FEATURES ® ONE YEAR WARRANTY » MADE IN US A

PERFORMANCE SPECIFICATIONS

® INPUT VOLTAGE; 105 - 125 VAC

* QUTPUT VOLTAGE: 13.8 VDG & 0.05 volis
{Internally Adjustable: 11-15 VDC)

® RIPPLE. Less than Smy peak 1o peak (full lpad

® SOLID STATE ELECTRONICALLY REGULATED

® FOLD-BACK CURRENT LIMITING Protects Power Suppy
from excessive current & continuous shored oulpul.

® CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-44, AS-5A.

® MAINTAIN REGULATION & LOW RIPPLE at low ling & low lineg)
nput Vollage ® Alsp available with 220 VAC Input
® HEAVY DUTY HEAT SINK » CHASSIS MOUNT FUSE Voltage

RM-A SERIES

19" X 5% RACK MOUNT POWER SUPPLIES

Continuous 1GS* Size (IN shiprln
MODEL Duty (Amps) (Amps) HxWx WL { hsﬂ
AM12A 9 12 5% x 19 x 8% 16
RM-354A 25 35 5% x 19 x 12% 38
RM-50A 37 50 S x19x12% 50
» Separate Volt and Amp Meters
AM-35 M 25 35 5% x 19 x 12% 38
MODEL RM-35M AM-50 M 37 50 5% x 19 x 12% 50
RS-A SERIES AS-4A k| 4 I x 6% x 9 5
RS-3A 4 5 2 x6Ya x TVa 7
RS-74A 5 7 3 x6¥2x9 g
RS-10A 75 10 4x 7% x10% 11
RS-124 9 12 4% xBx9 13
RS-20A 16 20 5x9x10% 18
AS-35A 25 35 S5x11x11 27
MODEL RS-7A AS-504A 37 50 6 x 13% x 11 46
RS-M SERIES
® Switchable volt and Amp meter
RS-12M 9 12 4o xB8x9 13
« Separate volt Amp meters
RS- 20M 16 20 5x9x10%2 18
RS-35M 25 35 Sx11x1 27
RS-50M 37 50 Bx 13% x 1 46
MODEL RS-35M
VRM/VS-M SERIES & Separate Volt and Amp Meters e Dutput Voltage adjustable from 2-15 volts
® Cyrrent fimit adjustable from 1.5 amps to Full Load
E 1 13 BVDCar 1VDLE SVOC @13.8v
M VS-20M 16 9 4 20 §5x9x10% 20
VS5-35M e 15 7 35 1
VS 50M 37 22 10 50 621 i
® Variable rack mount power supplies ——
VRM-35M e 15 7 35 W x19x12%2 as
MODEL Yo VRM-50M 37 22 10 50 5V x19x 12% 50

*ICS— Intermitient Commumicanon Senvice (50% Duty Cycle Smin_on 5min ol)

DC-DC CONVERTERS

‘ MODEL 1212

MODEL 1212 & 1212-18 Switching Regulated Converter.
Designed for FM transcelvers and other applications requiring 12 volt power source converted from
12 volt positive ground battery. Regulation with pulse width medulation at 20 KHz,
Input—12¥ OC (Positive ground only). Functional from —11 V DC to—16 V DC. Output +13.8 V DC

(Negative ground only). 1212 1212-18
Qutput Voltage 138V0C ==2VDC 138VDC =x2VDC
Line/Load Regulation 200 mV 200 mV
Ripple/Noiss 50 mV AMS 50 m¥ RMS
Current Continuous B Amp 14 Amp
Current (ICS) 9 Amp 18 Amp
Current Limit 12 Amp 19 Amp
MODEL 1212-18 Case 2% (H) x 6" (W) x 6" (D) 2% " x 6" x 127
Shipping Weight 2 |bs. 4 |bs.

‘ MODEL 2412

MODEL 2412-16

MODEL 2412 & 2412-16 Switching Regulated Converler.
Designed far FM transcelvers and other applications requiring 12 volt power source converted from
24 volt battery. Regulation with pulse width medulation at 20 KHz,
Input +28 ¥ DC (Negative ground only). Functional from + 22 V DC te +32 V DC. Quiput +13.8

V DC {Negative ground only). 2412 2412-16

Output Voltage 13BVDC +2VDC 138vDC +=2V0DC
Line/Load Regulation 200 mvV 200 mV

Ripple/Noise 50 mV RMS 50 mV RMS

Current Continuous 9 Amp 16 Amp

Current Limit 12 Amp 20 Amp

Case 2% (H) x 6" (W) x 6" (D) 2%" x 6% x 12"
Shipping Weight 2 Ibs, 4 Ibs.

ALSO! AVAILABLE AS MODEL 3612 & 3612-16: +36 V DC (Negative ground only) AND
AS MODEL 4812 & 4812-16: +48 V DC (Negative ground only).
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single-sideband radio system, using
wrpns phase and amplitude correction cir-
cuitry, can send CPSK data without
the usual irreducible error rate,
%W achieving improvements in bit error
rates of two orders of magnitude.
= 7 ACSSB, although still in its infan-
cy, holds the promise of revolution-
izing the radio industry. Its ability
to convey both voice and data in ex-
tremely narrow bandwidth is well
proven, and new techniques, soon
3 to appear commercially, promise to
increase its performance further,
especially for mobile data.
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AUTOMATIC TELEPHONE INTERCONNECTS

DATA BIGNAL, INC. -
L] i o ey o e ikedi - b o ATI-300
» [ ] ° ° [ ] L L Q

L 4= AUTOMATIC TELEPHONE INTERCONNECT [ V0

TWO NEW INTERCONNECTS

ATI-100 ATI-300
$249-$369 $495-8595
* Full, Hall-Duplex or Simplex operation e All of the Features of the ATI-100, plus: * Programmable Voice after Page
# Electronic voice delay * Local and remotely programmable via DTMF e Auxiliary Relay for Channel Control
* Desk or Rack Mount version * 35 programmable ANI's (Local or remote) « Three Programmable Relays for Remote Control
» */# Connect/Disconnect = Verified Global or ANI Accass * Busy Signal Disconnect
* Regenerated Tone or Pulse Dialing * Verified Positive Disconnect * Dial Tone Disconnect
* Direct Voice Dispatching * Toll restriction per user (local or remote) * Telco Go-ahead Tone (Programmable)
« Selective Calling (OTMF-DTMF) * Two-tone pager « Dip Switch Programmable Timing
* Mabile Activity and Timeout Timer * Control Station capabilities » Dip Switch Selectable Features
* Ringout or Auto Answer on 1-4 rings * DTMF, CTCSS, 2-tone Selective Call * Simplex Electronic Voice Delay
* Busy Channel Ringout Inhibit * Mabile-to-mobile Selective Call * Half-Duplex Privacy Modes
* Transorb Lightning Protection * Verified Repeater Access * Busy Lockout
* Front Panel station LED's * CWID-Local or Remote Programmable * Programmable Secret Access Code
* COS polarity reversal * Ghannel Monitor Capabilities #* Unique Station Signalling Tone
* 12 VDC powered « DTMF or Rotary Overdialing * All Features are standard
DATA 2403 Commerce Lane
SIGNAL Albany, Georgia 31708
Telephone: 912-883-4703
INCORPARLALRD Toll Free: 800-652.9296 B
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High noise can make
. two-way radio

\ ' communication
difficult, if not
impossible. Combine
your two-way radio
with one of our Noise
Attenuating Headsets
to solve this problem.

David Clark
Company Headsets
combine maximum
hearing protection,
with comfort and
perfect reception.
Superior noise-
canceling micro-
phones deliver clear
transmissions at
normal voice levels.

Our headsets and radio adapters are designed for durability, with quality and performance
guaranteed. NO RADIO MODIFICATIONS ARE NEEDED. Choose between hands-free
VOX (voice activated) or Push-To-Talk operation. Headsets with throat microphones are
also available.

For more information and a FREE DEMONSTRATION, call or write.

\ (Davia] Glark company

INCORPORATED

360 Franklin St., Box 15054, Worcester, MA 01615-0054
Phone: (508) 756-6216 * Telex: 920482 « FAX: (508) 753-5827
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