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By Jerry B. Minter

The Binaural System of the

Human Ears

ing to the use of two ears instead of one.

For perception of direction and acoustic
perspective the use of two ears is essential, the
facilities being lost in a monaural or single-channel
system. The human sight nerve processes not only
acoustic data from the ears but also optical data
from the eyes and ultra sound from a little under-
stood sensing system.

T he dictionary defines “binaural” as pertain-

Building Custom Aids

I constructed a binaural hearing aid in 1937 for
Horace Scanlon, a famous photographer of the
twenties. He was then able to function as master of
ceremonies at our local photography club in
Boonton, N.J. I located the microphones at each ear
next to the audio earpiece. Fortunately the earpiece
was magnetic and the microphone was piezo-elec-
tric, so there was no trouble with electrical feed-
back. However, there had to be some physical isola-
tion to prevent mechanical feedback. The two
amplifiers were in a small metal box usually carried
on his belt. The small hearing aid tubes available
from Raytheon and the miniature battery required
little space. ‘ :

Some years later I made up a binaural head set
for our Radio Club secretary, Fred Shunaman,
whose impaired hearing made it difficult for him to
understand and copy comments from the assem-
bled board of directors. I modified a small two
channel Radio Shack cassette tape recorder so that
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Fred could play back the Proceedings and prepare
the minutes of our meetings.

JVC actually built a model HM-200E binaural
hearing headset, which was fed into a model KD-2
portable cassette tape recorder. I used this combi-
nation to record several of our Radio Club meet-
ings. At the meeting I would naturally turn my head
toward the speaker, thus focussing my recording
and allowing the system in the eighth nerve to
screen out stray room noise.

The Binaural System
In addition to the bundle of nerves from the

cochlea, there is an additional channel known as the
“the microphone channel.” In the past most doctors
to whom I talked did not understand the function of
this microphone channel. The cochlea is basically a
spectrum analyzer and if two short audio pulses are
fed into a mono loudspeaker and the spacing
between the two pulses is reduced to less than fifty
milliseconds the result sounds like one pulse to the
person listening.

Now the distance between the two ears in about
five or six inches or a time delay of about five or six
milliseconds, so how can the cochlea determine
any differential this short?

Furthermore, in my effort to locate a small two-
channel audiocassette recorder I bought a Sony
model TCS-430. To my surprise, the two small
microphones were only 3/4-inch apart!

However, this small spacing is adequate to pro-




vide a binaural response on playback. The time dif-
ferential is only 60 microseconds. So the data
processor in the eighth nerve is able to compare the
times of arrival as short as 60 microseconds. This
has to be through the microphone channel rather
than the cochlea.

Direction Finders in Animals

Did you ever observe a small bird cock its
head? It is likely locating the precise location of a
sound - his acoustic direction finder. A small bird
has ears only a fraction of an inch apart too. I
have personally observed the microphone chan-
nel output from a small bat in the lab with a
50,000 cycle ultra sound source. Electrodes in
contact with the top of the bat’s head picked up
the audio signal.

The household cat also has the microphone
channel available on the top of its head but the
eighth nerve in the human brain is buried and not
readily accessible.

The Ultra Sound Response
Richard J. Bellucci, M.D. of Manhattan, first

called my attention to the existence of an ultra sound
response in the eighth nerve of the human brain. Dr.
Bellucci had made measurements on many people
using a frequency near twenty five thousand cycles-
well above the normal range of hearing. He had
determined that this ultra sound could be accessed
through contact with many parts of the body.

JVC Model KD-2 stereo cassette tape recorder.

For example, on the tissue near the belly button
but no response from the bone or tissue around the
nose, chin or front of the head. A response was
available also at the mastoid bone. The sound per-
ceived by this stimulation was very high frequency,
perhaps around 15,000 cycles.

As aresult of our discussion, I set out to investi-
gate this ultra sound with the aid of a modern stack
of piezo electric transducers with the original Mac
50 watt tube amplifier which was capable of dri-
ving the piezo element up to 90,000 cycles per sec-
ond.

Frequency modulation of the ultra sound source
was not noticeable. In fact the same high frequency
sound occurred all of the way up to 90,000 cycles.
Several different people tested could detect ampli-
tude modulation to about 200 cycles per second.

One effect noted was that the mastoid response
was reversed. Therefore the left side input seemed
to be from the right side rather than the left.

A test on my daughter who was totally deaf in
her left ear confirmed that she had not right side
mastoid response to ultra sounds but she did have

Original binaural mikes designed to the ear 1937-style.
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JVC Model HM-200E binaural headset.

Sony binaural cassette tape recorder Model TCS-430. The space between the two
mikes is about 3/4- inch.

left side sensitivity. Dr. Bellucci had determined
that Helen Keller had no ultra sound response,
since her eighth nerve was totally disabled.

Excess Ultra Sound
It is well known that excessive

pit area. The solution was to laminate two thin pan-
els together with a visco-elastic binder that damped
out the vibration through viscous shear of the

binder.
My friend Stuart Ballantine determined that one
of his employees was very sen-

ultra sound can very seriously
upset the human nervous system.

It is well known that

sitive to 22,000 cycles. So
much so that he humped up

As a well known example, let me - oxcegsive ultra sound can 4 ran out of the room when

recall the disaster at north
American Aviation during early
flight tests of its first jet aircraft,
the F-86.

During a flight test by the chief

very seriously upset the
human nervous system.

exposed to the 22,000 cycle
source. The source was a small
whistle used by Ballantine to
study the disturbance of certain
birds near his lab.

test pilot, the F86 turned side-
ways, and broke up in flight. The aircraft was heav-
ily instrumented by a wireless connection. A very
strong ultra sound was noted in the cockpit area and
it was concluded that this so disturbed the pilot that
he lost control.

The source of the excess ultra sound was the
vibration of the metal side panels around the cock-
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It is very fortunate that ultra
sound does not propagate very far in a normal
atmosphere, since the ultra sound output from the
blades of a jet turbine aircraft engine would create
pain and damage to many people. Ground person-
nel wear ear protective gear, of course,
since they are frequently very near these ryu
engines.
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By John F. Sevic & John S. Quinn

Designing RF Power Amplifiers
for 3G Voice Data Systems

As 2.5g third-generation (3G) wireless systems
come on line they will be significant informa-
tion carriers.

Wireless voice systems have pretty much
reached maturity. Wireless data transmission, on
the other hand, is at its infancy.

Data requires a much wider bandwidth than
voice. And if the type and complexity of informa-
tion that is going to travel the 3G airways is any-
where near its prognostications, power amplifiers
will indeed be on the fast track to handling the
bandwidth.

A Brief Look Back

First-generation wireless infrastructure was
deployed over a span of nearly ten years. In con-
trast, third-generation wireless infrastructure will
be deployed in a span of three years or less. From
the RF power amplifier (PA) perspective, this sig-
nificant reduction is enabled by several factors,
including improved RF design techniques, superior
RF semiconductor technology and reliable RF
modeling and characterization methods.

Also related to this trend is a transition from
system-type companies that contain all essential
specialties for infrastructure development in-
house, to integration-type companies that special-
ize in combining value-added features with RF
hardware developed by companies specializing in
RF components.

This trend started with handset manufacturers
and is expected to continue with infrastructure
developers. To further accelerate this trend, the
design process for high power RF PAs must con-
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tinue to evolve from a “black-art” into a science.
This will enable engineers to focus on design, not
on “tweaking,” resulting in a significant reduction
in the design cycle-time and ultimately in high-
yield, first-pass success.

To complement this capability, there must be the
opportunity for system integrators to purchase
ready-made RF PA products to meet rapidly chang-
ing schedules and deployment strategies.

This approach is already well-established in the
integrated circuit (IC) world, where customer-
owned tooling (COT) and standard products can be
purchased from the same foundry. This business
model enables design flexibility by its very nature,
since the infrastructure integrator can purchase an
existing product, have one designed to specifica-
tion, or use its own in-house design team to imple-
ment a design using foundry computer aided design
(CAD) tools.

Some recent developments enabling the shift in
the high-power RF design community are
described in this article, with emphasis on current
design and product capabilities.

Evolution of the Wireless Infrastructure
First-generation wireless infrastructure equip-
ment was an evolution of frequency modulated-
(FM) based land-mobile communication
equipment, such as police radio systems and pri-
vate local-area systems. The main difference
between the land-mobile PA and the first-genera-
tion wireless infrastructure PA architecture was
integration of several PAs. Each PA supported one
FM carrier with a cavity combiner, providing
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simultaneous application of several carriers to a
shared antenna.

The next step in the evolution of the PA was exten-
sion of the combiner technique for sectorized cells. In
these systems, a smaller number of PAs were com-
bined to support one of many antennas co-located on
the tower. This provided increased capacity using
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directional methods. In both of these configurations,
class C PAs were adopted for high efficiency.
Second-generation wireless communication sys-
tems addressed capacity limitations by adopting
digital modulation techniques. Global system for
mobile communications (GSM), code division mul-
tiple access (CDMA), North American digital cellu-



lar (NADC), and personal digital cellular (PDC)
each used digital phase modulation, which in some
instances resulted in the need for linear amplifica-
tion due to the time-varying envelope of the signal.

Moreover, system providers were demanding
that PA architectures be rapidly configurable to
varying traffic loading and arbitrary sectorization,
leading to an additional requirement for the ability
to amplify several carriers simultaneously. Thus,
deployment of second-generation wireless infra-
structure led to the demand for linear amplifica-
tion, although it has not eliminated use of
first-generation type architectures.

Demand for wireless data services has led to
third-generation wireless communication systems
such as enhanced data rates for GSM (EDGE),
¢dma2000, and universal mobile telecommunica-
tion system (UMTS). These systems are being
deployed more rapidly than the first- and second-
generation systems, and are capable of data-rates of
one mega-bit per second (Mbp/s) or higher, sup-
porting voice, data and video. To support the high
data-rate, these systems will adopt modulation
methods that require ultra-linear amplification.
More significantly, rapidly configurable cell-sites
will be required (many of which will be required to
support multiple wireless standards). The need for
linear amplification is expected to become the norm
rather than the exception.

Making High-Power Designs Reliable

The design philosophy for an RF PA is relative-
ly independent of power level, with a few notable
exceptions such as heat dissipation and the impor-
tance of passive component and combiner losses.
What has traditionally made the design of high-
power RF PAs difficult, giving it the label “black-
art,” is the inability to observe and measure signif-
icant parameters of interest, such as impedance,
directly. Further aggravating the design process is
the fact that most of the circuit elements are a sig-
nificant fraction of the operating wavelength, mak-
ing measurements even more difficult.

The design philosophy associated with
first-generation PAs was based on stub-tuning man-
ual load-pull. With these tuners, the engineer would
design a fixture, often with pre-matching, and
through iteration, determine the best possible per-

formance for the given requirements. This process
was error-prone and slow, but worked for the
requirements of the first-generation of PAs. Its
major limitations were the inabilities to provide the
engineer with the transistor terminating impedances
and to provide a picture of performance trade-offs in
the gamma-domain. The former limitation made
design of impedance matching networks rely on
iteration and tweaking, slowing the design process.
The latter limitation resulted in uncertainty about
the best possible performance trade-off.

In the early 1990s, congruent with the develop-
ment of second-generation wireless systemé, auto-
mated load-pull became available from several com-
panies. These systems have, more than any one prod-
uct, enabled the rapid design of RF PAs. In many
ways, automated load-pull is to RF PA design what
the HP 8510 is to linear microwave network analy-
sis. Using high-power automated load-pull, the engi-
neer is able to examine performance trade-offs in the
source and load gamma-domain for parameters such
as power, gain, power amplifier efficiency (PAE),
and linearity. Although early load-pull systems were
limited to minimum impedances in the neighbor-
hood of 1 W, recent advances in de-embedding tech-
niques and fixture design have permitted this to
approach 0.1 W, allowing devices capable of over
100 W at 2 GHz to be fully characterized.

A typical design using load-pull begins with
evaluation of several different devices under vari-
ous bias conditions and frequencies. After the opti-
mum source and load impedances are determined,
source and load matching networks are designed
using well-established synthesis methods such as
the maximally-flat approximation. With the
assumption that the transistor sees what it was pre-
sented within the test-fixture, the resulting perfor-
mance will closely match what was observed in the
load-pull system. Differences in the width of trans-
mission lines feeding the transistor, even if it pre-

. sents the same impedance, can cause differences in

performance. This issue is aggravated when using a
test-fixture and/or transistor package that is sub-
stantially different from the target mounting
method. For example when designing a power RF
module. While load-pull is the most common
method for design of high-power RF PAs for infra-
structure equipment, it relies on substantial exper-
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tise and a large investment in time and opportunity
cost to be successful.

The next step in the evolution is deployment of
an integrated design environment based on a com-
bination of accurate measurement methods, reliable
models of passive and active elements, and an easy-
to-use CAD platform. This approach will lead to
foundry-based power module designs to meet
rapidly changing performance requirements and
deployment strategies, while also enabling cus-
tomers to deploy COT-based designs.

A preliminary version of this design environ-
ment is currently being used for the design of cus-
tom power modules for digital communications
systems (DCS) and personal communications sys-
tems (PCS) applications. It consists of a specialized
test-fixture that is identical to the mounting method
in which the transistor die is used in the module.

For the current 60 W laterally-diffused metal-
oxide semiconductor

allows the engineer to determine what the expected
performance of the module will be. High-power
transistor models with measurement-based pre-
matching network models are also available, which
allow large-signal simulation of gain, PAE, and
adjacent channel power ratio (ACPR). Once the
design is frozen, the design rule checker (DRC) is
run and the design is taped out to a ceramic fabri-
cation house. This process is nearly identical to
what is done in the IC community, resulting in a
low-cost, reliable, and fast time-to-market design
vehicle for high-power RE.

A Module Design Flow Using
a Power RF Foundry

The present design environment is based on a
hierarchical organization consisting of standard
library elements for high-power design. This
includes transistor die of various gate widths, MOS
capacitors, wire-bond

(LDMOS) die technology,
the preferred method of
mounting embeds the die
on a carrier with input and
output MOS capacitors and
wire-bond arrays giving a
prescribed transformation,
usually 4:1. The wire-bonds
from the MOS capacitors
are attached directly to the
gate and drain manifolds on

The present design
environment is based
on a hierarchical organization
consisting of
standard library elements
for high-power design.

arrays, chip components,
and planar transmission line
elements. Instances embody
physical and electrical char-
acteristics, with the latter
based on either measured
data or analytical models.
Using ADS, these attributes
are synchronized dynami-
cally to create an integrated
design environment, similar

the substrate. They are

brought out in micro-strip to

mate with a custom water-cooled test-fixture con-
nected to a load-pull system. Using well-established
de-embedding techniques, the measurement refer-
ence-plane is set to include the effects of the pre-
matching and the gate and drain manifolds.

Typical impedances are in the neighborhood of 2
W, resulting in a well-defined and easy to synthe-
size impedance. Without pre-matching, typical
impedances would be in the neighborhood of 0.5
W, making the design of the matching networks
difficult. In a similar fashion, models of passive ele-
ments such as chip capacitors, planar couplers, and
vias have been created and deployed in an integrat-
ed CAD platform.

Using synchronized simulation and layout
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to what is done in the IC
design community.

To meet the demand for wireless data communi-
cations, the EDGE standard is being deployed as an
overlay for GSM. This system offers data rates of
several hundred kbp/s, but requires linear amplifi-
cation due to the time-varying envelope. A com-
mon power requirement for DCS EDGE is 100 W
peak-power spanning the 1.805 GHz to 1.88 GHz
frequency region. Using the design kit described, a
100 W module has been designed on a 1,300 x
1,300 mil alumina substrate using LDMOS transis-
tors. The design is based on a branch-line combined
architecture with 11 dB of nominal gain and 25%
PAE, delivering 20 W average power at rated lin-
earity. The design flow for this module is shown in
Figure 1.
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Figure 1. The design flow.

The design process for this type of module
begins with an estimate of the peak-power require-
ments and an understanding of the power density
of the die. State-of-the-art LDMOS technology
currently exhibits 500 mW/mm at DCS/PCS, so in
this case, for a quad-combined architecture, each
die must be approximately 100 mm in gate width.
Settling on a standard 60 W die size, it is placed
into a standard carrier with MOS capacitor pre-
matching using standard wire-bond arrays (for
consistency) and is characterized using load-pull.
The resulting impedance data, defined at a robust
transverse electromagnetic (TEM) point on a 30 W
transmission line (assuming 20 mil alumina), is
used for synthesis of the matching networks. As
described in the previous section, the carrier, MOS
capacitors, manifolds, and substrate of the test-fix-
ture are identical to that used in the module, with a
common reference plane. This eliminates any
ambiguity in setting reference planes and results in
a robust characterization method.

In this example, a two-section match is chosen to
give reasonable gain flatness, usually +0.5 dB. Using
industry-specific CAD software and passive models
of chip capacitors, matching networks can be
designed and simulated while linked directly to the
layout. Via models are also included to illustrate their
impact on resonance. From this design, all associated
assembly documentation is created and the artwork is
taped out directly to the ceramic foundry. The overall
design process takes less than one month, compared
to several months using a standard design procedure
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with stub tuners, discrete device technology, and con-
ventional PCB layout techniques. More significantly,
the ceramic substrate costs less than a single high-
power RF package, making this approach competi-
tive with discrete technology.

Summary

Third-generation wireless infrastructure requires
high linearity RF PAs, which are low cost and capa-
ble of being deployed rapidly in a variety of design
environments. Classical RF PA design was slow,
did not provide trade-off information, and required
a large investment in technical expertise and hard-
ware. Leveraging design flow models from the IC
world enables high-power RF design to be done in
an integrated design environment. This results in
low-cost RF modules that can be purchased off-the-
shelf for standard design applications. For those
applications calling for custom designs, an RF
module can be done as a customer-owned tooling
(COT) design. In either case, due to the low cost of
the alumina substrate, with respect to high-power
RF packages, an extremely high value-added
RF PA results with a cycle time equal to
standard discrete design.
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By Bob Kelly

FCC Compliance
for Wireless Licensees

(FCC) issued a Public Notice on February

25, 2000, to restate the commission’s posi-
tion that wireless licensees comply with federally
mandated RF compliance regulations before
September 1, 2000. Prior to this, the last notice was
the Report and Order on October 15, 1997.
SiteSafe’s Bob Kelly sat down with Jerry Ulcek, an
Electronics Engineer with the FCC’s Radio
Frequency Safety Office of Engineering and
Technology Division, to discuss what the Public
Notice means to licensees, and the penalties that
licensees may face due to non-compliance. Here is
what he found.

The Federal Communications Commission

Will the FCC grant a “grace period” to
licensees that are not in compliance?

Ulcek: We are not anticipating that, no. They
have known about the rules since September 1996
when we adopted the guidelines. They became
effective October 15 for people that were renewing
or putting up a station after October 15.

Does the RF compliance requirement end on
September 1, 2000, or does it become a part
of the license renewal process?

Ulcek: It is an on-going thing. After September 1,
if we find any of the licensees are not in compliance
with these guidelines, they should have already filed
an environmental assessment (EA) with us. If there
isn’t an EA on file, then they are in violation of our
rules. At that point, we can issue sanctions—
whether it is fines or suspending licenses.
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The FCC states that an EA is required in
cases of non-compliance. What steps can
licensees take to remedy non-compliance at
sites to avoid filing an EA?

Ulcek: Every license whether it is a renewal or a
new license, asks the environmental question, are
you in compliance with section 1.13.07 of the
rules? They should have already addressed those
issues. If they haven’t, the EA is not only going to
trigger if they are not compliant with the RF but
also if they built in a wetlands and they didn’t check
with the department of natural resources or if they
built in a historical area. It’s going to open up a can
of worms. They will have to start the whole appli-
cation process over because of the EA. To remedy
it, they had better make sure they have their
approvals ahead of time.

Clarify the phrase ‘categorically excluded.’

Ulcek: That is probably the most misinterpreted
phrase or sentence that has ever been put into the
FCC Rules. Categorically excluded refers to Table
1 in Section 1.1307 of our Rules and is entitled
“Transmitters, Facilities and Operations Subject to
Routine Environmental Evaluation.” It is also found
in Table 2 of Appendix A in OET Bulletin 65. The
table lists certain powers that if exceeded and/or
heights that are less than 10 meters, would require
you to do a routine evaluation. If you are above 10
meters and/or below a certain power level or are not
in the table, than it is said you are categorically
excluded from having to do a routine evaluation.
That does not mean that you are excluded from



having to comply with the guidelines. We created
the categorical exclusion to try to exclude certain
“non-problem” sites such as cellular base stations
mounted higher than 10 meters on a monopole
from having to do a routine evaluation because
their heights and powers will not cause ground
level exposure above the public guidelines.

What responsibilities does a categorically
excluded licensee have to other co-located
licensees?

Ulcek: They still have an obligation to assist
with making sure that the rooftop is in compliance
if they are co-located. It boils down to the 5 per-
cent rule. They must find out if they contribute 5
percent or more MPE.

How can a categorically excluded licensee
determine if they are contributing more than
5 percent MPE?

Ulcek: There are multiple ways. You can do cal-
culations, you can do modeling using software or
you can take measurements. It is easy if you are the
lone person up there and you know what you are
putting out. As soon as you are co-located, it is a
different ball game because there are multiple
antennas involved. Even though your antenna
alone might not be the one causing the brunt of the
problem, it could be contributing.

Does the FCC favor software modeling when

evaluating cases involving adjacent rooftop
facilities?

Ulcek: Modeling is a perfectly acceptable way
of determining compliance and MPE levels. But a
model or a calculation is no good unless you have
the right input. As long as you have the parame-
ters for all of the antennas involved—the frequen-
cies, the channels, the antenna patterns, the input
into the antenna—it is probably more effective
than actual measurements because they are only a
point in time and you may not catch the worst sce-
nario. Modeling is going to overestimate the fields
that people generally will be exposed to because
it would be a very rare event where you had all
channels up, all the time. Modeling may be more
accurate as long as the inputs are accurate.

Should licensees be more or less concerned
with liability issues vs. possible penalties
imposed by the government?

Ulcek: We are going to be working on the penal-
ties but with all of the liability issues our penalties
will be miniscule compared to what someone could
sue you for inevitably. So the liability issue is
something licensees are going to have to start look-
ing at harder.

Who is responsible — site managers, building
owners or licensees?

Ulcek: From the FCC’s perspective, it is g
the licensee, period.

NDIROT T

COMMUNICATIONS GROUP

Engineering the Wireless Spectrum

¢ Public Safety Communications Engineering
* RF Emissions Compliance
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972-580-1911, Fax: 972-580-0641
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By Lynn Meadows

Digital Radio Debuts

all it a radio revolution. With the introduc-
‘ tion of two new digital technologies in

2001, consumers soon will have a multi-
tude of digital audio choices available in their car.
Receivers for digital satellite radio and digital ter-
restrial radio should begin trickling into the mar-
ketplace in 2001. And if the business plans of three
companies come true, the analog radio sound that
has been with us since Pittsburgh’s KDKA was
licensed in the 1920s will be just a fading, fizzing,
popping dream.

But consumers can’t hear the crystal clear recep-
tion of local AM and FM radio and the varied con-
tent of national satellite radio with today’s radios.
Get set for the radio receiver market to heat up.

Who's Who

In the satellite arena two companies obtained
spectrum from the Federal Communications
Commission (FCC) in 1997 to provide satellite dig-
ital audio radio service (SDARS).

Sirius Satellite Radio and XM Satellite Radio
expect to each beam 100 channels of digital music and
talk formats from the stars by mid-year 2001 with
receivers available immediately. Each will charge
$9.95 for their services, which will include never-
before-imagined formats and coast-to-coast coverage.

Meanwhile, iBiquity Digital is finalizing devel-
opment on a technology that will allow earthbound
stations the opportunity to go digital. The in-band,
on-channel digital audio broadcasting technology
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(iDAB) allows radio stations to simulcast digital
and analog signals on the same frequency. Stations
are expected to begin adding digital to their signals
in 2001 pending the resolution of certain techno-
logical and regulatory hurdles. If they build it, will
consumers come?

Investing in the Technology

Sirius Satellite Radio and XM Satellite Radio are
betting big money that consumers want more lis-
tening choices in their cars and are willing to pay
for them.

XM built the world’s largest broadcast facility in
Washington D.C. including a room the size of a
small gymnasium for live bands. Sirius constructed
its national broadcast studio in New York City in
Rockefeller Center.

Sirius plans to begin its broadcasts at the end of
2000 or early 2001 provided the launch of its third
and final satellite in November is successful. XM
hopes to have its two satellites in place and “go
national” in the second quarter of 2001. Repeaters
on the ground will help both services maintain sig-
nal strength in urban areas.

Muitiple Content Choices

For a monthly subscription fee, Sirius and XM
say listeners will get as many as 100 channels of
formats they have not even imagined. And they will
be able to listen to those formats in their cars and
trucks from coast to coast.



In a study done in May by the Consumer
Electronics Association (CEA), 12 percent of the
respondents said they subscribed to cable radio —
or audio wallpaper as it has been called. But satel-
lite radio is not the same as digital cable radio.

Just as cable introduced channels like the “Arts
& Entertainment Network” and “The History
Channel,” satellite radio will bring formats never
heard on terrestrial stations.

XM, for instance, plans to have channels dedi-
cated to each decade of music since the 1940s com-
plete with disc jockeys who talk like they are from
the era and news drops from the decade.

The lineup for Sirius includes niche formats like
Reggae, Broadway and Children’s Entertainment.
ASIAONE, an Asian-language broadcaster, will pro-
vide programming in Mandarin and Hindi for XM.
Both companies will also use programming from
well-known sources like National Public Radio, the
BBC and Black Entertainment Television.

Who is Interested?

The CEA Digital Radio study found that 28 per-
cent of the respondents were interested in satellite
radio while 33 percent expressed interest in digital
radio. The difference was due to the subscription cost.

But the study also found that 44 percent of those
consumers who listened primarily to compact discs

while driving were interested in satellite radio
because content was most appealing to them.

The first generation of satellite radio receivers
will receive only one of the services.

The two companies have agreed to develop a
unified standard for satellite radios. A combined
Sirius/XM satellite, however probably will not be
available to buy until 2004 or 2005.

XM Satellite Radio said there will be home
products and portable products like CD players
with AM/FM/XM manufactured. XM subscription
prices for multiple radio distribution packages had
not been set.

The receivers will range from $249 to $499
depending on features. Most will display at least
some limited information like the name of the chan-
nel, title and artist. Alpine, Clarion, Delphi-Delco,
Mitsubishi Electronics Automotive America,
Motorola, Pioneer and Sharp will manufacture and
market XM-capable radios.

Sirius has alliances with Alpine, Audiovox,
Clarion, Delphi Delco Electronics, Kenwood,
Panasonic, Recoton, Sanyo and Visteon to design
and develop receivers for the automotive aftermar-
ket and for installation in new cars.

Car manufacturers agree. BMW, Daimler
Chrysler, Dodge, Ford, Jaguar, Jeep, Mazda,
Mercedes, and Volvo cars as well as Freightliner
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and Sterling heavy trucks have all made alliances
with Sirius which will begin putting Sirius
receivers in new cars in 2001.

General Motors and Honda have each invested
$50 million in XM Satellite Radio and XM Radio
has a 12-year distribution agreement with General
Motors to integrate XM-Ready radios into its vehicles
starting in 2001. Freightliner will also begin to offer
XM radios in its new model Freightliner, Sterling,
American LaFrance trucks and Thomas Built buses
beginning in 2001.

Back on the ground...

XM is billing its satellite service-as “the next
generation of radio,” but the older generation of
radio is not ready to be left behind. Throughout the

world, broadcasters have adopted a technology
called Eureka 147 that allows them to broadcast
digitally. The technology did not take off in the
United States because it requires a different fre-
quency band.

U.S. broadcasters did not want to migrate from
the FM band for fear of losing their “brand equity”
— all the blood, sweat and tears that make a station
be known as “106.9 The Fox” instead of just a clas-
sic rock station.

Enter USA Digital Radio and Lucent Digital
Radio. The two worked separately to come up with
digital radio technologies. Both promoted the idea
of in-band, on-channel digital audio broadcasting
(iDAB) which will allow broadcasters to add digi-
tal to their current frequencies without interfering

LOCKARD
ITE .
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B Engineering

W Licensing
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Marcus J. Lockard
Al Chisholm
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with the analog signal.

The two companies agreed to
merge over the summer and
started to combine the best parts
PY of their respective technologies.
When that process is finished,
the Federal Communications
Commission will need to change
its rules to allow broadcasters to
upgrade their technology. The

” FCC may also want to adopt a
6’”2?55 w digital radio standard.
SPL Fif f the 1 di
Celecommunications e e o MBS T

groups in the country including
all those in the top 10 have invest-
ed in iBiquity. These groups own
roughly 1,983 of the nation’s
12,000 radio stations and control
about 46 percent of the radio
industry’s total revenues — a fig-
ure higher than $17 billion in
1999. It will cost broadcasters
between $30,000 and $200,000
to upgrade and broadcast in digi-
tal. Once consumers hear the dif-
ference, many ‘“non-traditional
after market consumers” may
buy digital receivers. The third-
generation of satellite receivers is
expected to include both

digital AM and FM capa- -
bilities. 2
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_ By Raymond Minichiello

Reminiscing about
Technology Breakthroughs

romance of the past often occurs following a

technological advancement. The magical world
of wireless attracted young men as operators
aboard ships and land stations who became
enchanted with the blasting sound of sparks. This
was a fraternity of “Sparks,” wireless operators
nicknamed for the nature of the transmitters they
operated.

In the ever-changing world of wireless, a great

The Allure of Sparks
The joy of the wireless operator was keying his
spark transmitter that responded with
a fiery dot and dash across the rotary
gap that illuminated the radio shack
with its blue and white arc, crackling l
like a lightning bolt producing a fra-
grance of ozone. The sound fascinat-
ed men but panicked many ladies. |
Thus was the rapture of “Sparks” in
his radio shack, his life, his dream ful-
filled. I

TUNING
RECORD CARD'

the man behind the wheel of the rotary arc.

But all this became a glory of the past as the con-
tributions of DeForest and Fleming together with
that of companies such as RCA, GE and Western
Electric rapidly developed “radio tubes.” Thus the
birth of the oscillators containing tubes in many cir-
cuitry forms, Heising, Tuned Plate Tuned Grid,
Hartley, Colpitts and foremost of the period, the self-
rectified self-excited push-pull oscillator. This design
engineered for inclusion of the new UV-RCA 204-A
tubes was a masterful development that quickly ele-
vated wireless technology to a new plateau.

—

=3 BUTTONS FILLING HOLES
LEFT BY QG LEADS

Attempts to minimize the noise of
rotary spark gaps in glass enclosures
were hardly successful. A remote
installation of the rotary gap in a
closet like room hardly dampened
the extraordinary shriek of the arc.
But, the arc was music to “Sparks”
the operator. Listening to the arc as
he keyed, he monitored his fist and
developed his swing. Sparks was in
command, he reigned supreme as
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The Changing Landscape
By 1919, spark transmit-

ters aboard ships and land
stations numbered in many
thousands. The need for
new installations was grow-
ing rapidly. The American
Marconi Company, essen-
tially a monopoly of
American wireless commu-
nications, entered into an
agreement with General
Electric Company in which
the controlling shares of
Marconi stock was pur-
chased by General Electric
Company for $3.5 million.
The United States
Government recognizing

FIGURE 2. NOTE TWO NEW CONTACT
STUDS.& ALL LOWER CONTACT
STUDS REMOVED
4" BELDEN BRAID
.. NOTE SINGLE LEAD FOR
ALL WAVE LENGTHS
TUBE CRADLE UPPER
BRACKET &TERMINAL
BOARD
TUBE RACK
TUBE CRADLE LOWER
BRACKET & TERMINAL

BOARD

TANK
INDUCTANCE.
ol

MID-TAPPED PLATE TRANS-
FORMER

FIGURE 3.

FIVE POINT WAVE LENGTH POSITION HOLDER

NOTE THAT #14

DUPLES WIRE

FROM

DIALEMENT

TERMINALS TO
FILAMENT

TRANSFORMER.

NOTE METHOD
OF CONNECT-
ING IN FILA-
MENT
BY-PASS
CONDENSER
AND FILAMENT
VOLTMETER.

the potential of radio communications,
authorized the merger of patents by
General Electric, AT&T and
Westinghouse. Thus was born the Radio
Corporation of America (RCA) in
October 1919. David Sarnoff, a Marconi
employee was named its commercial
manager.

The growing demand for home enter-
tainment products in the early twenties
occupied RCA in the manufacture of radio
receivers, radio tubes, broadcast equip-
ment and included the purchase of the
Victor Company, then prominent in the
recording industry. RCA while concentrat-
ing on the entertainment market continued
to provide the Type P-8 spark transmitter,
through its Radiomarine Division, but
built by the General Electric Company,
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FIGURE 4.

Research laboratory in Schenectady, NY.
General Electric Company, always quick
-nml to recognize an available market, offered

the field retrofit of all installed Model P-8

spark transmitters by simply removing the

rotary arc generator. It installed in its place

a pair of new RCA UV-204-A tubes, wired
ot in push-pull as a self excited oscillator, self-
receive " . . .

\ rectified, together with other minor compo-
nent changes. To further satisfy the market
need, General Electric produced the new

—4— Model P-8, transmitters identical to the
. units modified in the field.
i ® 0 f( “woc The P-8 transmitter was of open frame
RO o . . ,

T construction as shown in figure 1, follow-
1.High voltage power transformer 8. Filament by-pass capacitor IIlg the modification. The essential changes
2.Plate choke 9. Filament transformer .
3.0utput coupling capacitor 10. Filament converter included the removal of the rotary arc
4. Tube, RCA UV-204-A 11. Filament rheostat . . .

5. Plate excitation capacitor 12. Grid leak choke mechanism and installation of the two
6. Grid excitation capacitor 13. Grid leak 18)2 . .
7.Tank coil 14. Filament voltmeter RCA -204-A tubes wired in pUSh'pun

and replacement of the power transformer
FIGURE 5 Schematic of self-exited, self-rectified, push-pull oscillator. with one having a center tapped secondary,
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Lee DeForest and his invention of the
Electronic Tube Amplifier gave birth to modern electronics.

Maurice Zouary will ralqe

the next generation 4 "
of electronic 4
scholars. 4

Maurice Zouary,

Life Memberof the
Radio Club of
America, will donate
a portion of the proceeds
of his latest book, .
DeForest-Father of the Electronic Revolution,
to the Radio Club to establish

a DeForest Grants-In-Aid Fund.

The book, published by 1stBooks, can be
purchased as an ebook |

from www.1stbooks.com.



FIGURE 6. Paul Goodley at the VLF loop antenna aboard the Marconi yacht “Electra.”

fed directly from the motor driven 500 cycle AC
voltage generator.

In Figure 2 the 2 KW power transformer can be
seen at the base of the transmitter. Figure 3 is a
more detailed view following the conversion illus-
trating the antenna-coupling coil at the left of the
tank coil. Installation of a five position switch
allowed tapping the tank coil for operation on five
different frequencies, a new feature compared to
the broad single frequency restriction of the spark
transmitter. Further the tubed transmitter generated
a sharp, clean signal tone modulated by the 500
cycle motor generator.

In self-rectifying circuits, the AC voltage from the
secondary of the center-tapped power transformer is
applied alternately directly to the plates of the oscil-
lator tubes. During the positive cycle, the output volt-
age will be developed whereas during the negative
half cycle, the tube is inoperative. As in a full wave
rectifier, the plates are supplied with AC voltage
alternately, 180 degrees out of phase. Because the
circuitry contains a high tank inductance, the current
drawn by each tube is fairly constant.

However, the 500 cycle generator introduced
AM modulation and any imbalance of the tubed
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circuitry contributed a bit of phase modulation, thus
by combination of the two, there was introduction
of prominent side bands. But the modulated carrier
delivered a melodious tone signal then known as
modulated continuous wave (MCW) that sent the
Department of Commerce scurrying to classify the
new mode of transmission.

But alas, after the conversion, the wireless oper-
ator lost his identity as the noise generator nor
could he monitor his sending fist in the absence of
the shrieking arc. The UV-204-A although
designed in 1920, has until today enjoyed contin-
ued favor in the design of broadcast, commercial
and radio amateur transmitters as final amplifiers.
A pair of 204-A tubes as a self-rectified amplifier in
C.W. circuitry was commonly used in the early
twenties negating the need for a filter section of the
power supply. The Radio Club of America partici-
pating in the 1BCG successful 150-meter transat-
lantic tests by club member Paul Godley in 1921,
utilized a pair of UV-204-A tubes as final ampli-
fiers at the Greenwich, CT, transmitter site.

Guglielmo Marconi quick to recognize the ben-
efits of high-frequency (HF) over very-low fre-
quency (VLF), switched to the UV-204-A in new



transmitters in his European operations as he vacat-
ed the lower frequencies and spark. Confidence in
the higher frequencies by Marconi was enhanced at
his meeting with Paul Godley on the yacht,
“Elettra.” Figure 6 shows Godley who described
his successful transatlantic tests.

The End of the Spark

The romantic days of the rotary-arc transmitter
were over. No more would men be attracted to and
fascinated by the roar of the arc. The women who
once cringed at the sound of the arc were pleased at
the elimination of the “awful noise.” In the quiet-
ness of the radio shack, the “Spark” became more
conscious of his sending fist as the new transmitter
produced a crisp sharp tone. Operators learned to
cut the input switch to the motor generator during
the last sentence of a transmission. This caused the
tone frequency of the modulated dots and dashed to
decrease and fade away as the motor generator
R.PM. slowed down and as they held the key down
for the last letter of “SK.” The technique became
known as “musical English.”

The professionals soon learned to manipulate
the power switch on and off during an entire trans-
mission to produce a singsong of dots and dashes.
Thus, the birth of vacuum tubes and new circuit
technology wiped out the spark transmitter that for
twenty years had reached a peak of development as
the rotary arc, quenched gaps, staggered rotary
gaps and too, the fifty-ton 200 KW Alexanderson
alternator, the last two manufactured by General
Electric in 1921.

The transition from sparks to the more sophisti-
cated technology of oscillators and amplifiers
employing the vacuum tube such as the new 203
and the UV-204-A occurred almost overnight. It
was a shock to the wireless (radio) industry includ-
ing the fraternity of “Sparks,” rendering all of their
learning of arc generators just a memory. In the
business of wireless communications, revolution-
ary developments in technology will continue to
profoundly affect our daily living, leaving
behind lots of time to relate tales of “how it o

C
once was.” "
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Gary Eisenberg
10500 Saddle Road
Monterey, CA 93940
Phone: (831) 373-7742
Cell: (831) 809-6500
Fax: (831) 646-0595
Email: GIE10500@aol.com

RADIO COMMUNICATIONS SITES & SERVICES

KATHREIN INC., SCALA DIVISION

Dan Fowler, Vice President Sales

P.0.Box 4580

Medford, OR 97501

Phone: (541) 779-6500

Fax: (541) 779-7753

Email: dfowler@kathrein.com
Web Site: www.kathrein.com

COMMUNICATION PRODUCTS,
ANTENNAS,FILTERS

KATHREIN

SCALA DIVISION

ANTIQUE RADIO STORE

Jack Hofeld, Owner

8280 Clairemont Mesa Blvd, Ste.114

San Diego, CA 92111

Mailing Address: 7420 Clairemont Mesa Blvd #103-531
San Diego, CA 92111

Phone/Fax: (858) 268-4155

Email: antrad@juno.com

‘Web Site: www.oldradiosrus.com

BUY, SELL, SERVICE, RESTORE

TELE-MEASUREMENTS, INC.

William E. Endres, President

145 Main Ave

Clifton, NJ 07014

Phone: (973) 473-8822

Fax: (973) 473-0521

Email: tmcorp@aol.com

‘Web Site: www.tele-measurements.com
VIDEOCONFERENCING & DISTANCE LEARNING
R0OMS/PRESENTATION AND LCD PROJECTION

SYSTEMS/CCTV SURVEILLANCE & REMOTE

THE GALLELLI GROUP, INC.

Joe Gallelli, Communications Systems Consultant

(G-

COMMERCIAL & PUBLIC SAFETY PRACTICE

477 Seminole Woods Blvd.

Geneva, FL 32732

Phone: (407) 349-9199

Email: 102652.1051@compuserve.com

DH MARKETING

mMARKEﬂNG

Carroll Hollingsworth,
6015 Lohman Ford, Ste.101
Lago Vista, TX 78645
Phone: (800) 966-3357
Fax: (512) 267-7760

Cell: (512) 751-5472
Email: dhlago@jio.com
Web Site: www.dhinc.com

MANUFACTURERS’ REPRESENTATIVE

MoNITORING
WB2JKJ AUTHENTIX NETWORK, INC. MEGAHERTZ TECHNOLOGY, INC.
RADIO CLUB OF JUNIOR
HIGH SCHOOL 22 NYC, INC. Mal Gurian, Chairman Jim Hopper
Joseph J. Fairclough, President
PO Box 1052 5245 88th St, East AU T H j NOT O < 5622 E University

New York, NY 10002-0912
Phone: (516) 674-4072 p
Fax: (516) 674-9600 WB
Pager: (516) 252-0838

Email: crew@wb2jkj.org o
‘Web Site: www.wb2jkj.org

Bradenton, FL 34202
Phone: (941) 752-1133
Fax: (941) 752-1144
Email: malgurian@authentix.net
‘Web Site: www.authentix.com

WIRELESS SERVICES COMPANY

Dallas, TX 75206
Phone: (214) 365-0933
Fax: (214) 365-0324
Cell: (214) 507-7862
Email: jim@mhztech.com

TWO-WAY RADIO SALES, RENTAL, REPAIR

ACTICOM WIRELESS COMMUNICATIONS

Joseph E. Fiorini, Esq, President
12459 Tamiami Trail

Punta Gorda, FL 33955

Phone: (800) 958-4717

Fax: (941) 575-9883

Email: jflorini@acticomwireless.net
‘Web Site: www.acticomwireless.net

SALES, SERVICE, INSTALLATION
& CONSULTING

HARK SYSTEMS

Randy Hargenrader, President

2675 Lake Park Dr. Ls-‘éﬁnKs
N. Charleston, SC 29406 h
Phone: (843) 764-1560 Conniiarontion
Toll Free: (800) 367-4275
Fax: (843) 764-3692

Email: randyh@harksystems.com

WIRELESS COMMUNICATION SOLUTIONS

MAURY E. BETTIS COMPANY

Mary Japel -

2709 Jackson

Sioux City, IA 51104

Phone: (712) 225-0449

Fax: (712) 225-8153

KC Office: (800) 827-0621

Email: japel@bettiscompany.com
‘Web Site: www.bettiscompany.com

MANUFACTURERS’ REPRESENTATIVES
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KAHN COMMUNICATIONS, INC.

Leonard R. Kahn

501 Fifth Ave
New York, NY 10017
Phone: (212) 983-6765

WAVELYNX INTERNATIONAL, INC.

William C. Margiotta, CEO
1257 Activity Dr

Vista, CA 92083

Phone: (760) 598-9090
Direct: (760) 598-1008

Fax: (760) 598-9195

Cell: (760) 505-7337

GUNSITE

Owen Mills, President
2900 W Gunsite Rd T GUNSITE
Paulden, AZ 86334-4301

Phone: (520) 636-4565

Fax: (520) 636-1236

Email: gunsite@northlink.com

PROFESSIONAL ENGINEER, Email: william@wavelynxinc.com Web Site: www.gunsite.com
COMMUNICATIONS, BROADCASTING ‘Web Site: www.wavelynxinc.com
AND SATELLITE MICROWAVE RF SPECIALISTS
STI-CO INDUSTRIES, INC. POWER SALES COMPANY HUTTON COMMUNICATIONS, INC.

Antoinette P. Kaiser, President/CEO

11 Cobham Dr

Orchard Park, NY 14127-4187
Phone: (716) 662-2680

Fax: (716) 662-5150

MOBILE TWO-WAY RADIO ANTENNAS

Carl Mathis, President
PO Box 99356

Raleigh, NC 27624-9356
Phone: (919) 676-0602
Toll Free: (888) 262-8444 or (888) 2MATHIS
Fax: (919) 847-4742

Email: carl@powersalesco.com

Web Site: www.powersalesco.com

MANUFACTURING REPRESENTATIVES

SALES COMPANY

William Mueller, President
2520 Marsh Lane

Carollton, TX 75006

Phone: (972) 417-0101

Fax: (972) 417-0180

Email: muellerw @ huttoncom.com

HUTTON

wal

THE FIRST CHOICE IN WIRELESS DISTRIBTION

STEPTOE & JOHNSON LLP

Leonard. Kolsky

1330 Connecticut Avenue, NW
Washington, D.C. 20036-1795
Phone: (202) 429-6492
Fax: (202) 429-3902

[STEPTOE & JOHNSON wie |
Email: lklosky @steptoe.com

THE NEW ENGLAND MUSEUM
OF WIRELESS AND STEAM, INC.

Robert W. Merriam, PE., President
Phone: (401) 885-0545
Fax: (401) 884-0683

WINTE
1300 Frenchtown Rd

East Greenwich, RI 02818 %
Email: newsm@ids.net

Web Site: http://users.ids.net/~newsm
ENGINEERING MUSEUM

WAVETEK WANDEL GOLTERMANN
Don Nordenholt, Systems Engineer
North American Sales Region
990 N Bowser Rd, Ste.780
Richardson, TX 75081-2859
Phone: (972) 231-2286
Fax: (972) 231-3671
Pager: (800) 788-7210
Cell: (972) 977-5927
Email: don.nordenholt@wwgsolutions.com
‘Web Site: www.usa.wwgsolutions.com
COMMUNICATIONS TEST SOLUTIONS

Philip C. Leavitt, President
600 Knightsbridge Pkwy
PO Box 1492

LEAVITT COMMUNICATIONS
Lincolnshire, IL 60069-1492
Phone: (847) 676-8898

bl ea s
Fax: (847) 676-8744

Email: pcleavitt@leavittcom.com

AUTHORIZED PAGING DISTRIBUTOR

DECIBEL PRODUCTS

Louis J. Meyer, P.E., Vice President, Technology
8635 Stemmons Freeway

Dallas, TX 75247-3701

Phone: (214) 631-0310

Direct: (214) 819-4226

Fax: (214) 631-4706

Pager: (800) 946-4646

PIN: 227-3916

Email: Imeyer@decibelproducts.com
Web Site: www.decibelproducts.com

NOTTAGE & ASSOCIATES, INC.

Donn R. Nottage, President

1583 E Genesee St., PO Box 421
Skaneateles, NY 13152-0421
Phone: (315) 685-8991

Fax: (315) 685-6199

Email: drn@nottage-assoc.com
‘Web Site: www.nottage-assoc.com

PROFESSIONAL ELECTRONICS REPRESENTATION

MARCUS COMMUNICATIONS
& ELECTRONICS, INC.

Bruce S. Marcus, President
275 New State Road,

P.O. Box 1498 ' \ / ‘
Manchester, CT 06045

Phone: (860) 646-1839 (24 hr.)

Toll Free: (800) 800-833-7724 (Weekdays 8:30-5:00)
Fax: (860) 649-8492

SALES, RENTALS, LEASING

SHADOW BROADCAST SERVICES

E

Maryanne Micchelli, Account Executive
201 Route 17 North, 9th Floor
Rutherford, NJ 07070
Phone: (201) 939-1888
Fax: (201) 939-1043
A Westwood One Company

MAXRAD, INC.

Jeffrey C. Penteris, Chief Technical Officer and

Vice President, Engineering
4350 Chandler Dr

Hanover Park, IL 60103-6763
Phone: (630) 372-6800

Fax: (630) 372-6851

Email: penteris@maxrad.com

STATE OF THE ART ANTENNAS
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RJR WIRELESS
Richard “Rich” J. Reichler, President
23501 Park Sorrento, Suite 218
Calabasas, CA 91302-1381
Phone: (818) 222-SITE (7483)
Fax: (818) 222-7487
Cell: (818) 903-5189
Email: RIRWireles@aol.com

CONSULTING AND SPECIAL PROJECTS
FOR ANTENNA SITE MANAGERS,
OWNERS, AND USERS.

ANDREW SEYBOLD’S OUTLOOK
Andrew Seybold
P.O. Box 2460
(100 Fossil Lane - home address)
Boulder Creek, CA 95006
Phone: (831) 338-7701
Fax: (831) 338-7806
Email: andys@outlook.com
Web Site: outlook.com
NEWSLETTER BASED ON MOBILE
COMPUTING & WIRELESS DATA,
VARIOUS CONFERENCES

TROTT COMMUNICATIONS GROUP

Raymond C. Trott, PE., Chairman

DTROTT

1425 Greenway Dr, Ste.350
Irving, TX 75038

Phone: (972) 580-1911

Fax: (972) 580-0641

Email: ray.trott@trottgroup.com
Web Site: www.trottgroup.com

AURORA MARKETING COMPANY

-| Stan Reubenstein

WAG6RNU

2018 S Pontiac Way
Denver, CO 80224-2412
Phone: (303) 758-3051 ANATS
Toll Free: (800) 525-3580 =
Fax: (303) 758-6630

Email: stan@auroramkt.com

Web Site: www.auroramkt.com

Darren Sextro, Publisher

9800 Metcalf Ave

WIRELESS REVIEW
Overland Park, KS 66212
Phone: (913) 967-1836

Fax: (913) 967-1898

Email: darren_sextro@intertec.com

WEBSTER ASSOCIATES INC.

Roger D. Webster

115 Bellarmine

Rochester, MI 48309

Phone: (248) 375-0420, (800) 521-2333
Fax: (248) 375-0121

Pager: (800) 217-0171

ELECTRONICS MANUFACTURERS’
REPRESENTATIVES

NEXTEL COMMUNICATIONS

Stephen T. Reynolds, Manager Network Operations

6575 The Corners Parkway, Ste.500
Norcross, GA 30092

Nextel Phone: (404) 557-2345
Office Phone: (770) 825-9832

Fax: (770) 825-9065

Email: stephen.reynolds @nextel.com

NEXTEL

HERSCHEL SHOSTECK ASSOCIATES, LTD.
Herschel Shosteck, PH.D., President

11160 Veirs Mill Rd, Ste.709

‘Wheaton, MD 20902-2538

Phone: (301) 589-2259

Fax: (301) 588-3311

Email: jzweig @shosteck.com
International Wireless Analysts, Strategic Wireless Seminars,
Special Studies, Quarterly Studies of the US Cellular & PCS

Markets, Monthly Strategic Market & Competitive Analysis

WALLACE & WALLACE
Donald G. Werner, Vice President

11823 E Slauson Ave, Ste.38 P’ S
Santa Fe Falls, CA 90670
Phone: (562) 945-2908
Fax: (562) 693-6313
Residence: (626) 359-3358
Email: don.werner@prodigy.net
ELECTRONIC MANUFACTURERS’
REPRESENTATIVE

REGIONAL COMMUNICATIONS, INC.

Tony Sabino

E64 Midland Ave, Box 144
Paramus, NJ 07653-0144

Phone: (201) 261-6600

Fax: (201) 261-6304

Email: tsabino@regionalcom.com
‘Web Site: www.regionalcom.com

SALES, SERVICE, INSTALLATION WIRELESS
PRODUCTS & SYSTEMS

ITT INDUSTRIES

ITT Aerospace/Communications

Eric D. Stoll, Ph.D., P.E., Sr. Staff Engineer

*ITT Industries

100 Kingsland Road
Clifton, NJ 07014-1993
Phone: (973) 284-4887
Fax: (973) 284-3394
Email: ericstoll@itt.com

Larry H. Will, PE,

Professional Engineer, W3VU
1055 Powderhorn Dr

Glen Mills, PA 19342-9504
Phone: (610) 399-1826

Fax: (610) 399-0995

Email: lwill@voicenet.com

ENGINEERING CONSULTANT

SCHWANINGER & ASSOCIATES P.C.
Attorneys at Law

Robert H. Schwaninger, Jr.

1331 H Street NW

Suite 500

Washington, D.C. 20005

Phone: (202) 347-8580

Email: rschwaninger @sa-lawyers.net
Web Site: www.sa-lawyers.net

SMARTRUNK SYSTEMS, INC.

John J. Sullivan, Vice President Sales & Marketing

23278 Bernhardt Street - Ky
marTrunk

Hayward CA 94545-1621 (

Phone: (510) 887-1950, ext. 39 J Uiz -

Fax: (510) 887-4011

Email: j_sullivan@smartrunk.com
Web Site: www.smartrunk.com

WIRELESS COMMUNICATIONS
RADIO TRUNKING

SOFTWARE T.Q.M.

Paul A. Willis, P.E.

PO Box 456

Altadena, CA 91003-0456
Phone/Fax: (626) 791-0809
Email: swigm@aol.com

SOFTWARE DEVELOPMENT MANAGEMENT,
EMBEDDED CONTROLLERS
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- ) 1 negotiation and legal expertise,

W 11‘61688 integrated to meet the challenges
: * Seamless USGS topographic maps resented by the new FCC/OSHA
system presented by the ne
1 . « Integrates with GIS regulations concerning human
p annlng exposure to RF radiation.

Software- *Multsle terrain data

e Turn-key services

o Garrier to Interferer evaluation assure t ° at .
our sites remain

in compliance.

Avoid surprises in your wireless
system. RFCAD’s field tested
Biby-C algorithm and easily
learned features make
“what if” scenarios simple,
efficient and accurate.
RFCAD provides high
quality signal strength displays on
digitized USGS topo maps, or
popular GIS software displays.

o) AT 003"

Voice 703/ 276-1100
Fax 703/ 276-1169

1303 N. Fillmore St
2nd Floor
Arlington
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The Radio Club of America, Inc.

Founded 1909

WORLD’S FIRST RADIO COMMUNICATION SOCIETY

APPLICATION FOR MEMBERSHIP

Date:

TO: THE EXECUTIVE COMMITTEE

| hereby apply for 1 Regular [ Retired O Student (please check one) membership in THE RADIO CLUB OF AMERICA INC. and
certify that | meet the requirement for the grade selected. | further agree that, if elected, | will be governed by the Club’s Constitution
and By-Laws as long as | continue to be a Member.

Signature
Full Name:
(LAST) (FIRST) (INITIAL) (CURRENT AMATEUR CALL)

Home Address:

(STREET) (The above information is used for mailings and your membership directory listing)
(cIy) (STATE) (ZIP CODE)
Business Address:

(ORGANIZATION) (DIVISION)

(STREET) (crm) (STATE) (ZIP CODE)
Telephones: Home E-Mail Fax
Business Ext. E-Mail ' Fax

Birthplace: Date of Birth:

Education and ‘memberships in other clubs and societies:

In what particular branch of the communications art are you most interested?

Present occupation

In what year did you become interested in electronic communications?

Previous experience (indicate approximate dates):
(a current resume may be attached to the application)

Please list the name of a member to whom you are personally known and who will sponsor you.

Sponsor:

Mail this application to The Radio Club of America, Inc., 244 Broad Street, Red Bank, NJ 07701 (732-842-5070), with applicable total due af
initiation as indicated on reverse of form. All monies to be issued in U.S. funds, drawn on a U.S. bank. International money orders and
traveler’s checks are accepted in U.S. funds, payable in the U.S. Checks should be made payable to The Radio Club of America, Inc.




The Radio Club of America was founded in 1909 by a group of the industry’s pioneers, and is the first active electronics
organization in the world. Its roster of members is a world-wide Who's Who that includes many who founded and built the radio
industry.

The Club’s obLecﬁves include promoting cooperation among individuals interested in electronic communications and in preserving its
history. The Club administers its own Grants-In-Aid fund to provide educational scholarships from tax-deductible contributions of the
Club’s members and business organizations.

The Club publishes and distributes its PROCEEDINGS twice a year.
e e .

ENTRANCE FEE AND DUES
Membership Annual 3-Year Initiation *Total Due
Category Dues Rate Dues Rate Fee At Initiation
Regular $35 $95 $40 $135 (Includes 3-yr’s dues)
Retired $20 $55 $25 $ 80 (Includes 3-yr's dues)
Student $15 n/a $7 $ 22 (Includes 1-yr's dues)
REGULAR member is a member not qualified for RETIRED or STUDENT status *For Non-U.S. Mailing Address

| dd $45 surch

RETIRED member is at least 65 years of age and fully retired. P (esa : g : or j ear :;r;u::?e
STUDENT member is a fulltime student at an accredited academic institution. to Total Due At Inifiaion

Recommendation of sponsor: (optional)

Sponsor Signature:

Date:

FOR OFFICIAL USE REV-040198

Date and Amount
Date Application received: of Dues Received:

Membership Certificate
Admitted to Membership: and Pin issued on:
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