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By David Hanson

Luther G. Schimpf, 1914 -1992:

A quret contributor to the aavarnce of conmumcanons

nventor, writer, imaginative researcher, and veteran of 47 highly productive years with

Bell Telephone Laboratories in Holmdel, N. J.— these are among the attributes of

Luther (Luke) Schimpf, whose death deprived us of a highly regarded talent. Luke was
quiet, shy and unassuming. He also was one of the original thinkers who helped wage a war,
and to propel America into the age of digital technology.

A 1937 graduate of Ohio State University, Luke took pride in being part of a team that
designed the first digitized-encrypted speech transmission system used during World War
II. He served as technical consultant when the system was installed at Allied Headquarters
in Algiers. Unfortunately, he recalled, the system required air conditioning, so its new home
was an old hotel’s wine cellar with arched ceilings and walls three feet thick.

No Duct Tape
Luke recalled that “considerable redesign of ductwork

was required, and realized that more attention should

have been given to descriptive geometry. We used scaled-
down, trial-and-error paper patterns. Duct tape had not
been invented.”

In recognition of his contributions, Luke was presented
with a number of awards. These included a citation and
replica of the first Bell cellular phone (pictured on the cover)
and the IEEE’s Centennial Medal. In 1988 he was awarded
the RCA Armstrong Medal for his important contribution
to radio art and science.

A survey of the research in which he was engaged
over the years comprises a history of the progress of
modern communications. From the late 1930s
through the war years, Luke was involved in the g
application of electronic devices to switching - J
military communication systems for transmis-
sion of speech over HF radio - transmission and 4l
acoustics applied to local subscriber
stations. During the 1950s Luke was fo-
cused on high frequency application of
transistors. From the late 1950s through
the late 1960s, his work delved into high
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capacity mobile telephone receivers, video tele-
phone systems and subscriber loop systems.

A Foundation Block

One industry source close to Luke says his
invention and application of PCM, spread spec-
trum and frequency band compression in the
early 1940s “must now be recognized for what
it is: a major foundation block in our modern
digital processing technology.” The same
observer notes that Luke’s work had a decided
impact on today’s cellular speech communica-
tions systems.

Luke shared his insights and results in numer-
ous published papers on high frequency, wide-
band transistorized circuits. The 13 patents issued
to him serve as evidence of his originality.

His relentless curiosity spurred the man even
after his retirement in 1984, and he remained a

communication systems engineering consultant
at Bell, a member of the technical staff, and a
notable contributor to the development of elec-
tronic switching, digitized secure speech sys-
tems, transistor circuits, and mobile radio and
paging systems.

Enduring Contributions

Luke, his wife Mary and their two sons lived
in Holmdel, not far from Bell Labs. His leisure
pursuits included amateur radio, fishing and gar-
dening. His contributions to the community
included long-time membership on the township
board of health. But the most lasting contribu-
tions of this self-effacing and prolific man are
the ease and efficiency of today’s communica-
tions systems that we take for granted.
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By Joseph A. Huie, K2PEY

The Last Flight of Amelia Earhart
and Fred Noonan - Part I

art one (Spring 2001, The Proceedings) of

this article addressed the background, tech-

nology and events leading up to one of the
great mysteries in aviation history, the disappear-
ance of Amelia Earhart and Fred Noonan. On
June 1, 1937, the two began their attempt to fly
around the world, departing Miami after a nine
day stop for maintenance.

Earhart and Noonan (the navigator) flew in a
Lockheed Electra 10E, which had been built
especially for Earhart. The aircraft carried the
latest in avionics, including three radio sets that
were doubtless the best available at the time.
The radio sets included a Western Electric Model
13C transmitter with AM voice and CW capabil-
ity and a carrier power output of 50 watts. There
were three crystal-controlled channels tuned for
6,210 kHz (day frequency), 3,105 kHz (night
frequency), and 500 kHz (emergency).

Earhart and Noonan covered 18,500 miles, arriv-
ing in Lae, New Guineaon June 29th. From there
they were to head to Howland Island, a U.S. pos-
session - a distance of 2,563 statute miles. At 00:00
hours GMT (10:00 local time) on July 2nd,
Earhart’s Electra lifted off for Howland Island.
Twenty hours and 14 minutes later, the U.S. Coast
Guard cutter Itasca, stationed just west of Howland,
heard Earhart say: “KHAQ to Itasca. We are on the
line 157, 337. Will repeat this on 6210 kcs. We are
running on line. Listening on 6210 kcs.”

This was the last transmission they heard. At
22:10 GMT Itasca was underway headed north
(337 degrees) in search of a downed aircraft. No
trace was ever found by Itasca or any of the many
other searches that followed.
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Official Opinion and Other Theories

The official U.S. Navy report filed by the Com-
mandant, Fourteenth Naval District, Pearl Harbor,
T.H., dated July 31, 1937 stated in bureaucratic lan-
guage: “It is regrettably unreasonable to conclude
other than that the unfortunate flyers were not
above water upon conclusion of the search.” Most
researchers believe that Earhart and Noonan ran
out of fuel and crashed in the ocean not far from
Howland Island.

There are basically two other schools of thought:
(a) they actually crashed on one of the Marshall Is-
lands about 850 miles to the northwest of How-
land, were captured by the Japanese and died in
captivity or (b) they crashed on Gardner Island
(now called Nikumaroro Island) 405 miles to the
southeast of Howland and died there. These theo-
ries, although held by a minority, are deeply be-
lieved by the proponents.

In assessing the possibilities of what actually
happened, the Itasca radio and ship’s logs give very
important information, especially concerning the
radio signals received from Earhart. Most signifi-
cant, the last four transmissions beginning at 19:12
GMT and ending at 20:14 were all received with
“very good” or “good” quality. We have related this
to a received signal level of 50 microvolts (-73
dBm), S-5 on the military scale of 1 to 5 (an ama-
teur radio signal level of S-9).

Considering the estimated radiated power from
the aircraft (5 watts total and 2.5 watts vertically po-
larized) and the time of transmissions, the propaga-
tion mode that was received must have been ground
wave (surface wave) rather than sky wave. Also, the
propagation analysis suggests that the aircraft was




certainly within 265 miles of Howland during all
four transmissions. See graph on page 28 showing
calculated ground wave and sky wave signal levels
as a function of aircraft distance from Howland.

Note that we assumed a perfectly matched, loss-
less, vertical antenna for reception. As a practical
matter, the actual signal received was most likely
less than the level theoretically predicted. The point
is that Earhart was probably much closer than 265
miles, which should be considered an outer limit.

Earhart at 19:12 GMT said: “gas is running
low...” How much time could she possibly have
had before dry tanks? It is extremely unlikely that
she and Noonan could have reached either the Mar-
shall Islands or Gardner Island; assuming, of
course, that the U.S. Government logs are a reason-
ably accurate reflection of what happened.

APossible Scenario

Earhart and Noonan encountered much stronger
than expected head winds putting their ETA approx-
imately 72 minutes later than the expected 18:00
GMT arrival and significantly reducing the fuel re-
serve. Cloud cover made it difficult for Noonan to
obtain good celestial fixes in the early morning
hours. After sunrise, by measuring the sun’s alti-

tude, Noonan was able to determine a line of posi-
tion; however, their location on the line of position
had to be estimated based on dead reckoning from
the last celestial fix and had significant error.

As they neared Howland, a fateful decision was
made on the method of approach. Because of the
low fuel reserve and because they believed the
RDF could bring them in, they decided to head
straight for the island rather than taking the more
conservative alternative of coming in deliberately
to the north or south and then running down the sun
line to the island.

When they reached the estimated position, the

Photo Source: ATT Archives

Photo Source: National Archives
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island was not there. Earhart was unable to make
the RDF work and Itasca was unable to take a
bearing either. They failed to establish normal two-
way communications so Itasca couldn’t advise of
the clouds to the north and fair skies to the south.
Very likely Earhart had been poorly advised on the
frequency range of the RDF and probably had
never actually used it under real flight conditions.
Whether she had discussed the 7.5 MHz frequency
selection with Noonan is unknown.

After circling without sighting the island, they
turned to fly on the line running 337 to 157 degrees
relative to true north (the sun line). There were two
choices, heading 337 or heading 157 degrees. They
chose poorly, flying away from Howland. By the
time they realized the error, fuel was too low to
complete the flight.

Why didn’t Earhart hear Itasca’s signals until
after 19:28 GMT? Likely she set the Bendix RA-1
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to monitor 7.5 MHz using the loop antenna. The
sensitivity of the RA-1 coupled to the MF loop
must have been poor. She could have accurately
tuned the receiver to 7.5 MHz using a harmonic of
the 500 kHz transmitter channel but it still would
have been necessary to rock the tuning knob in
order to catch the CW transmission from Itasca.
We don’t know her normal practice, but she may
have turned off the receiver for periods of time in
order to save on tube and dynamotor life, in-
creasing the likelihood of frequency drift. These
factors can explain why she might have missed the
7.5 MHz transmissions until a very strong ground
wave signal broke through at 19:29.

Note that 1937 was at the peak of the 17th solar
cycle and the average sunspot number for that year
was SSN=114. ICEPAC propagation analysis pre-
dicts good 7.5 MHz sky wave propagation all
through the night for the estimated distances from
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Itasca to the aircraft.

She could have accurately set the Western Elec-
tric 20B receiver to 3.105 MHz using her trans-
mitter as a calibration source. By our count through
19:28 GMT, Itasca had called Earhart on 3.105
MHz, CW, 31 times. They called using voice 13
times and using MCW once. (They had also called
on 7.5 MHz CW 20 times and 500 kHz CW once.)

Given the high acoustic noise level in the
cockpit, she might have never heard the CW trans-
missions because the 20B had no BFO. The 14
voice/MCW transmissions may have been missed
simply because the transmissions were brief and
she spent most of her time listening on 7.5 MHz.

What Now?

The final chapter on Earhart and Noonan will
never be written until some hard physical evidence
is found. We continue searching for more informa-
tion to help sort out the questions and ambiguities
that still exist. One area where we need more infor-
mation relates to the Bendix RA-1, associated re-
mote control and the RDF loop antenna. Elgen and
Marie Long in their recent, informative book have
described the Bendix receiver as having five bands
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and covering 0.2 to 10 MHz, different than the in-
formation on the RA-1 we have. We also are
searching for manuals covering the radio equip-
ment and antennas carried on board the Itasca.

Until evidence is found, the mystery of what
happened to Earhart and Noonan will remain. \RCJ

Errata

In the Spring 2001 Proceedings, the image below was
incorrectly identified as the Western Electric Model 20
Remote Controlled MF/HF Receiver. It is actually the
Western Electric Model 13C AM/CW 50 watt MF/HF
transmitter.

 Source: ATT Archives
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By Richard J. Reichler

Sizing Up

the Site Lease Marketplace

Our ‘mystery shopper’ explores the current leasing
environment at antenna sites and presents some
observations concerning competitive barriers for

uring the past few years the antenna site
D(a.k.a. tower) industry in the United States

has been changing rapidly, as has the wire-
less industry. This change has been largely due to
the public’s desire for wireless services and to the
Federal Communications Commission’s (FCC) li-
censing of personal communications services
(PCS) frequencies. The change in the tower-site
environment has affected long-time site users as
well as new users providing traditional wireless
services. Many of these users involve what I call
“small” systems. These smaller players typically
require only one cabinet or rack of radio equip-
ment, mount only one or two antennas and op-
erate at relatively low power.

Modus Operandi (Past & Present)

Antenna sites have been critical since wireless
communications began nearly 100 years ago.
Sites are frequently scarce or unique resources,
such as those at strategic high-elevation (moun-
taintop) locations. Because of the high costs of
development and operation, plus the need to re-
duce visual impact, community (multi-user,
shared) telecommunications antenna site facilities
came into being. These have been developed and
managed by a variety of entities. Space on an an-
tenna-support structure (tower) is the most impor-
tant feature of such a shared facility. These
facilities also typically provide space in a pur-
pose-built shelter to house the radio equipment,
primary and standby electric power, security and
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‘small’ radio systems.

safety systems and many other features. The site
selection checklist (see sidebar on page 14) con-
tains a list of factors that should be considered in
the selection of an antenna site facility.

Recognizing that consumption of space, power
and other resources at sites is costly, designers
and manufacturers have increasingly developed
radio hardware that consumes less. Smaller RF
equipment takes up less space, thus helping to re-
duce related costs.

There also is a growing trend of enclosing trans-
mitting and receiving equipment in weatherproof
cabinets so that shelters are not necessary. These
cabinets can be placed on ground-based concrete
pads, on building rooftops, on towers and on other
components of antenna-site facilities.

RF devices are being made more electrically
efficient to help reduce the cost of power as well.
Radomes on antennas continue to help reduce
wind loading and therefore reduce the stress on
costly towers.

Systems of all types with various service offer-
ings and needs share antenna sites. Systems pro-
vide data and voice traffic, and they serve public
safety, government, amateur (ham), business and
other user groups. Small, single-channel systems
typically need only a few square feet of floor
space, one or two antenna positions and low elec-
tric power. These systems include private base
stations, community repeaters, some specialized
mobile radio (SMR) systems, some electronic
newsgathering systems and some fixed wireless
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systems. Some paging systems have a small foot-
print, but they may use a bit more power. High-
power broadcast (radio and television) stations
may be considered single-channel systems, but
they consume more floor space, tower space,
electricity and other site resources. Multichannel
systems, including SMR, enhanced-SMR
(ESMR), cellular and PCS systems, consume a
large amount of space.

Site elevation plays a key role because systems
require varying amounts of coverage area. High-
elevation sites typically serve broadcast, mobile
and point-to-point uses where the communication
content is the same for the wide area served by
each channel.

Low-elevation site facilities (monopoles, com-
mercial building rooftops, water tanks, billboards
and utility poles) are increasingly becoming nec-
essary, especially for providing wide-area per-
sonal mobile services. Low-elevation sites allow
more simultaneous users by allowing the reuse of
RF channels in smaller coverage areas. They also
allow reliable reception of low-power signals
from small personal RF devices. Because many
costs (lease or purchase, maintenance, repair, in-
surance and antenna site space) are associated
with each radio transmitter and receiver, network
system designers try to minimize the amount of
overhead required to serve an area. Their solution
is to use an efficient balance of high-elevation and
low-elevation sites.

Twenty years ago, low-elevation sites were
sparse because there was little use for them and
the costs were high. Although mobile telephony
was not new, the mid-1980s saw the implementa-
tion of the improved and desirable cellular ser-
vice. Low-elevation sites were suddenly in high
demand to serve this new technology. A typical
cellular system installation at an antenna site fa-
cility (which put the word “cell site” in our lex-
icon) requires many antennas as well as many
radio transmitters and receivers. The amount of
consumption at sites is high, but they are also
cost-effective because end-user demand is high.

Cellular came to be considered the first-genera-
tion of personal communications service. The
second-generation, launched in the mid-1990s,
was actually called “personal communications

service.” Unlike the deployment of cellular, the
FCC granted (via high-priced auctions) nation-
wide and regional licenses. Ease of nationwide
roaming, improved quality and other features
have been instrumental in the demand for and the
success of PCS.

FCC deadlines, high auction costs and other
factors have motivated PCS operators to quickly
construct their systems, and therefore to rapidly
acquire antenna sites. New PCS operators are
continuing to pressure the antenna site industry to
supply needed locations. A typical PCS installa-
tion is somewhat like a cellular system, but it
more often uses outdoor cabinets. With third-gen-
eration service deployment forecast for the
middle of this decade, the need for more low-ele-
vation sites is expected.

Consolidation of Antenna Site Suppliers

With the anticipation of PCS and nationwide li-
censes, major consolidation of the antenna site in-
dustry began. The demonstrated success of
cellular and the high expectations for PCS drew
the financial community’s eager support. With
capital more easily available, and with PCS oper-
ators as prospective tenants, many tower compa-
nies began acquiring other tower companies or
their tower assets. Some of these entities envi-
sioned forming nationwide (and international)
tower companies-and some have succeeded.
Today in the United States, there are many nation-
wide, regional and local antenna site suppliers in-
cluding five national landlords that are publicly
owned. (See the list of major U.S. antenna site
suppliers on page 14) When they function well,
the large site providers can help large wireless
system operators quickly construct their networks
by providing large blocks of sites, developing
many new sites, negotiating volume leases and
billing in bulk. If they function poorly, these com-
panies may become bureaucracies and may mis-
manage many functions such as tower
development, installation coordination, billing,
customer relations and regulatory compliance.

In less than five years, many PCS systems have
been deployed, and a large number of new sites
have been developed, thanks to the efforts of the
consolidated companies. It appears that the PCS
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operators, along with their investors and cus-
tomers, have been getting a lot of support from
these large tower site providers. Considering the
public demand for PCS, this use of financial and
human resources seems appropriate.

The challenges have been understandable, and
not everyone is pleased with all the effects of con-
solidation. All site customers have been inconve-
nienced by the newly consolidated entities as they
have struggled to organize these new, unwieldy,
large organizations. Even the PCS community
would acknowledge that the past few years have
had some challenges, but at least they are getting
many new sites that they need. Many small system
operators are upset because they are harmed by the
inconveniences, as well as by the higher prices and
more challenging lease terms and conditions.
These system owners believe they are not gaining
as much from the consolidations as the nationwide
carriers-or in some cases, anything.

Many small operators are established busi-
nesses with a smaller scale of annual growth, so
they do not get much benefit from most of the
new sites becoming available. Most of the large
site providers gladly serve the smaller operators,
and they are able to do so, to varying degrees.
Most have the appropriate sites to serve this user
community, but some have few high-elevation and

“other applicable sites.

Competition has affected site users in various
ways. The public is continuously hearing about
the competition among ESMR service (princi-
pally, Nextel Communications) and the cellular
and PCS operators. Their use of antenna sites is
comparably larger, although the underlying site
costs are about the same. Smaller carriers are
trying to compete with their community repeaters,
SMR systems and other systems. Their resource
requirements at any given site are smaller, but
they use fewer sites. On a per-channel basis on
any given site, the cost for space for a larger
system is typically less than for a small system. If
channels have little customer traffic, then the site
space may be considered costly on a per-customer
basis. A system operator will want to keep the
total costs per customer/user to a minimum.

Site space costs have increased for a variety of
reasons, many due to industry growth driven by
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the increased demand for wireless services. In-
creased awareness of wireless systems and an-
tenna sites has brought additional regulations, and
it has increased the costs of site development and
site operation. Some of these costs relate to spe-
cial care given for development in historic dis-
tricts, scenic trails and migratory bird paths. An
accelerated effort has been driven by regulators,
to ensure air-traffic safety, RF emission exposure
safety and environmental stewardship.

Financing to acquire and construct antenna
sites adds to the underlying costs, as do the costs
of training new workers involved in site acquisi-
tion and development. Some of the large compa-
nies are successfully using economies of scale to
keep costs down. The efforts of the Site Owners
and Managers Alliance (SOMA), a part of the
Personal Communications Industry Association
(www.PCIA.com), are helping tower companies
to reduce their costs with respect to regulatory and
training issues. Costs and profit goals help drive
what a company may want to charge for site
space, but competition and what the market will
bear balance those price pressures.

Adequate competition is important in our
economy. A consolidator commonly acquires sev-
eral previously competitive sites at locations such
as mountaintop tower farms, thereby reducing
competition. This might cause price increases and
other changes unfavorable to users. The nation-
wide carriers and other large wireless service
providers have several large site suppliers com-
peting (with favorable terms) for their business,
and their need for a vast number of sites reduces
the financial significance of a small minority of
high cost sites. A small system operator may find
that competition has been reduced at an important
location so that prices increase and the operator
and its users are materially harmed.

Follow the Pricing Mystery Tour

Pricing is one of the main forms of competition
among site suppliers. Although the monthly basic
use fee (or rent) is usually the first cost consid-
ered, competition exists in one-time, up-front fees
and other periodic fees. Each site supplier sets up
amix of these fees that it believes will be most ac-
ceptable to its customers-and the most profitable.
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In mid-July, I spoke with representatives of the
major nationwide site providers about the current
state of antenna site pricing. I discussed small sys-
tems and specified an 800 MHz, single-channel
SMR (CMRS) system, using a short cabinet of
equipment and a single whip antenna, and oper-
ating at low power (60W TPO, 300W ERP) in the
Los Angeles/Southern California market. I ob-
tained price ranges because prices vary by loca-
tion in a market due to coverage, competition and
other factors.

Discussions began with up-front fees. The
charging of an application fee is a sensitive com-
petitive issue. Some companies wish to be com-
pensated for the up-front efforts of lease and price
negotiation, document preparation and other ad-
ministrative functions. Users may find this ac-
ceptable if other fees such as the rent are
adequately lower. The Pinnacle Internet home
page states “Never a Site Application Fee!” Some
companies will waive their application fee under
certain situations. Application fees might range up
to $1,500 for a system and are frequently, but not
always, waived for small systems. Occasionally a
structural analysis fee is charged (but almost
never for a small system). This may cost as much
as $2,000.

Rent is the most applicable periodic fee and
usually is on a monthly basis. A range of $150 to
$800 per month was quoted for the above-speci-
fied small system. Large systems can go for as
much as $2,300 per month-and even higher. Some
tower companies will provide discounts if there
are multiple systems on a site or when multiple
sites are leased. Five-year lease terms are typical,
and they usually include annual rent increases.
Currently, annual rent increases range from 3 per-
cent to 7 percent, but it is also possible that a CPI
will be used. For small (and some larger) systems,
the cost of electrical power is usually included in
the rent, based on a reasonable estimate of the
consumption and the utility rate. There may be
provisions for lowering or raising the rent if the
utility rate for electricity changes significantly.
For large systems, it is common for the site user to
obtain its electricity directly from the utility by
having its own meter.

Several other periodic fees that might be charged

18 * THE PROCEEDINGS * Fall 2001

on a monthly, yearly or other basis include charges
for road access and governmental land use. Typi-
cally, a road owner is the entity requiring payment
for road use. The road fee may be linked to on-
going road maintenance, as an incentive to reduce
unnecessary traffic, or it may impose a land-use fee
directly on a site user. Some, but not all, site
providers pass along the land use costs (e.g., rent)
that they incur yearly from federal agencies such as
the U.S. Forest Service.

USFS Fees

In 1997, the Forest Service began imple-
menting a new system for leasing its land. This
system includes a rent structure charged to site
providers, which the USFS designates as “facility
managers.” The rent for each calendar year,
charged annually in advance, includes a base
amount plus an amount for each tenant that was
occupying the facility on Sept. 30 prior to the start
of the new year. The tenant-related fee is only ap-
plicable to occupants that are communications
service providers (e.g., Commercial Mobile
Radio Service), and it is a set amount for each
type of communications service, regardless of a
given provider’s size. Thus, the fee related to a
small (e.g., single channel) CMRS provider is the
same as the fee related to a large (e.g., 20 channel)
CMRS provider at the same site.

The tenant-related fee for year 2001 in the Los
Angeles market for a CMRS provider is just
under $3,400 a year (about $300 a month). Be-
cause the tenant-related fee is specific for each
tenant in a site provider’s facility, some tower
companies are passing this fee on to their cus-
tomers. This is harder on the smaller communica-
tions service providers because they bear a higher
cost-per-channel than their competitors sharing
the facility. Some site providers bill this cost
yearly if the tenant was occupying the site on
Sept. 30. Others raise the monthly rent propor-
tionately, and others do not charge this fee in any
direct form. The Bureau of Land Management op-
erates almost identically to the USFS, and the site
providers deal similarly with their customers. Be-
cause the BLM and USFS rent structures come up
for review in a few years, facility managers and
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occupants most likely will participate in the de-
bate to spur changes.

Other Site Issues

Many site suppliers provide other features and
services useful to site customers. These are fre-
quently beneficial to the smaller customers that
often lack some of these functions and are com-
peting with larger system operators that do have
them. Some site features include standby power
and specially positioned multi-user antenna sys-
tems. Some services include remote site moni-
toring, coverage prediction, permitting and
licensing assistance and technical support.

Accommodating all Comers

All sizes of site providers and system operators
have their special place in serving the wireless
needs of the public. If the owners and operators of
these organizations manage their assets well and
price their offerings well, then a good probability

exists that they will be successful and serve our
society nicely. )

As in most industries, the smaller operators
lack the economies of scale and some other eco-
nomic advantages, but they can thrive by offering
different and special services along with top man-
agement customer care. Considering the ever-
larger number of people and organizations being
served by efficient and useful wireless devices, it
appears that the antenna site industry is per-
forming its function well, despite some of the

challenges and disappointments. ]

.’A

Reichler is the owner of RJR Wireless, Calabasas, CA, which
provides consulting and special projects for antenna site
managers, owners and users. His email address is RJR-
Wireles@aol.com.

Reprinted with permission from the Fall 2001 Site Management
& Technology magazine. Copyright 2001, PRIMEDIA Business
Magazines & Media Inc., Overland Park, KS. All rights reserved.
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By Eli Pasternak

SCM

Aralog moaotiéion for 275t century dipriial content

Contrary to popular
belief, analog
modulation isn’t
going the way

of the dinosaur.

Signal code
modulation, a hybrid
digital/analog scheme,
may offer a viable

alternative.
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every form of information is either digital — or if it is not already

digital (e.g. speech, music and video), it is digitized, stored in dig-
ital media, or transmitted digitally over communications channels. Is ana-
log modulation a relic of the past, relegated to a time when AM and FM
broadcasts were introduced? Should analog modulation ever be consid-
ered for state-of-the-art communications? Are there any clear benefits
over digital modulation? The answer is yes and signal code modulation
(SCM), a hybrid analog/digital scheme with unique advantages, is one
strong player.

T he industry is in the midst of a digital revolution, where virtually

Introduction to signal code modulation

Signal code modulation is a method for transmitting analog informa-
tion over a noisy channel. SCM provides an analog pipe through which
any band-limited waveform can pass, including truly analog information
or the output of a digital modem. The operations that SCM performs on
the payload signal are simple, as illustrated in Figure 1.

The waveform is sampled and quantized, just like a typical pulse code
modulation (PCM) transmission, and the digital signal is then transmit-
ted over the noisy channel using any digital technique, such as quadra-
ture amplitude modulation (QAM). The digital signals are denoted by the
symbol D. However, unlike PCM, SCM does not discard the quantiza-
tion error. This error signal is extracted and transmitted over the noisy
channel as an analog symbol, A.

The SCM transmission and reception processes are depicted in Figure
2. The transmission channel is divided into two channels. Channel 1 is
analog, and channel 2 is digital. In a process essentially identical to PCM,
the original analog signal at the system input is sampled at the appropri-
ate rate, based on the sampling theorem, and converted to digital values.
The resulting D symbols are transmitted via channel 2 using a digital
transmission technique optimized for the channel. Those D symbols rep-
resent N bits per analog input sample. To produce the quantization error



A, the PCM data is converted back to analog and
subtracted from the original input. This A symbol is
amplified by a gain of 2~ or any gain that will opti-
mize the voltage swing of the A symbol with that of
channel 1.

The SCM receiver performs the opposite opera-
tion, combining the A and D symbols into an ana-
log stream replica of the original analog signal.
This replica is not a precise copy of the original sig-
nal, because noise in the channels could vary the A
symbols or cause bit errors in the D symbols.
However, the 2~ amplitude gain in channel 1 has
provided noise power immunity of 2™ to the A
symbols. This is one of the key benefits of SCM.

Its application

This signal processing method is a straightfor-
ward approach in implementing a real wireless
application, as shown by the following example. A
radio channel of bandwidth B is splitting B between
channel 1 and channel 2 (see Figure 2.) The D sym-
bols are transmitted as digital QAM symbols, and
the A symbols are combined in pairs and transmit-
ted as analog QAM. The RF channel bandwidth is
divided by time division into the A and D symbols.

SCM Output

Enhanced Analog Symbol

SCM Input

The actual transmission may consist of a stream of
ADADAD... symbols. If a D symbol contains eight
bits and the RF channel is suitable for four bits per
symbol, the transmitted signal may be arranged as
ADDADDADD..., wherein D is a 16-QAM sym-
bol. If, on the other hand, D is a two-bit symbol and
the channel is suitable for four-bit symbols, the
transmission will be AADAADAAD.... Each par-
ticular application will determine the optimum
SCM mode in terms of choice of number of bits per
D symbol.

The D symbols may be aggregated and encoded
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using forward-error correction (FEC) techniques,
using typical framing and scrambling techniques.
The SCM modem design can become a modifica-
tion of a conventional all-digital QAM modem,
using the synchronization and channel equalization
techniques with slight modifications; thus SCM is
suitable for implementation by existing digital
modem techniques. Furthermore, even the A sym-
bols can be processed digitally using digital signal
processing (DSP) techniques. The presence of D
symbols next to the A symbols simplifies the design
of such a modem by having the receiver rely on the
digital symbols to calibrate the signal gain and per-
form the adaptive equalization. An example of a
transmission constellation in which the original sig-
nal is an unmodulated carrier and the D symbols are
16-QAM is shown in Figure 3. (Note: An explana-
tion of Figure 3 appears in Appendix B.)

Performance comparison

Before explaining why SCM is a nearly ideal ana-
log communications method, it is necessary to
define the ideal reference and compare it with exist-
ing alternatives. A communications link designer
faced with an additive white Gaussian noise chan-
nel of bandwidth B and a limited signal-to-noise
ratio (SNR) might choose a digital link as a first
choice. The analog samples are converted to digital

with a resolution of M bits per symbol. It is well-
known that, by using an ideal digital error-correc-
tion coding technique, the channel can pass the
information error-free at a bit rate that is called the
channel capacity C, where:

C=Blogy (1+SNR)

If the analog signal-sampling rate is R, the number
of bits per symbol cannot exceed M = C*R; thus M

is limited and quantization noise is unavoidable.
The designer may consider analog modulation,
such as frequency modulation FM. Frequency
modulation is known to improve the output signal-
to-noise ratio, referred to below as the signal-to-
noise ratio destination (SNRd), compared with the
signal-to-noise ratio channel (SNRc). FM accom-
plishes this advantage at the expense of bandwidth
increase. The designer will soon find that FM is
inferior to PCM at the minimum-channel SNR.
This is because FM suffers from a threshold phe-
nomenon in which the performance degrades dras-
tically with channel SNR, several decibels (dB)
above the PCM'. Shannon, who studied this sub-
ject, introduced rate distortion theory, from which
the performance of an ideal communications sys-
tem could be derived. Such system performance
will depend on the bandwidth expansion factor b,
which is the ratio between channel band-

3. SCM constsllation with unmodulated carrier input. (An explanation of this figure appears in Appendix B.)

width and source information bandwidth.

The numbers
Shannon has derived the following equa-

. 2
tion :

b
SNRd=(1 + SAZRCJ 1
PCM can meet this SNR curve in one point,
but the quantization noise remains
unchanged as channel SNR exceeds the
threshold value. A similar expression can be

derived for SCM, as shown in Appendix A.
SCM performance is as follows:
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This expression is plotted for »=2 and b=4 in
Figure 4 for both SCM and the Shannon Bound.

In the threshold corner of SCM, the channel SNR
is a fraction of a decibel from the ideal Shannon
Bound. If the SCM curve is to follow the Shannon
Bound for every channel SNR, SCM must adapt its
bit rate and error-coding scheme for each SNR. A
practical implementation of SCM is more likely to
be optimized for one threshold point only: for
example, 23 dB output SNR in Figure 4. The
straight line “single point SCM” depicts the result-
iﬁg performance. The advantage of SCM is now
becoming apparent; while optimum PCM performs
as well at the threshold channel SNR, SCM contin-
ues to improve as channel SNR improves. Any
practical communications link operates most of the
time at a significant margin above threshold. PCM
would remain in threshold performance regardless
of SNR, while SCM improves.

Because SCM is essentially an ideal modulation
scheme for analog signals, it is difficult to come up
with a significantly better scheme. Therefore, SCM
is likely to remain useful for the foreseeable future,
making it a preferred choice for emerging applica-
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tions. The obvious question is: Who needs an ana-
log modulation scheme? Surprisingly, most SCM
applications are related to digital communications,
and this paradox will be resolved in the next section.

Wide range of applications

An SCM-based communications link is basically
a transparent, band-limited analog pipe with near-
ideal performance in noisy channels. Every analog
signal could potentially use SCM because it can
outperform other existing modulation schemes.
However, SCM has a compelling advantage for
digital communications applications as well. For
example, SCM can pass digital information by act-
ing as a repeater of a digital channel. This applica-
tion provides a wireless extension of cable modem
digital information.

As illustrated in Figure 5, a cable modem termi-
nation system (CMTS) transmits a 42 Mb/s 256-
QAM signal in a 6 MHz cable channel shared
among the cable modems located at the subscribers’
premises. The return upstream path from the cable
modems is a 10 Mb/s 16-SQAM signal in a 3.2
MHz cable channel. The signals are carried by a
combination of fiber and coax referred to as a hybrid
fiber/coax (HFC) network. The fiber delivers a large
amount of bandwidth over long distances with
strong noise immunity. Coax cables distribute the
signal between the fiber and each subscriber.

To reach a business park located beyond the
reach of the existing HFC network, the cable oper-
ator installs an SCM-based point-to-multipoint
wireless access system at any point on the HFC net-
work that has line-of-sight to the business park. All
customers located at a particular site share the SCM
radio located at that site. The subscribers simply
use low-cost cable modems that connect to the
SCM radio via a shared coax cable. The wireless
subscribers can even share the same cable channels
with purely wired subscribers because the wireless
link is transparent to the cable equipment.

The significance of SCM in this application is its
ability to take a 256-QAM signal and transport it
over a wireless link suitable only for a lower mod-
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ulation scheme, such as 16-QAM.
SCM provides significant additional
noise immunity, as is depicted in
Figure 4 because it uses bandwidth
expansion to improve the destination
SNR. There is a non-SCM alternative:
the 256-QAM signal could first be
demodulated back to the original data
bits, then modulated as 16-QAM,
transmitted over the wireless link,
demodulated at the destination, and

Figare &

CcMTS

N x 40 Mbps Downstream
N x 10 Mbps Upstream

SCM Central Radio

256GAM
Coax Cable

O
Fiber Backhaul

finally remodulated using 256-QAM.

This alternative would be much more
costly, given the amount of processing required. It
would also add significant latency to the informa-
tion transported because an efficient channel must
perform the error correction of the original signal
before transmitting it over the wireless link.
Furthermore, because SCM provides a transparent
link that is not sensitive to protocol evolution or
variations, it is more future-proof and versatile than
specific digital standards.

A second example is an application from another
discipline: digital audio recording. A new-genera-
tion audio CD could include a digital track identical
to and compatible with existing CD tracks, and in
addition, have an analog track to provide the
enhanced quantization error. Such an analog track
would provide audio performance that depends on
the quality of the recording and of the disc player.
The most discriminating audiophile could use the
more sophisticated player for true analog reproduc-
tion, while the less discriminating users would enjoy
the low-cost CD technology in its current format.

The call

SCM is a versatile, hybrid analog-digital mod-
ulation scheme for transmitting analog signals
to provide a repeater function for digital signals.
The transparent nature of SCM allows it to relay
signals without depending on transmission pro-
tocols and modulation formats. Such transparent
links provide significant cost reduction because
they use mass-produced end equipment such as
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cable modems. The near-ideal performance of
SCM makes it a good choice for low-cost trans-

parent links. oo
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Appendix A:
SNR performancs of an ideal SCM channel

Without loss of generality, it can be assumed that the
source signal is sampled at the Nyquist rate and is transmit-
ted as a discrete symbol. If b=1, the modulation is simply
pulse amplitude modulation (PAM). It is well-known that
this link meets the theoretical limit of performance set by the

Shannon capacity theoremd:

SNRc)" 1
b

SNRd = (1 + (Eqn. 1)

SNRd is the output (destination) SNR, and SNRc is the chan-
nel SNR. Clearly, for b=1, there is no gain, and thus PAM
meets the ideal performance. For b>1 there is a significant
performance gain, but how can it be achieved?

Suppose that a band-limited Gaussian channel is used for
binary transmission and that by channel coding, the channel
capacity is achieved digitally. Such coding is not practical,
but today’s codes closely approach the theoretical limit. The
capacity of a Gaussian channel is:
C=Blog, (1+SNRc) (Eqn. 2)

C is the capacity in bits per second of error-free transmission
over a channel of width B.

Next, consider the following mixed link:

Total bandwidth is bB.

It has an analog portion of bandwidth B.

It has a digital portion of bandwidth (b-1)B.

It maintains the same peak power as the original PAM sig-
nal. Thus, with the bandwidth increase, the channel SNR is
decreased by the factor b (i.e., noise power increases by the
factor b). The available capacity of the digital channel is

C=(®-1)Blog, (1 +¥)

(Eqn. 3)

These bits are used for qualifying the analog symbols in
the analog portion. As there are 2B symbols/sec and C
bits/sec, there are M = C/2B bits per analog symbol. Now the
analog signal in the range [-a, a] is not transmitted in full.
Instead, it is divided into 2™ equal segments. We assume that
M is an integer; however, we treat M as a continuous vari-
able in the following analysis. For each symbol, only one of
the segments contains the analog information. This segment
is magnified to the range [-a,a]; i.e., it is amplified by a fac-
tor of 2"and transmitted with PAM modulation. The M bits
associated with it are transmitted in the coded digital chan-
nel and recovered. The receiver will then take the analog sig-
nal, shrink it back by 2™and translate it to the original level.
The signal-to-noise increase is the square of the magnifica-

tion, thus it equals 2** = 2%, Therefore:

SNRd = (M) 28
b (Eqn.4)

Substituting Eqn. 3 for C in Eqn. 4:

SNRd = (%) 2(b—1)810g2(1+sr’11xc)

And simplifying:

SNRd =

SNRc( SNRc)"'l
1+

Reference
1. B. P. Lathi, page 711.

Appendix B:
SCM constellation explanation

How does SCM cause this unusual constellation diagram
on page 16?

This diagram represents a specific SCM mode, AAD,
wherein the bandwidth expansion is b=1.5, and the input is an
unmodulated carrier within the system pass band, although
not necessarily at center frequency. I is a 16-QAM symbol
carrying four bits, and the SCM conversion uses only a sin-
gle bit per A dimension. The image is a superposition of
many sampling points, each representing a single A or D
point. The collection of all D points creates the familiar 16-
QAM constellation. When depicted as I vs. Q, the original
analog carrier would produce a circle, a familiar Lissageau
waveform. However, SCM, in this example of N=1 bits per
dimension, divides such a circle into four quadrants. The ana-
log difference signal is a quarter of a circle. The four quarters
are superimposed in the image, thus forming the symmetrical
waveform. By changing the amplitude of the carrier, the
quarter circles change their radii, creating different images. l
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Member Profile, George Jacobs, P.E., W3ASK

]! Y  his issue of the Proceedings marks the beginning
of a new series of member profiles. We begin with
George Jacobs. George is the propagation editor

for CQ (a position he has held for 50 years!). He has written

a number of columns and articles dealing with broadcasting,

radio propagation and technical and scientific history. He is

also the author of The New Shortwave Propagation

Handbook.

George has received a number of awards, including The
Marconi Gold Medal Engineering Achievement Award,
Lifetime Radio Engineering award (NAB) and Outstanding
Achievement and Superior Honor Awards (U.S.
Government). He was elevated to the grade of fellow of RCA
in 1977, and was presented the Jack Poppele Broadcast
Award for 1992 for his important and long-term contributions
to the improvement of radio broadcasting. He was recently
honored as Dayton Hamvention’s 2001 Amateur of the Year.

George is a Life Fellow of the IEEE and was the leader of

the IEEE-Popov Society scientific USA-Soviet Exchange in
1978. His bios have appeared in Who’s Who in America;
Who’s Who in the World; Who’s Who in Technology and
Who’s Who in Media and Communication.

The following was written by George and appeared in the
March 2001 issue of CQ.

The Science

of Predicting Radio Conditions

n New Year’s Eve, as this is being written, the

famous ball in Times Square is slowly drop-

ping to welcome in a new year: four, three,
two, one . . . welcome 2001! This will be a very spe-
cial year for me, since it will mark three anniversaries
in my professional career. The new year will be my
60th year in the field of Broadcast Engineering, my
60th year as a licensed radio amateur, and my 50th
year as Propagation Editor of CQ magazine.

Reminiscing

The masthead from the March 1951 issue of
CQ introduced me as the new Propagation Ed-
itor, and my first column appeared in that issue.
Fifty years have passed since my first article—a
total of 600 months—with never a deadline
missed! It takes me an average of three days a
month to prepare and write this column; it has
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been the equivalent of five years of my life.

I usually write the column in Silver Fall, Mary-
land, but my professional broadcast engineering
consultancy often takes me to distant lands. To meet
deadlines I have written columns in more than two
dozen countries, and on at least two occasions
within the sounds of war, in Viet Nam and in Israel.

I was first licensed as W2PAJ in December 1941
and was on the air for only two days when the shut
down of ham radio came after the Pear] Harbor at-
tack. This was long enough, though, to spark my
interest in radio propagation. This interest grew
with my WW II service in radar navigation and
communications. My interest in wave propagation
intensified during my post-war university studies.

I have been an avid reader of CQ since 1946,
when I found of particular interest the monthly
“Propagation Predictions” column and articles




written by the late Perry Ferrell. CQ was the first
journal to recognize the importance of HF predic-
tions and forecasts for radio amateurs. Perry took the
mystery out of HF propagation by converting scien-
tific data into easy to understand and use graphs and
charts. His column was an immediate success.

Due to the pressures of conducting a radio ama-
teur sporadic-E propagation research project for
CQ, Perry stopped writing his monthly columns in
1950. His column was sorely missed, since HF
propagation data was not then readily available in
any other form for radio amateurs.

In 1949, after receiving my Electrical Engi-
neering degree from Pratt Institute, I joined the engi-
neering staff of the Voice of America, specializing in
HF propagation. Aside from my engineering respon-
sibilities, I wrote a weekly propagation report for the
very popular VOA Amateur Radio Program. The
program was written and edited by Gene Black, then
W2ESO, now W2LL, who was also Editor of CQ. It
was voiced by the late Bill Leonard, W2SKE, who
later became the president of CBS News.

In early 1951 Gene invited me to resume writing
Perry Ferrell’s CQ “Propagation” column. I jumped
at the opportunity and had the initial March column
ready in a few days. It was my goal to provide CQ
readers with the very latest state-of-the-art world-
wide band-opening predictions, day-to-day propa-
gation forecasts, and down-to-earth explanations of
HF propagation phenomena. The rest is history!

Engineers and scientists in the field of shortwave

LAST-MINUTE FORECAST
Day-to-Day Conditions Expected for March 2001
Expected Signal Quality
Propagation Index............... (4) (3) 2) (1)
B c

Above Normal: 5-6, 12-13, 18, A A
22,23 4

High Normal: 34, 7, 10-11, 17

19-20, 23-24, 2830 A B [ cD

Low Normal: 1-2, 9, 16, 21

26-28 B cB CD DE
Below Normal: 8, 14 Cc cD DE E
Disturbed: 15, 25 cD D E E
Where expected signal quality is:
A Evcall pening, ptionall 9 dy sig-

nals greater than S9.

B—Good opening, moderately strong signals varying
between S6 and S9+, with little fading or noise.

C—Fair i ignals b i ly strong and
weak, varying between S3 and S§9, with some fading
and noise.

D—Poor opening, with weak signals varying between $1 and
$§6, with considerable fading and noise.

E—No opening expected.
HOW TO USE THIS FORECAST
1. Find ﬂler‘ pagation index iated with the particular
path opening from the Propagation Charts appearing on

the followihg pages.

2. With the propagation index. use the above table to find
the expected signal quality associated with the path open-
ing for any given day of the month. For example, an open-
ing shown in the Propagation Charts with a propagation
Jindex of 3 will be fair to good (C-B) on March 1st and 2nd,
good (B) on the 3rd and 4th, excellent (A) on the 5th and
6th, etc.

Included in this period was the mother of all
solar cycles, Cycle 19, which reached the record-
breaking smoothed sunspot peak of 201 in No-
vember 1957. This was the most intense cycle
recorded in the 200 years that sunspot data had
been recorded. It produced “once in a lifetime”
propagation conditions on the HF bands. My
columns during 1957, and some special articles
that I wrote for CQ at the time, are among the most
exciting writings for me, since I realized that I was
writing about a scientific event which very likely

or HF propagation often mea-
sure elapsed time not in months
or years, but in solar cycles. A
solar or sunspot cycle has an av-
erage life of approximately
eleven years. In March 1951,
when I wrote my first CQ
column, Cycle 18 had passed its
peak. I have continued through

200

(22}
o

oc; Number

§unsp

III||II||

Smoothed
Sunspot Number

IIIIIIIIIIlIlIlIIIIlIIII|IIII|IIII1

the entire lifespan of Cycles 19,

0
20,21, and 22, and the peak of |

1970

1980
YEAR

1990 2000

the present Cycle 23. What cy-
cles these have been!

Figurs 1. The 50 years that | have been writing this column coincide with sunspot Cycle 19 through the rising portion of Cycle
23. This is the highest level of sustained solar activity since observations began during the mid-18th century.
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would not be exceeded in the next century or two.
The “twin” cycles of 21 and 22, both of which ex-
ceeded a count of 150, also produced years of out-
standing HF propagation.

I'have paid very special attention to the columns
I write each October and November for the CQ
World-Wide DX Contests because of the very
heavy use amateurs worldwide make of the HF
bands during such contests. The contests also serve
as excellent checks on the accuracy of band-
opening predictions and day-to-day propagation
conditions. To date, the accuracy for these contest
columns exceeds 90%.

As I'have mentioned many times in the past, my
greatest reward for writing this column is the com-
ments I receive from readers who have found the
propagation prediction and forecast material useful
and informative.

Knowing that my writing may help take the
mystery out of HF propagation and contribute
much to making amateur radio more enjoyable and
a more effective communication medium is the fuel
that has energized me to write the column month
after month.

Fifty years, a total of 600 columns—that’s a lot
of writing over a very long period of time, but I
have enjoyed every minute of it!

Solar Cycle Progress

The Royal Observatory of Belgium reports a
monthly mean sunspot level of 106.5 for November
2000. This results in a 12-month running smoothed
sunspot number of 119 centered on May 2000. This
is a decline of two points from last month’s level of
121. During November daily levels of solar activity
varied between a high of 147 on November 2nd and
alow of 59 recorded on the 26th.

According to daily observations made at Pen-
ticton, British Columbia by the Dominion Radio
Astrophysical Observatory of Canada, the adjusted
mean level of 10.7 cm solar flux for November
2000 was 176. This results in a 12-month running
number of 180 centered on May 2000. This is a
drop of one point from last month’s level.
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Gaorge's first professional position in broadcasting as
an engineer at WKNT in 1941 in Kingston, New York.

A smoothed sunspot number on the order of 115
and a 10.7 cm solar flux level of approximately 180
are forecast for March 2001 as Cycle 23 appears to
be declining slowly from its peak level of 121 be-

lieved to have been reached during April 2000.

March Conditions

While sunspot Cycle 23 appears to be slowly de-
clining, solar activity during March is expected to
remain at near peak levels.

As discussed in last month’s column, equinoctial
propagation conditions are expected to continue
through the month of March and into early April.
The experts generally agree that overall DX condi-
tions are usually optimum during the equinoctial
periods. Improved DX conditions expected during
March should be most noticeable on long circuits
between the United States and the southern hemi-
sphere—for example, to Australia, South America,
southern Africa, southern Asia, Antarctica, etc.
Gray-line DX propagation conditions, both at dawn
and at sunset, should peak during March because of
the similar conditions that are expected to exist at
these times in both hemispheres. Conditions should
be optimum for long-path openings as well. Im-
provement due to equinoctial propagation condi-
tions should be observable on all HF bands.

While considerably fewer east-west openings
are likely during March on the 10 and 12 meter
bands, fine inter-hemisphere openings should be
possible from an hour or two after sunrise, through
the daylight hours, and into the sunset period.

Good worldwide DX conditions, including fine




HOW TO USE THE SHORT-SKIP CHARTS

1. In the Short-Skip Chart, the predicted times of openings
can be found under the appropriate distance column of a par-
ticular meter band (10 through 160 meters) as shown in the
left-hand column of the chart. For the Alaska and Hawaii Charts
the predicted times of openings are found under the appropri-
ate meter band column (15 through 80 meters) for a particular
geographical region of the continental USA as shown in the
left-hand column of the charts. An * indicates the best time to
listen for 80 meter openings.

2. The propagation index is the number that appears in
() after the time of each predicted opening. On the Short-Skip
Chart, where two numerals are shown within a single set of
parentheses, the first applies to the shorter distance for which
the forecast is made, and the second to the greater distance.
The index indicates the number of days during the month on
which the opening is expected to take place, as follows:

(4) Opening should occur on more than 22 days

(3) Opening should occur between 14 and 22 days

(2) Opening should occur between 7 and 13 days

(1) Opening should occur on less than 7 days

Refer to the “Last Minute Forecast” at the beginning of this
column for the actual dates on which an opening with a spe-
cific propagation index is likely to occur, and the signal quality
that can be expected.

3. Times shown in the charts are in the 24-hour system,
where 00 is midnight; 12 is noon; 01is 1 AM; 13 is 1 PM, etc.
In the Short-Skip Chart appropriate szandardtime is used at the
path midpoint. For example on a circuit between Maine and
Florida, the time shown would be EST, on a circuit between
New York and Texas, the time at the midpoint would be CST,
etc. Times shown in the Hawaii Chart are in HST. To convert to
standard time in other USA time zones add 2 hours in the PST
zone; 3 hours in the MST zone; 4 hours in the CST zone; and 5
hours in the EST zone. Add 10 hours to convert from HST to
GMT. For example, when itis 12 noon in Honolulu, itis 14 or 2
PM in Los Angeles; 17 or 5 PM in Washington, D.C.; and 22
GMT. Time shown in the Alaska Chart is given in GMT. To con-
vert to standard'time in other areas of the USA subtract 8 hours
in the PST zone; 7 hours in the MST zone; 6 hours in the CST
zone; and 5 hours in the EST zone. For example, at 20 GMT it
is 15 or 3 PM in New York City.

4. The Short-Skip Chart is based upon a transmitted power
of 75 watts CW or 300 watts PEP on sideband; the Alaska and
Hawaii Charts are based upon a transmitter power of 250
watts CW or 1 KW PEP on sideband. A'dipole antenna a quar-
ter-wavelength above ground is assumed for 160 and 80
meters, a half-wave above ground on 40 and 20 meters, and a
wavelength above ground on 15 and 10 meters. For each 10
dB gain above these reference levels, the propagation /index

will increase by one level; for each 10 dB loss, it will lower by 0]

one level.

5. Propagation data contained in the charts has been pre-
pared from basic data published by the Institute for Telecom-
munication Sciences of the U.S. Dept. of Commerce, Boulder,
Colorado 80302.

CQ Short-Skip Propagation Chart

March & April 2001
Band Openings Given in Local
Standard Time
At Path Mid-Point
(24-Hour Time System)
Band
(meters)  Distance From Transmitter (Miles)
50-250 250-750 750-1300  1300-
2300
miles miles miles miles
10 Nil 09-13 (0-1) 07-09 (1) 07-08 (1)
) 09-12 (1-2) 08-09 (1-
2
) 12-13(1-3) 09-12 (2-
4
) 13-16 (0-3) 12-16 (3-
4
) 16-18 (0-2) 16-18 (2-
K)
18-20 (0-1) 18-20(1-
2)
20-21 (0-
1)
15 Nil 07-09 (0-1) 07-08 (1) 07-08 (1)
) 09-15 (0-2) 08-09 (1-2) 08-09 (1-
3
15-19 (0-1) 09-15(2-4) 09-15 (4)
15-18 (1-3) 15-18 (3-
4
) 18-19 (1-2) 18-19 (2-
3)
19-23 (0-1) 19-21 (1-

21-23 (1-
2)
23-01 (0-
1)
20 11-13 (0-1) 08-09 (0-3) 06-07 (1-2) 06-07 (2)
13-16 (0-2) 09-11(0-4) 07-08(3) 07-08 (3)
16-19 (0-1) 11-13(1-4) 08-09 (3-4) 08-10 (4)
13-16 (2-4) 09-18 (4) 10-15 (4-
3
16-18 (1-4) 18-19(3-4) 15-22 (4)
18-19 (1-3) 19-22 (2-4) 22-23 (3-
4
) 19-22 (0-2) 22-00 (1-3) 23-00 (3)
22-08 (0-1) 00-02 (1-2) 00-02 (2)
) 02-06 (1)  02-04 (1-
2
04-06 (1)
:11;) 06-07 (1-2) 06-07 (2-3) 06-07 (3-2) 06-08 (2-
) 07-09 (2-3) 07-09 (3-4) 07-08 (4-2) 08-15(1-
0
0 09-18 (4) 09-11 (4-3) 08-09 (4-1) 15-16 (2-
1 18-20 (3-4) 11-13(4-2) 09-13(2-1) 16-17 (2-
4
) 20-22 (2-3) 13-15(4-3) 13-15(3-1) 17-19(3-
2
22-00 (1-2) 15-20(4) 15-17 (4-2) 19-03 (4)
M 00-06 (1) 20-22 (3-4) 17-19 (4-3) 03-04 (3-
22-00 (2-4) 19-00(4)  04-06 (3)
00-03 (1-3) 00-03 (3-4)
03-06 (1-2) 03-06 (2-3)
8? 07-11 (4) 07-08 (4-2) 07-08 (2-1) 07-08 (1-
0
11-18 (4-3) 08-11(4-1) 08-11(1-0) 08-16 (0)
0 18-22 (4) 11-16 (3-0) 11-16 (0) 16-18 (1-
22-00 (3-4) 16-18(3-2) 16-18(2-1) 18-20(2-
4
1 00-07 (2-3) 18-20(4-3) 18-20(3-2) 20-22 (4-
2
3 20-00(4) 20-03(4) 22-03 (4-
) 00-05 (3-4) 03-05 (4-3) 03-05 (3-
2
" 05-07 (3)  05-07 (3-2) 05-07 (2-
1)60 05-07 (4-2) 05-06 (2-1) 05-06 (1)  05-06 (1-
07-09 (3-1) 06-07 (2-0) 06-19(0)  06-19 (0)
) 09-17 (2-0) 07-09 (1-0) 19-20 (2-1) 19-20 (1-
0
17-19(3-1) 09-17(0)  20-22(3-2) 20-22(2)
2 19-20 (4-2) 17-19(1-0) 22-03 (4-3) 22-03 (3-
20-05 (4) 19-20(2)  03-05(3-2) 03-05 (2-
20-22 (4-3)
22-03 (4)
03-05 (4-3)
HAWAII
March & April 2001
Openings Given in Hawaiian
Standard Time #
To: 10 15 20 40/80
t 1t 1e meters
:Eastern 08-09 (1) 06-07 (1) 12-14(1) 18-20
1
(U?A 09-14(2) 07-08(2) 14-16(2) 20-22
2
( 14-16 (3) 08-11(1) 16-18(3) 22-01
3)
@ 16-17(2) 11-13(2) 18-21(4) 01-02
2
) 17-18 (1) 13-15(3) 21-00(3) 02-03
) 15-17 (4) 00-04 (2) 21-22
1y
@ 17-18(3) 04-06 (3) 22-01
" 18-19(2) 06-07(2) 01-02
1y
19-20 (1) 07-08 (1)
?§ntral 08-09 (1) 06-07 (1) 09-14(1) 19-20
1
tJ?A 09-11(2) 07-08(2) 14-16(2) 20-22
2
o 11-15(3) 08-09(3) 16-19(3) 20-02
15-17 (4) 09-14(2) 19-23(4) 02-04

(4)

o 17-19(2) 14-16(3) 23-03(3) 04-05
2
) 19-20 (1) . 16-18(4) 03-06(2) 05-06
1
a 18-19(3) 06-08(3) 22-23
o 19-20(2) 08-09(2) 23-02
oy
20-21 (1) 02-03
@
03-04
@r
04-05
ar
Western  08-09 (1)  06-07 (1) 15-17(3) 18-19
1
:J?A 09-11(2) 07-09(2) 17-21(4) 19-21
2
o 11-12(3) 09-11(4) 21-00(3) 21-22
@ 12-16(4) 11-15(3) 00-02(2) 22-04
4
(3) 16-17(3) 15-18(4) 02-04(1) 04-05
0 17-19(2) 18-20(3) 04-06(2) 05-06
1
) 19-20 (1) 20-21(2) 06-08(4) 21-22
"
o 21-23(1) 08-10(3) 22-23
10-15(2) 23-04
@r
04-05
@
05-06
ar
ALASKA
March & April 2001
Openings Given in GMT #
To: 10 15 20 40/80
meters meters meters meters
E1astern 20-22(1) 18-20(1) 13-15(1) 06-13
?J? 22-00(2) 20-22(2) 20-22(1) 07-12
A
00-01(1) 22-00(3) 22-01(2)
00-01(2) 01-03(3)
01-02(1) 08-05(2)
05-06 (1)
8t)entral 20-23(1) 18-20(1) 14-16(1) 07-14
F?A 23-01(2) 20-23(2) 20-23(1) 08-12
A
01-02 (1) 23-01(3) 23-02(2)
01-02 (2) 02-04 (3)
02-03 (1) 04-05(2)
05-07 (1)
\(N;astern 20-23(1) 18-20(1) 16-18(1) 07-09
1
<USA 23-00(2) 20-22(2) 18-20(3) 09-12
2)
0 00-02(3) 22-00(3) 20-00(2) 12-14
1
) 02-03(2) 00-02(4) 00-02(3) 09-10
1y
o 03-04 (1) 02-04(3) 02-04(4) 10-12
ay 04-05(2) 04-05(3) 12-13
05-06 (1)  05-06 (2)
08-10 (1)

#See explanation in “How To Use Short-Skip
Charts” in box at the beginning of this column.
*Indicates best time for 80 meter openings.
Openings on 160 meters are also likely to occur
during those times when 80 meter openings are
shown with a propagation index of (2) or higher.
Note: The Alaska and Hawaii Propagation charts
are intended for distances greazer than 1300
miles. For shorter distances use the preceding
Short-Skip Propagation Chart.

For 12 meter openings interpolate between 10
and 15 meter openings.

For 17 meter openings interpolate between 15
and 20 meter openings.

For 30 meter openings interpolate between 40
and 20 meter openings.
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inter-hemisphere openings, are expected on 15, 17,
and 20 meters during most of the daylight hours.
Daytime openings on 10, 12, 15, 17, and 20 meters
should follow the sun, first opening toward the east
and south after sunrise, peaking toward the south
and north during the afternoon hours, and toward
the west and south during the late afternoon and
sunset period. As you go lower in frequency, the
bands stay open longer, so plan to work from 10 and
12 through 15, 17, and 20 meters.

Between sunset and midnight expect DX open-
ings on all bands between 15 and 160 meters, with
some also possible on 10 and 12 meters when condi-
tions are High or Above Normal. The 15, 17, and 20
meter bands should be open toward the south and
west during this time period. Conditions on 30, 40,
80, and 160 meters should favor openings toward
the east and south. These bands should peak for
openings to Europe and Africa near midnight. Occa-
sional 10 and 12 meter openings toward the south
and west should also be possible during this period.

From midnight to sunrise expect optimum DX
conditions on 30, 40, and 80 meters, with openings
also possible on 160 meters. Conditions should favor
openings toward the west and south. Remember, sig-
nals peak on 30, 40, 80, and 160 meters when it is
sunrise on the easterly leg of a path. Some fairly
good 20 meter DX openings may also be possible to-
ward the south and west during this time period.

All in all, this March should be a very good
month for worldwide DX propagation conditions
on all of the HF bands. For more detailed informa-
tion, refer to the DX Propagation Charts which ap-
peared here last month. This month’s column
contains Short-Skip Propagation Charts which are
valid through March and April, as well as Propaga-
tion Charts centered on Alaska and Hawaii. The
Short-Skip Charts contain band-opening predic-
tions for predominantly one-hop paths, ranging in
distance between approximately 50 and 2300 miles.

For day-to-day changes in shortwave propagation
conditions expected during March, see the Last-
Minute Forecast at the beginning of this column.

For optimum short-skip openings between ap-
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proximately 50 and 250 miles, try 80, 40, or 30 me-
ters during the day and 80 or 160 meters at night.
Between 250 and 750 miles, 30 and 40 meters
should be best during the day and 80 or 160 meters
at night. Try 20 meters for optimum conditions
during the day between 750 and 1300 miles, and
30, 40, or 80 meters at night. For openings between
1300 and 2300 miles, 20, 17, or 15 meters should
be best during the daylight hours, with 40 or 30
meters the band to use at night.

VHF lonospheric Openings

March can be an unusually good month for VHF
ionospheric propagation openings. Some 6 meter
F-layer propagation is expected, along with in-
creased chances for trans-equatorial, sporadic-E,
and auroral-type openings.

Although solar activity is slowly declining, it is
expected to be high enough in March to permit F-
layer propagation between North America and the
deep southern hemisphere, including southern
Africa, the south Pacific areas, and South America.
The band won’t open every day, but look for open-
ings when conditions are expected to be High or
Above Normal. If the band is to open at all, it will
open toward the southeast by mid-morning. Noon-
time should be best for openings toward South
America. During the afternoon hours skip should
extend farther into South America and also shift to-
ward the west and southwest.

Trans-equatorial (TE) propagation conditions
usually peak during equinoctial periods. Improved
openings should be possible during March from the
southern tier states to countries located in the
southern half of South America. Most TE openings
occur on 6 meters, but some may also be possible
on 2 meters. TE openings must cross the magnetic
equator at or near a right angle, and signals are at
best very weak and often with heavy flutter fading.
The best time to check for TE openings should be
between 8 and 11 PM local time. TE openings do
not occur very often, and when they do, you may
have to really dig for them.



Auroras

Auroral activity generally occurs more often during
equinoctial periods than in other seasons. Intense
ionization associated with auroral displays can be
résponsible for auroral-scatter openings on the VHF
bands and for short-skip openings up to approxi-
mately 1200 miles. While ionospheric openings re-
sulting from auroral ionization usually are marked
with a distinctive flutter-fading pattern, they at times
can be clear and exceptionally strong. Look for au-
roral activity on days during March expected to be
below normal or disturbed.

Frequent daily updates of aurora information, as
well as geomagnetic, solar, and ionospheric data,
can be found on the web at: http://dx.qsl.net/
propagation and http://hfradio.org/propagation.html.

For a more complete review of VHF propagation,
see N6CL’s informative “VHF Plus” column here
in CQ.

Metsors

Very little, if any, meteor activity is expected
during March. The delta-Leonids shower, which
reached its peak during late February, should con-
tinue through March 10th. This is a weak shower,
with only a slight possibility of producing suffi-
cient ionization for meteor-type communica-
tions. 73, George, W3ASK

"Reprinted with permission from the 2001 issue of CQ maga-
zine. Copyright 2001, CQ Communications Inc. All rights re-
served."

A late-1950 photo showing (left to right) George, W2PAJ (now W3ASK): Gene Black,
W2ESO (now W2LL), then Editor of CQ: the lats Bill Leonard, W2SKE: and Bill Scherer on
a Voice of America radio program. This was the day on which it was agreed to bring back
CQ’s “Propagation” column in March 1951 under the editorship of W3ASK.
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Business & Professional Directory

INDUSTRIAL COMMUNICATIONS
COMPANY
Charles F. Adams, President
Authorized Dealer - Sales & Service

121 N. Sitgreaves Street
Easton, PA 18042-3697
Phone: (610) 253-1214
Fax: (610) 253-4504
Email: cadams1214@aol.com
TWO-WAY RADIO SALES & SERVICE

PMC ASSOCIATES

Phil Casciano

9 Westlake Court

Somerset, NJ 08873
Phone: (732) 563-0366
Pager: (732) 603-1900
Email: philc@pmcreps.com

MANUFACTURERS’ REPRESENTATIVES
SERVICING THE COMMUNICATIONS INDUSTRY

P-M-C

ASSOCIATES

DANIELS ELECTRONICS LTD.
Terry G Daniels, President

43 Erie Street

Victoria, B.C. V8V 1P8 —

Canada D= DANELS,
Phone: (250) 382-8268

Fax: (250) 382-6139

Toll Free: 1-800-664-4066

RADIO COMMUNICATION MANUFACTURER

BEAM RADIO INC

Manual Antonio Alvar

o e {(@I-
B Rad

Phone: (305) 477-2326 eam Radio
Fax: (305) 477-6351

Email: mannysr@beamradio.com

Web Site: beamradio.com

LATIN AMERICAN CONSULTANT

RCC CONSULTANTS, INC
Norman R. Coltri, P.E., Associate Director

100 Woodbridge Center Drive

Suite 201

Woodbridge, NJ 07095-1125

Phone: (732) 404-2463

Fax: (732) 404-2556

Email: ncoltri@rcc.com

‘Web Site: www.rcc.com
CONSULTING SERVICES

>
RCC

Paul Denwalt,

6015 Lohman Ford, Suite 101
Lago Vista, TX 78645
Phone: (800) 966-3357

Cell: (405) 823-8832

DH MARKETING
Fax: (512) 267-7760
Email: Dhlago@io.com

* MARKETING
Web Site: www.dhinc.com

MANUFACTURERS’ REPRESENTATIVE

AMTOL RADIO COMMUNICATION

SYSTEMS, INC.
Tom A Systems C I _}\ ' 2
150-47A-12th Road BN

PO Box 93 ’
Whitestone, NY 11357-0093
Phone: (718) 767-7500

Fax: (718) 767-9858

MANUFACTURERS’ REPRESENTATIVE

PRIMEDIA

Mercy Contreras
5680 Greenwood Plaza Blvd, Suite 300

Englewood, CO 80111
PRIMEDIA

Phone: (720) 489-3199

Cell: (303) 717-1724 Business Magazines & Media
Fax: (720) 489-3253
Email: mcontreras@pri

Web Site: www.mrtmag.com or www.rfdesign.com

T

com

DETTRA COMMUNICATIONS, INC.
John E. Dettra, Jr., President

7906 Foxhound Road
McLean, VA 22102-2403
Phone: (703) 790-1427
Email jdet@erols.com

TECHNICAL JOURNALS TELECOMMUNICATIONS ENGINEERS
SALES & SERVICE FOR WIRELESS INDUSTRY
SCOREBOARD SAMSUNG TELECOMMUNICATIONS WIRELESS EQUIPMENT
John Arpee, CTO, Founder AMERICA, INC.
13595 Dulles Technology Drive Steven Donnell
Suite 200 James J. Daley, Vice President
Herndon, VA 20171-3424 Wireless Systems/Networks Division 210 South Main Street
Netherlands Antilles

Phone: (703) 713-9755

Fax: (703) 713-9766

Email: jarpee@scoreboardinc.com

1130 E. Arapaho Road
Richardson, TX 75081

>

Newmarket, NH 03857-1812
Phone: (603) 659-3081
Fax: (603) 659-4770

s " Phone: (972) 761-7300 ELECTRONICS Pager: (603) 467-5444
Web Site: www.scoreboardinc.com Fax: (972) 7617201 Email: sdonnell@nh.ultranet.com
PEAK PERFORMANCE Email: Jdaley@sta.samsung.com
FOR THE WIRELESS INDUSTRY SERVICE AND DESIGN
THE HEART GROUP, PA THE JACK DANIEL COMPANY TELCO COMMUNICATIONS, INC
Mark B. Barettella, M.D., FA.C.C. Jack Daniel David A. Ehehalt, President
311 N. Clyde Morris Boulevard P.O. Box 1544 P.O. Box 468

Suite 335
Daytona Beach, FL 32114
Phone: (386) 257-6644

Fax: (386) 257-6557

DIAGNOSTIC & INTERVENTIONAL CARDIOLOGY

Rancho Cacamonga, CA 91729
Phone: 1-800-NON-TOLL

Fax: (909) 980-5226

Email: JDaniel@RFSolutions.com
‘Web Site: www.rfsolutions.com

MANUFACTURERS’ REPRESENTATIVES

Mount Freedom, NJ 07970-0468
Phone: (973) 895-5500

Toll free: 1-800-345-5538
Email: JADCO@mindfall.com

A TOTAL COMMUNICATIONS
ORGANIZATION
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WB2JKJ
RADIO CLUB OF JUNIOR

HIGH SCHOOL 22 NYC, INC.
Joseph J. Fairclough, President
PO Box 1052
New York, NY 10002-0912
Phone: (516) 674-4072
Fax: (516) 674-9600 W Bt '
Pager: (516) 252-0838 y
Email: crew@wb2jkj.org
Web Site: www.wb2jkj.org

HARTECH, INC.
James W. Hart, President

PO Box 88

Littleton, CO 80160
Phone: (303) 795-2813
Fax: (303) 347-2652
Email: jhart@du.edu
‘Web Site: hartechinc.com

RADIO CONSULTING ENGINEERING

GEORGE JACOBS & ASSOCIATES, INC.
George Jacobs, P.E., President

8701 Georgia Avenue, Suite 711
Silver Fall, MD 20910

Phone: (301) 587-8800

Fax: (301) 587-8801

Email: gja@gjainc.com

‘Web Site: www.gjainc.com

CONSULTATING BROADCAST ENGINEERS

ACTICOM WIRELESS COMMUNICATIONS

Joseph E. Fiorini, Esq, President
12459 Tamiami Trail

Punta Gorda, FL 33955

Phone: (941) 575-8609

Fax: (941) 575-9883

Email: jfiorini@acticomwireless.net
Web Site: www.acticomwireless.net

SALES, SERVICE

SUNTEC BUSINESS SOLUTIONS

Robert E. Hartman

7918 Jones Branch Drive

Suite 600

McLean, VA 22102

Phone: (570) 868-5270

Fax: (570) 868-5436

Email: bhrtman@attglobal.net
‘Web Site: suntecgroup.com

TX RX SYSTEMS INC.

Sean Johnson, Sales & Marketing Manager

8625 Industrial Parkway

Angola, NY 14006

Phone: (716) 549-4700, ext. 5041
Fax: (716) 549-4772

Email: seanj@txrx.com

CUSTOMER CARE & BILLING
WIRELESS COMMUNICATIONS SOFTWARE & SERVICES
KATHREIN INC. ANDREW KAHN COMMUNICATIONS INC.

Dan Fowler, Vice President-Sales
Communication Products

P.O. Box 4580

Medford, OR 97501 KOTHREIN
Phone: (541) 779-6500 SCALA DIVISION
Fax: (541) 779-7753

Email: dfowler@kathrein.com

Web Site: www.kathrein.com

Scott Harvey, Senior Account Executive,
618 Kenmore Avenue, Suite 1A

Fredericksburg, VA 22401 l
Phone: (540) 370-1901
FAX: (540) 370-1902 ANDREW.

Cell: (540) 379-0802
Email: scott.harvey@andrew.com

WIRELESS INFRASTRUCTURE SYSTEMS

Leonard R. Kahn, President

501 Fifth Avenue, Suite 2002
New York, NY 10017
Phone: (212) 983-6765

PROFESSIONAL ENGINEER,
COMMUNICATIONS, BROADCASTING
& SATELLITE

LIGHTNING PROTECTION
& COMMUNICATIONS ENGINEERING

Robert L. Gottschalk, PE.

428 Collinsford Road
Tallahassee, FL. 32301

Phone: (850) 656-2582

Fax: (850) 656-4770

Email: r.lgottschalk@ieeee.org

SECURICOR WIRELESS
TECHNOLOGY LTD.
Richard A. Hillum, President
Wireless House
Midsomer Norton
Bath BA3 4BS England
Phone, Car, Fax: 07044 055654
Email: professor.hillum@linearmod.com

CONSULTANCY SPECIALIZING IN RESEARCH &
DEVELOPMENT INTO SOFTWARE RADIO

ADVANTAGE COMMUNICATION, INC.
Mark Lavallee

Phone: (954) 961-2642

Fax: (954) 894-8900

Pager: (954) 307-2642

Email: marklavallee @ sprintmail.com

AND LINEAR ARCHITECTURES RADIO COMMUNICATION ENGINEERING
APCO INTERNATIONAL DH MARKETING POWER SALES COMPANY
Ron Haraseth, APCO AFC Director Carroll Hollingsworth, Carl Mathis, President

351 N. Williamson Boulevard
Daytona Beach, FL. 32114-1112
Phone: (904) 322-2599

Fax: (904) 322-2502

Email: haraseth@apco911.org
Web Site: www.apco91l.org

ASSOCIATION OF PUBLIC-SAFETY
COMMUNICATIONS OFFICIALS

6015 Lohman Ford, Suite 101
Lago Vista, TX 78645
Phone: (800) 966-3357

Fax: (512) 267-7760

Cell: (512) 751-5472

Email: dhlago@io.com

Web Site: www.dhinc.com

mMABKEﬂNG

MANUFACTURERS’ REPRESENTATIVE

PO Box 99356

Raleigh, NC 27624-9356
Phone: (919) 676-0602
Toll Free: (888) 262-8447 or (888) 2MATHIS
Fax: (919) 847-4742

Email: carl@powersalesco.com

Web Site: www.powersalesco.com

R W R
(54125 conmny]
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DECIBEL PRODUCTS
Louis J. Meyer, Vice President, Technology

8635 Stemmons Freeway

Dallas, TX 75247-3701

Phone: (214) 634-8502, (214) 819-4226
Fax: (214) 631-4706

Pager: (800) 946-4646

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

BLOOSTON, MORDKOFSKY, DICKENS
DUFFY & PRENDERGAST

Harold Mordkofsky
2120 L Street N.W.
Washington, DC 20037
Phone: (202) 828-5520
Fax: (202) 828-5568

LEGAL REPRESENTATION BEFORE THE FCC
& THE FEDERAL COURTS

ANDREW
WIRELESS PRODUCTS

Jeffrey C. Penteris,
Director, Business Operations
1200-A Greenbriar Drive

Addison, IL 60101 l
Phone: (630) 705-6552
Fax: (630) 705-6539 ANDREW.,

Cell: (708) 203-9520
Email: jeff.penteris@andrew.com

BROADBAND WIRELESS PRODUCTS

KENWOOD COMMUNICATIONS
CORPORATION

Paul Middl National Sales M
Amateur Radio

3975 Johns Creek Court, Suite 300

Suwanee, GA 30024 KENWOO D

Phone: (678) 474-4700
FAX: (678) 474-4730
Email: paulem@kenwoodusa.com

HUTTON COMMUNICATIONS, INC.

William C. Mueller, President & CEO
2520 Marsh Lane
Carollton, TX 75006

Phone: (972) 417-0101 "FHU TTOM
Fax: (972) 417-0181 /]

Email: muellerw@huttoncom.com
Web Site: www.huttoncom.com

YOUR WIRELESS PRODUCTS EXPERTS

TIMES MICROWAVE SYSTEMS

Robert Perelman, V.P. Commercial

Sales & Marketing
-l r TIMES

358 Hall Avenue
Wallingford, CT 06492
Phone: (203) 949-8522
Fax: (978) 231-6191
Email: perelman @timesmicrowave.com
‘Web Site: www.timesmicrowave.com

RADIOMATE
Paul W. Mills, President

4030-A Pike Lane

Concord, CA 94520-1230
Phone: (925) 602-1160, ext. 25
Fax: (925) 695-0258

Web Site: www.arcomwireless.com

WIRELESS SOLUTIONS FOR THE 21ST CENTURY

RCC CONSULTANTS, INC.
/OMNICOM, INC.

Joseph Y. Nasser, Ph.D., Director
Information Systems

930 Thomasville Road, Suite 200

Tallahassee, FL 32302-6299 N { C
Phone: (850) 224-4451, ext. 20

Fax: (850) 224-3059

Cel: (850) 212-9096

Email: jynasser@worldnet.att.net

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: R/RWireles@aol.com

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

RADIOMATE

4030-A Pike Lane
Concord, CA 94520

Paul W. Mills, Vice President
Phone: (925) 676-3376
Fax: (925) 676-3387

RadioMate
Toll Free: (800) 346-6442

‘Web Site: www.radiomate.com

HEADSETS & AUDIO ACCESSORIES

NOTTAGE & ASSOCIATES, INC.
Donn R. Nottage, President

1583 E Genesee Street, 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

AURORA MARKETING COMPANY

Stan Reubenstein

2018 S Pontiac Way =
Denver, CO 80224-2412

Phone: (303) 758-3051 ér rg{% ®
Toll Free: (800) 525-3580 =
Fax: (303) 758-6630 —
Email: stan@auroramkt.com

Web Site: www.auroramkt.com

WORLD FUTURE SOCIETY
WESTCHESTER « FAIRFIELD « ROCKLAND CHAPTER

Harrison W. Moore, Jr., Chairman

101 Boulder Trail
Bronxville, NY 10708-5905
Phone: (914) 337-5191

TWITCO DISTRIBUTING

Everett W. Parmenter, Jr.

P.O. Box 239 )

304 Route 119 m Distributing
Rindge, NH 03461

Phone: (603) 899-9800

Fax: (603) 899-9802

Email: ewp@twitco.com

Web Site: wva.twitco.com

RADIO OP

.o,

CONSULTING RADIO BROADCASTING

Lloyd B. Roach, Director

1025 Meeting House Road
‘West Chester, PA 19382
Phone: (610) 793-2552
Fax: (610) 793-1298
Email: W3QT@aol.com
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KENWOOD COMMUNICATIONS
CORPORATION

Chris J. Ryg, Consumer Communications
Sales Manager

3975 Johns Creek Court, Suite 300

Suwanee, GA 30024
Phone:
s KENWOOD

Email: cryg@kenwoodusa.com

WIRELESS REVIEW

Darren Sextro, Publisher

9800 Metcalf Avenue
Overland Park, KS 66212
Phone: (913) 967-1836
Fax: (913) 967-1898
Email: dsextro@pri

i b i

om

RADIO DESIGN
& SYSTEM CONSULTANT

Chandos A. Rypinski, President

139 Stewart Drive

Tiburon, CA 94920

Phone: (415) 435-0642

PCS: (415) 990-2532

Email: rypinski@microweb.com

FOCUS: HIGH RATE 5 GHZ NII BAND

TYCO ELECTRONICS

Stephen J. Shaver, Major Accounts Manager

Wireless Systems tqca
MACMm

3901 Derry Street
Harrisburg, PA 17111
Phone: (717) 565-1221
Fax: (717) 565-1210
Mobile: (717) 579-8097
Email: shaver@tycoelectronics.com
‘Web Site: www.macom.com

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
OF 2-WAY RADIO EQUIPMENT

SOIFER CONSULTING, LLC

Raphael Soifer, Chairman

38 East Ridgewood Avenue, #295
Ridgewood, NJ 07450

Phone: (201) 444-3111

Fax: (201) 447-5472

Email: ray@soiferconsulting.com
Web Site: soiferconsulting.com

RADIO COMMUNICATIONS COMPANY

Bill Saunders, President

ITT INDUSTRIES
ITT Aerospace/Communications

P.O. Box 68 Eric D. Stoll, Ph.D., PE., Sr. Staff Engineer
8035C Chapel Hill Road )
Cary, NC 27513 A
Phone: (919) 467-2421 i — 100 Kingsland Road
Fax: (919) 467-6548 siivivg Clifton, NJ 07014-1993 .
Email: billsaunders@rccws.com L Phone: (973) 284-4887 ITT Industries
Web Site: www.rccws.com Fax: (973) 284-3394
DESIGN, SALES, INSTALLATION & Email: ericstoll@itt.com
SERVICES FOR TWO-WAY COMMUNICATION
RADIOMATE CAPELLA WIRELESS

4030-A Pike Lane
Concord, CA 94520

Carolyn M. Servidio, President
Phone: (925) 676-3376
Fax: (925) 676-3387

RadiocMate
Toll Free: (800) 346-6442

Web Site: www.radiomate.com

HEADSETS & AUDIO ACCESSORIES

COMMUNICATIONS CONSULTANTS

J.C. (Jim) Stratt, (E.C. Tserestopoulos)
Senior Consultant

139 Devins Drive
Aurora, ONT LA4G 2Z5
Phone: (905) 841-5056
Fax: (905) 841-3562
Email: capella.wirelesa@sympatico.ca
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SMARTRUNK SYSTEMS, INC.

John J. Sullivan, Vice President Sales & Marketing

28301 Industrial Boulevard., Suite L & K

Hayward CA 94545

Phone: (510) 887-1950, ext. 39 5 %’;’ﬁ"’,’;{.‘
Fax: (510) 887-4011 z

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

WIRELESS COMMUNICATIONS
RADIO TRUNKING

TV SOFTWARE T.Q.M.

Larry H. Will, PE, Engineering Consultant Paul A. Willis, PE.

1055 Powderhorn Drive
Glen Mills, PA 19342-9504
Phone: (610) 399-1826
Fax: (610) 399-0995
Email: lwill@voicenet.com

PO Box 456

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

SOFTWARE DEVELOPMENT MANAGEMENT,
ENGINEERING CONSULTANT EMBEDDED CONTROLLERS

TROTT COMMUNICATIONS GROUP

Raymond C. Trott, P.E., Chairman

DTROTT

1425 Greenway Dr, Suite 350
Irving, TX 75038

Phone: (972) 580-1911

Fax: (972) 580-0641

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

WALLIN GROUP, INC.
Gary P. Wallin, Chairman of the Board

1087 Elm Street, Suite 412
P.O. Box 1030
Manchester, NH 03101
Phone: (603) 623-1212
Fax: (603) 627-0029

Toll Free: (800) 705-1626
Email: gary@wallin.com

EFJOHNSON

ITT Aerospace/Communications
William R. Waugaman, Account Manager
423 White Columns Way > l h :
‘Wilmington, NC 28411 t EF 0 nson
Phone: (910) 681-0252

Fax: (910) 681-0253
Email: bwaugaman@efjohnson.com

WEBSTER ASSOCIATES INC.
Roger D. Webster

115 Bellarmine

Rochester, MI 48309 -
Phone: (248) 375-0420, (800) 521-2333 e
Fax: (248) 375-0121

Pager: (800) 217-0171

ELECTRONICS MANUFACTURERS’
REPRESENTATIVES
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Where will you be tomorrow?
On the cutting-edge or behind the curv

1

2

Prepare for the learning experience of a lifetime at the Lockard & White
Learning Center, in partnership with Texas A&M University. Your employees
can get the technical and non-technical training they need, whether they're
experienced veterans or new to the industry. Courses range from highly
technical overviews of telecom technology to financial tools for managers
and engineers to how to realize your life’s dreams through goal setting.

Armed with these skills, you'll be amazed LOCKARD
where technology...and dreams...can take you ITE




The Radio Club of America, Inc.

TQN Founded 1909
Nl WORLD’S FIRST RADIO COMMUNICATION SOCIETY

APPLICATION FOR MEMBERSHIP

TO: THE EXECUTIVE COMMITTEE

Date:

| hereby apply for O Regular O 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:

(STREET) (The above information is used for mailings and your membership directory listing)
Cry) (STATE) (ZIP CODE)
(PHONE) (FAX) (EMAIL)
Business:

(ORGANIZATION) (DIVISION)

(STREET) cry) (STATE) (ZIP CODE)

(PHONE) (EXT) (FAX) (EMAIL)
Birthplace: Date of Birth:

Education and memberships in other clubs and societies:

Present occupation

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

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

In what year did you become interested in electronic communications?

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

Sponsor (optional):

Mail this application with the applicable TOTAL DUE AT INITIATION as indicated on the reverse of this form to:
The Radio Club of America, Inc., 244 Broad Street, Red Bank, NJ 07701
732-842-5070=Fax 732-219-1938=Emails: exsec@radio-club-of-america.org [or] info@radio-club-of-america.org=Website: www.radio-club-of-america.org



The Radio Club of America was founded in 1909 by a \%Iroup of the industry’s pioneers, and is the first active electronics

organization in the world. Its roster of members is a worldwide Who's

ho that includes many who founded and built the radio industry.

The Club’s objectives include promoting cooperation among individuals interested in electronic communications and in ?reserving its history. The

Club administers its own Grants-In-Aid fund to provide educational scholarships from tax-deductible contributions of the C

business organizations.
The Club publishes and distributes its PROCEEDINGS twice a year.

ub’s members and

ENTRANCE FEE AND DUES
Membership Annual 3-Year Initiation *Total Due
Category Dues Rate Dues Rate Fee At Initiation
Regular $40 $110 $40 $150 (Includes 3-yr’s dues)
Retired $25 $ 60 $25 $ 85 (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
RETIRED member is at least 65 years of age and fully retired.

STUDENT member is a full-time student at an accredited academic institution.

*For Non-U.S. Mailing Address
please add $45 surcharge
($15 per year of dues)
to Total Due At Initiation

O Check enclosed [ International Money Order enclosed [0 Traveler's Check enclosed O Credit Card
Visa M/C Amex Card number Exp. date Amt. $
Signature Billing address for credit card

(The charge will appear on your statement as Meredith & Hopkins.)

All monies to be issued in U.S. funds, drawn on an 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

Recommendation of sponsor: (optional)

Sponsor Signature:
Date:
FOR OFFICIAL USE REV-100100
Date and Amount
Date Application received: of Dues Received:
Membership Certificate

Admitted to Membership: and Pin issued on:




The Radio Club of America, Inc.

Founded 1909

WORLD’S FIRST RADIO COMMUNICATION SOCIETY

APPLICATION FOR SENIOR GRADE MEMBERSHIP

Date:

TO: THE EXECUTIVE COMMITTEE
| hereby apply for the Grade of Senior Member of THE RADIO CLUB OF AMERICA, INC. and agree, if advanced to this level, that | will be governed
by the Club’s Constitution and By-Laws.

Full Signature

Full Name:
(LAST) (FIRST) (INITIAL)
Home Address:
(STREET)
(cIry) (STATE) (ZIP CODE)
(PHONE) (FAX) (EMAIL)
PRESENT OCCUPATION
(COMPANY OR ORGANIZATION NAME) (TITLE OR POSITION)
(STREET) (CITY) (STATE) (ZIP CODE)
(PHONE) (EXT) (FAX) (EMAIL)

SPONSORS
Letters of recommendation are required from two or more members (any grade) for sponsorship of Grade of Senior Member. Letters must be sent
by each sponsor directly to The Radio Club of America, Inc., 244 Broad Street, Red Bank, NJ 07701. List Sponsors below:

1. 3.
2. 4.
3. 5.

Mail this application with twenty-five ($25) dollar fee to cover the cost of the Senior Grade Certificate and Pin to the address indicated below.

[0 Check enclosed [ International Money Order enclosed [0 Traveler's Check enclosed O Credit Card

Visa M/C Amex Card number Exp. date Amt. $

Signature Billing address for credit card

(The charge will appear on your statement as Meredith & Hopkins.)

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. (more) =

The Radio Club of America, 244 Broad Street, Red Bank, NJ 07701
732-842-5070=Fax 732-219-1938=Emails: exsec@radio-club-of-america.org [or] info@radio-club-of-america.org=Website: www.radio-club-of-america.org



EDUCATION

Institution Level Achieved Date Field

MANAGERIAL, PROFESSIONAL AND TECHNICAL EXPERIENCE
RELATING TO ELECTRONIC COMMUNICATIONS

PUBLICATIONS OF SCIENTIFIC OR PROFESSIONAL PAPERS, BOOKS OR ARTICLES
RELATING TO ELECTRONIC COMMUNICATIONS \

OTHER BACKGROUND
RELATING TO ELECTRONIC COMMUNICATIONS

Professional Awards

Professional Engineer’s License(s)

Other Professional Society Affiliations & Grade of Membership

Current Amateur Radio Call Sign

Other FCC Licenses Now or Previously Held

FOR OFFICIAL USE REV-071000

Date Application received: Amount of Fee Received:

Date Approved by Board: Certificate & Pin issued on:




>FCC/NEPA Assessment and RF Compliance

>FCC Protection of AM Broadcast and Detuning

>FAA, FCC Regulatory Filings and Litigation Support
>RF Interference Analysis and Intervention

> Colocation Optimization and Intermodulation Control
>Wireless Antenna Colocation on AM Broadcast Towers
> Site Audits, Facility Testing and Assest Due Diligence
>Foundation Testing and Tower Loading Analysis

Lawrence Behr Associates, Inc.

3400 Tupper Drive, Greenville, NC 27834
800.522.4464 | 252.757.0279 / Fax 252.752.9155
Email lbassc@Lbagroup.com
www.Lbagroup.com




4030-A Pike Lane
Concord, CA 94520
(800) 346-6442

Fax (925) 676-3387
www.radiomate.com

Radio Club of America Members:
Carolyn Servidio, President

Paul W. Mills, Vice President
James Haynes, Chief Engineer
radiomate@aol.com




