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In March, 1988, the Club began formally
recording contributions to The Legacy Fund.
The fund was established as a vehicle for con-
tributions to the Club from the estates of
members and friends. It is intended for the
general welfare of the Club and for support of
various programs as needed.

The principle of The Legacy Fund had
been introduced with a bequest of $2,700 from

the estate of Monte Cohen in 1982. Those
moneys were combined with other con-

tributions and used to obtain two Tandy com-
puter systems. These were used by the
Treasurer and Executive Secretary and were
the forerunners of our current computerized
records operation. '

Following the death of Jack Poppele (H) in
1986, his family contributed a sum in excess of
$10,000 to the Club. A year later, Alfred H.
Grebe, Jr. (F) donated $10,000 in memory of
his father, Alfred H. Grebe (F). Those sums
were used to establish scholarship funds in
the names of Jack Poppele and Alfred H.
Grebe, Sr. From the interest earned on those
funds and other Grants-in-Aid contributions,
scholarships in the amount of $6,500 were
awarded this year.

So there are two examples of the current
use of bequests. Future bequests might make
possible a number of publications com-
memorating important historical events in the
chronology of communications that have
been proposed. In having a convenient source
of temporary funds, we would have many
more options for the completion of some of
these works. It is not always possible to raise

money in advance of the publication date, yet
it is always needed for the preparation, sup-
plies, printing, and distribution.

The Club’s membership records have
been computerized for several years now, and
we are continuing to expand the use of com-
puters in our operations. Recently, we have
been using the computer to help us with
publication tasks such as word processing,
layouts, and actual typesetting. The donation
of a Tandy 1000 computer system by Jay R.
Huckabee, W5EPJ (F) has given us a solid
entry in the world of IBM-compatible personal
computing systems with the advantages of a
wide variety of highly-refined software.

Finally, we must recognize the inexorable
pressures of inflation. We are working hard to
maintain the high standards we have set for
our publications and member services, with-
out raising dues. This past year, for example,
we experimented with combined mailings and
reduced the number of publications. In addi-
tion, we developed a high cost-consciousness
and improved our budgeting, but costs always
seem to rise at the wrong times . . . and too
precipitously.

The Legacy Fund might prove to be “just
what the doctor ordered” if we remember to
include the Club in our bequests. If you
would like more information, drop a line to
Director Arch Doty Jr., KBCFU, 347 Jackson
Road, Fletcher, NC 28732-9518. He'll be happy
to coordinate receipt of bequests and to sup-
ply you with appropriate language for codicils,
subject to review by your attorney.

E.D. Stoll, Ph.D.
Treasurer




POWER-side® COMPATIBLE AM/SSB
BROADCASTING SYSTEM

by Leonard R. Kahn (M 1953, F 1961)

Leonard R. Kahn was awarded the Armstrong Medal at
the 1980 Annual Awards Banquet in recognition of his work
in AM stereo, independent sideband, time diversity, voice
processing, and other advanced electronic techniques. He
presented an outstanding address in response to the award
in which he urged a reform in the U.S. patent system. He is
president of Kahn Communications, Inc.

This paper originally was published in the IEEE Tran-
sactions on Broadcasting, Vol. 34, No. 3, Sepember 1988,
and simultaneously published in Japan by “Broadcasting
Engineering”, Vol. 41, N. 8.

A slightly modified version of the paper was presented by
Mr. Kahn at the Technical Seminar of the Radio Club of
America on November 18, 1988, at the New York Athletic
Club.

ABSTRACT - The Independent Sideband system of AM
Stereo can, by use of special audio processing, significantly
improve monaural reception. The resulting transmitted
signal, called a “POWER-side” signal, allows listeners to
“sideband tune” with new types of mono receivers so as to
reduce co- and adjacent-channel interference, improve the
effective fidelity of the AM receiver, and make the receiver’s
tuning significantly less critical.

Furthermore, due to the inequality of low frequency side-
band components, the system reduces selective fading,
antenna null distortion and re-radiation problems when the
POWER-side signal is received by both “side-band tuned”
mono receivers as well as digitally-tuned stereo and mono
receivers which center tune to the carrier frequency.

Most importantly, this type of wave substantially
reduces co-channel “beating” effects that have, since the
earliest days of broadcasting, plagued AM signal reception.

INTRODUCTION

AM broadcasting’s main advantage vis-a-vis FM broad-
cating is superior coverage. FM provides a superior signal
when the signal-to-noise ratio is high but AM can, if properly
implemented, provide usable signals at far lower pre-
demodulation signal-to-noise ratios. Thus, AM is a more
rugged form of modulation. Added to AM’s superior rugged-
ness is the coverage advantage of operating at a frequency
range of 540 to 1600 KHz rather than in the FM band of 88 to
108 mHz.

The optimum form of amplitude modulation is single-
sideband (SSB) with reduced or suppressed carrier. SSB is
the most rugged form of analog modulation and also
occupies the least bandwidth. While the advantages of SSB
were known by many of the pioneers of AM broadcasting,
the complexity of SSB receivers restricted SSB’s use to com-
mercial, military and amateur applications. However, circuit
complexity is no longer a deterrent with the advent of
integrated circuits.

There is, unfortunately, a much more serous problem
impeding the introduction of SSB operation, and that is the
public’s huge inventory of envelope-detector type receivers.

Accordingly, the transition from standard double-
sideband AM transmission to the optimum SSB forms of AM
transmission, (suppressed carrier SSB for monophonic
stations and reduced-carrier independent sideband for
stereophonic transmissions), must be gradual.

The purpose of this paper is to describe POWER-side™ a
system that, the author believes, in addition to alleviating
some of AM radio’s most serious technical problems, can be
used to make the transition from conventional double-
sideband (DSB) AM to SSB swifter and more graceful.

WHAT IS POWER-side?

POWER-side is a form of amplitude modulation which
offers some of the transmission advantage of single-
sideband (SSB) and which is compatible with both envelope-
detector type receivers and SSB receivers incorporating
synchronous demodulators. Furthermore, since a
POWER-side signal better matches SSB receivers than
does a conventional AM signal, this new form of transmis-
sion should help to expedite to widespread use of these
superior SSB receivers.



A POWER-side wave is an AM wave having at least a
substantial part of one sideband raised in level and the other
sideband reduced in level, so that the total envelope mod-
ulation is unaltered. The stronger sideband is transmitted
free of pre-emphasis, but the weaker sideband incorporates
substantial pre-emphasis in order to insure full compatibility
with center (carrier) tuned receivers.

Thus, POWER-side, while similar to Compatible Single
Sideband' (CSSB) in use in the air-to-ground com-
munications, is really an independent sideband, Kahn/
Hazeltine type, AM stereo wave. (Indeed, POWER-side
transmission can be implemented using either of the two
FCC type-accepted Kahn Communications’ stereo exciters
(models STR-77 or STR-84) and a special audio processor.)

The reason for the change in emphasis from a CSSB
transmission to one based on the independent sideband AM
stereo system is the recent widespread use of pre-emphasis
in AM broadcasting. A second sideband is needed to support
pre-emphasis while still allowing listeners to “sideband
tune” to a stronger sideband. (See Below). It is clear that AM
broadcasters, faced with serious decline in the fidelity of
receivers during the past two decades, are now forced to use
large amount of pre-emphasis in order to achieve some sem-
blance of overall fidelity. Thus, given the deplorable state of
AM receivers, any new AM transmission system must be
able to accommodate pre-emphasis.

As mentioned above, PO WER-side waves are generated
by standard AM transmitters excited by type-accepted
Kahn/Hazeltine system AM Stereo units. Taking a very firm
conservative stance in terms of occupied bandwidth and
minimizing adjacent channel interference, all of these AM
Stereo exciters incorporate low-pass filters in the L-R
branch.

For example, in the early STR-77 model the lowpass filter
was set for 5 kHz, restricting separation to approximately 6
kHz. The new STR-84 model restricts separation to 7.5 kHz.
Therefore, POWER-side is not effective for frequencies
above 7.5 kHz.

Furthermore, since substantial pre-emphasis is used on
the weak sideband and no pre-emphasis is used for the
stronger sideband, at approximately 5 kHz the two side-
bands reach the same level. Thus, the POWER-side effect is
restricted to the low and medium frequency range of voice
and the low frequency range of music. Nevertheless, since a
very large percentage of the intelligibility of voice and the
fundamental components of musical instruments are at
relatively low frequencies, the effects of the frequency
limitations imposed on the POWER-side system are not
substantial as one might expect. (It should be noted that
these limitations pertain only to the difference in the treat-
ment of the two sidebands. The overall envelope modulation
of the POWER-side wave is not restricted and can be used
to transmit components up to 15 kHz.)

Block Diagram of a Practical POWER-side
Transmission System

FIG. 1 shows, in block form, the basic structure of a
POWER-side system. The audio signal, that comprises all of
the necessary components for monophonic listeners, feeds
a de-emphasis circuit. This de-emphasis circuit should be
adjusted to match the inverse of the pre-emphasis curve
used by the station.

Thus, a signal with relatively flat frequency response
should appear at the output of the de-emphasis circuit. The
output of this circuit feeds an attenuator which reduces the
audio level so that the signal has a level that will produce a
weaker sideband approximately 15 db below the stronger
sideband.
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In other words, assuming the total envelope modulation
produced by both sidebands is 100%, the sideband level for
the weaker sideband should cause approximately 15%
envelope modulation and, therefore, the stronger sideband
is increased from a level that would normally cause 50% of
the envelope modulation to one that causes 85% of the
modulation.

The output of the attenuator feeds one of three equal
sections that produces the desired increased pre-emphasis
for the weak sideband. The first segment of Section 1 is
actually a lowpass filter with a “stop” region limited by a
bypass stage.

The second segment of Section 1 introduces a rising re-
sponse characteristic which is greater than the effect of the
prior block. Accordingly, the overall effect of the two
segments is to produce a characteristic peaking at 5 db, for 5
kHz (relative to 500 Hz).

Sections 2 and 3, since they are identical to Section 1,
make for a total response of three times that of Section 1, i.e.
producing a 15 db peak on the weaker sideband.

As shownin FIG. 1, the output of the de-emphasis circuit,
in addition to feeding the increased pre-emphasis circuitry
for processing the weaker sideband, feeds an amplifier. This
amplifier causes the audio level driving the stronger side-
band to be proper to elevate the level of the sideband to 85%
of the total envelope modulation at 1 kHz.

The output of the amplifier feeds an “all-pass” network
which has a phase characteristic that closely approximates
that of the overall additional pre-emphasis network in the
weaker sideband path. Accordingly, the two sidebands
should be approximately in phase, maximizing envelope
modulation.

The two-path audio processing system feeds the
appropriate L and Rinputs of an independent sideband type
AM stereo exciter, such as Kahn Communications’ Model
STR-84.



For example, if it is desired to enhance the lower-
sideband, the output of the “all-pass” network is connected
to the L input of the exciter and Section 3 output is connec-
ted to the R input. The stereo exciter causes the transmitter
to produce the desired POWER-side RF wave.

It should be noted that a “stereo effects” wave may be
added to the audio signal feeding the weak sideband so as to
enhance the wave received by stereo listeners. The “stereo
effects” signal can take many forms?, including a special
stereo component or certain stereo sounds such as “crowd
noise” for a sporting event. (A future paper is planned to dis-
cuss further POWER-side developments as well as those
pertaining to stereo transmissions effects.)

Sideband Tuning

The term “Sideband Tuning”, as used in the following, is
defined as the tuning of a receiver so as to favor the desired
sideband of a POWER-side wave. When radios with
reasonably flat IF selectivity characteristics are used, one
edge of the receiver’s passband will fall at approximately the
station’s carrier frequency in the same fashion as when a
conventional SSB receiver is tuned to an SSB wave.

Listeners tuning to a POWER-side signal will naturally
tune to the stronger sideband because it is louder. Early
tests on Compatible Single-Sideband (CSSB) showed that
the amount of sideband tuning is a function of the signal-to-
noise ratio. The poorer the signal-to-noise ratio the further
the listener will tune over towards the sideband and away
from the carrier in order to improve intelligibility.

It has been experimentally demonstrated that the
optimum amount of “sideband tuning”, for typical narrow-
band AM radios, is of the order of 2.2 to 3 kHz. The actual
amount of “sideband tuning” used is a fuction of the
receiver’s selectivity characteristic and the cleanliness of
the POWER-side signal.

Thus, stations that wish to obtain the full benefits of
“sideband tuning” will find it necessary to transmit clean
signals, thus avoiding negative-going overmodulation, harsh
audio-processing procedures and significant amounts of
incidental phase modulation in their transmitters3. An
important by-product of POWER-side operation is that all
stations using the system will find it advantageous to
improve their signal purity, reducing splatter and other
sources of adjacent channel interference. (It is pointed out
below that POWER-side also effectively reduces the so-
called “carrier beat” co-channel interference effect.)

The optimum “sideband tuning” point (for a perfect
POWER-side signal) is the same as it would be for conven-
tional single-sideband (SSB) operation; i.e., tuned to the
desired sideband with one of the receiver’s passband edges
at the carrier frequency.

As an example, assume that the receiver’s IF passband is
6 kHz. It should theoretically support 3 kHz audio response
when center or carrier tuned to a dsb AM wave, and 6 kHz
when tuned to an SSB signal. (Unfortunately, for the AM
broadcast industry, current (1988) receivers with 6 kHz
passbands may be considered to have reasonable band-
width and receivers with 44 kHz bandwidths are not
unusual!) Experiments with a number of POWER-side
stations show that tuning 2.2 kHz to 3 kHz from the carrier
towards the stronger sideband turns out to be an optimum
“sideband tuning” point, providing 4.4 to 6 kHz (-6 db)
audio fidelity.

Itis interesting to note that the matched filter concept of
Information Theory would lead to a similar conclusion. In
other words, since modern broadcast receivers have such a
narrow band characteristic, the POWER-side signal better
matches typical AM receivers. Thus, the implementation of
POWER-side signals is consistent with the Matched Filter
theory.

Accordingly, typical narrowband AM radios better
match one sideband of a POWER-side wave than they
match the two sidebands of the conventional dsb AM waves
which they were designed to receive. In any case, “Sideband
Tuning” to POWER-side signals, offers almost an effective
2-to-1 gain in frequency response for typical narrowband
home and portable radios.

Reduction of Sideband Cancellation Effects

The classical amplitude modified wave has a serious
weakness. The two sidebands of an AM wave are of equal
amplitude, thus making the wave particularly sensitive to the
relative phase of its three components. For example, if the
carrier is rotated relative to the sidebands by 90 degrees, the
wave is converted from a pure amplitude-modulated wave
to a form of phase modulation (quadrature modulation)
where there are no desired signal components present in the
envelope of the wave.

In other words, the fact that the sidebands are equal in
amplitude makes it possible for the desired demodulated
audio waves derived from the two sidebands to completely
cancel under certain conditions, such as selective-fading
multipath conditions, etc.

Since the sidebands of a POWE R-side wave are unequal,
it is a much more rugged wave.

For example, conventional equal amplitude sideband
AM waves suffer from a complete loss of fundamental mod-
ulation whenever the carrier is shifted odd multiples of 90
degrees; ie, +90 degrees, +270 degrees, etc. In com-
parison, the POWER-side wave loses only 2.7 db under
these same conditions. (See FIG. 2)
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It is noteworthy that the use of a synchronous
demodulator* does not, in any way, alleviate such losses of
fundamental modulation.

It should also be noted that, unlike these advantages of
POWER-side that are based upon “sideband tuning”, the
advantages based upon the reduced phase sensitivity of the
POWER-side wave are available for all types of radios,
including digitally tuned radios which center tune to the car-
rier frequency.

SUMMARY OF ADVANTAGES:

The advantage of the POWER-side system are of two
basic types:

1) Those due to “Sideband Tuning”; and

2) Those due to reduction of sideband cancellation
effects.

Obviously, in order to gain the “Sideband Tuning” advan-
tages, listeners must use a receiver that can be tuned to a
sideband such as: a) continuously tunable radios, or b) spe-
cial digitally-tuned radios that can be stepped in no more
than 2 kHz steps, or ¢) a new type of digitally-tuned radio
specifically designed for “Sideband Tuning”.

The advantages based upon the reduction of sideband
cancellation effects are available with all types of receivers,
including digitally-tuned radios which center tune to the car-
rier frequency. Generally, sideband cancellation effects are
further enhanced by “Sideband Tuning”, as the pre-
detection spectrum of the wave is caused to have addi-

tional asymmetry.

Brief Description of the Advantages of
“Sideband Tuning”

1) Increased frequency response. The frequency res-
ponse of most receivers is limitd by the IF or RF selectivity
characteristic. As discussed above, “Sideband Tuning”
almost doubles the overall frequency response of narrow-
band receivers.

2) Reduced adjacent channel interference. “Sideband
Tuning” causes splatter and adjacent channel carrier whis-
tles to fall at a substantiallly lower point on the RF and IF
selectivity curve. Furthermore, sideband tuning, by increas-
ing the effective fidelity of the desired received signal, enhan-
ces critical sibilant sounds and other mid- and high-
frequency sounds, raising their effective signal-to-inter-
ference ratios. Since sibilants are weak and generally are the
first common sounds to be lost in interference, improving
their level significantly improves intelligibility in fringe
areas.

3) Reduced co-channel interferences due to “Sideband
Tuning”. (See section below treating “carrier beats”, where
a much more important advantage is described.) Assuming
that the interfering AM station continues to transmit normal,
equal amplitude sidebands, the desired station gains up to
4.7 db in addition to the other advantages of “Sideband
Tuning”.

The station that continues to utilize conventional AM
transmission might be expected to gain even a greater
advantage than its co-channel neighbor using POWER-
side. The reason is that the POWER-side signal's weaker
sideband is reduced approximately 10 db while its stronger
sideband is raised only 3.5 to 4.7 db. The flaw in such reason-
ing is that, absent special POWER-side receivers, listeners

should not be expected to “sideband tune” their receivers as
would listeners to POWER-side equipped stations.
However, if the two interfering stations, cooperate and both
transmit POWER-side signals enhancing opposite side-
bands, a very significant advantage can be achieved. In this
case, as much as 15 db improvement in signal-to-inter-
ference ratio can be achieved with high selectivity receivers.
(Also, as discussed below, they will both enjoy freedom from
serious “beating” problems.)

On-the-air POWER-side operation by WMCA, New

York, 570 kHz, favoring the upper sideband, and WSYR
Syracuse, 570 kHz, favoring the lower sideband, has
achieved very substantial interference reduction for both
stations. Actually, WSYR has reported that at night, some
seven miles from the WSYR transmitter and approximately
250 miles from WMCA, one is able to hear an intelligible
signal from WMCA when using an independent sideband
type AM stereo receiver.
4) Less Critical Tuning. Typically, receivers tuned to a
POWER-side signal can be sideband tuned from as much as
3 kHz. Thus listeners can tune their radios from as much as
300 Hz on the “wrong side” of the carrier, to 3,000 Hz on the
“correct” side, for a total of 3300 Hz spread. In comparison,
typical AM signals, utilizing a similar pre-emphasis charac-
teristic, would cause tuning to be limited to approximately
+300 Hz. Thus, the improvement is over five times the nor-
mal tuning range.

Brief Description of Reduction of Sideband
Cancellation Effects

The relative insensitivity of a POWER-side wave, in
comparison to the conventional AM wave, results in the
following advantages which conform the ruggedness of a
POWER-side wave:

a) Significant reductionin the selective fading distortion
and the depth of the fades;’

b) Reduction in distortion in antenna nulls, as well as
less loss of modulation in these critical locations®

¢) Reduction of distortion and less loss of modulation
due to reradiation from buildings and power lines:

d) And, most importantly, a dramatic reduction in the
beat interference caused to other co-channel stations.

As pointed out above, POWER-side advantages a)
through d) exist for all types of receivers, whether con-
tinuously tunable or digitally tuned.

Co-channel Interference Reduction

There are two distinct aspects to an analysis of the inter-
ference characteristics of modulation systems:

1) How does the modulation system influence inter-
ferences to other stations; and

2) How does the use of the system influence the inter-
ference heard by the station’s own listeners?

The latter aspect has been treated above. It is now useful
to consider how POWER-side operation will affect a
station’s co-channel neighbors.

Actually, in the long run the most important advantage of
POWER-side operation may be that the system reduces co-
channel interference effects. The reason for this important
POWER-side characteristics can be best seen by examining
the phenomenon commonly (and the author believes
improperly) called “carrier beat”.



A beating sound is most annoying and creates far more
listener annoyance than does normal interfering speech or
music. Thus, a clean voice signal (absent beating effects),
say 30 db below a desired signal, produces far less disturb-
ance than does a voice signal having the same level but suf-
fering from beating effects. :

The term “carrier beating” is generally used to describe
this phenomenon. However, it is believed that this term is not
truly descriptive of the problem. Typically, co-channel inter-
ference beat rates are less than a few Hertz. Such low fre-
quency waves are greatly attenuated by the frequency
response of a receiver’s amplifier and loud speaker system.
Indeed, listeners cannot hear such low-frequency sound
waves even though they can feel very-low-frequency
vibrations.

One can hear the slow variation in noise level caused by
the variation of gain of AVC controlled amplifiers. However,
even moderately severe co-channel interference of 20 db,
causes the gain of the AVC controlled amplifiers to vary by
only 1.74 db, and for interference 30 db below the desired
signal the total variation is 0.5 db.

Actually the phenomenon that listeners do hear might
best be called “sideband beat”. The fact that sidebands beat
under normal interference conditions can be understood by
considering the following situation where:

1) thefrequency of the desired (strong) signal is 900 kHz
and the weaker co-channel carrier is 1 Hz higher, ie.
900.001 kHz;

2) the desired signal is temporarily free of modulation,
(“dead air”); and

3) the interfering signal is modulated by a 1 kHz tone.

Since the stronger (900 kHz) carrier dominates the
demodulation process, (the envelope detector controls the
switching function) the lower sideband will produce a signifi-
cant demoduation product at a frequency of 999 Hz. The
upper sideband produces a demoduation product having a
frequency of 1001 Hz. Both of these equal amplitude waves
easily pass through the receiver’s audio system and are aud-
ible to listeners. The beat rate caused by the difference in the
frequencies of the upper and lower sideband demodulated
audio signals will be 2 Hz or two times the carrier frequency
difference. (See Appendix A.)

Thus, under normal two-station co-channel interference
conditions, the receiver output will be contaminated with
two distinct audio signals having a difference in frequency of
two times the carrier error. .

Referring to FIG. 2, it is seen that conventional AM waves
suffer a wide range of effective modulation, from full to com-
plete nulls. On the other hand, a simplified analysis shows
that a POWER-side wave only suffers a total variation of 2.7
db under the same condition.

In order to experimentally verify the reduction of co-
channel beat type interference, a simple, but convincing,
experiment was performed. A multi-system AM stereo
“boom box” type portable radio, Sanyo model MW-250,
operating in the monophonic mode, was tuned to two
POWER-side stations (WMCA 570 kHz New York, and
WTHE 1520 kHz Mineola, Long Island) at Kahn Com-
munications’ laboratories in Westbury, New York.

The output of a Hewlett Packard model 606B signal
generator was loosely coupled to the input of the Sanyo MW-
250 receiver. One of the two POWER-side stations was
tuned in and the signal generator was adjusted to match the
received carrier frequency within 2 Hz.

The output level of the signal generator was adjusted for
maximum beat effects, indicating that the signal generator
was producing the same signal strength as the received
broadcast signal. The output attenuator of the signal
generator was then switched, so as to raise the level of the
signal generator by 20 db. This properly simulated a strong
unmodulated local signal being interfered with by a
POWER-side signal.

The resulting audible interference from voice and music
signals was almost completely free of any beat-type
phenomenon.

For comparison, the receiver was tuned to WOR, a New
York station transmitting a conventional AM signal and the
same procedure produced the very annoying conventional
beat-type sound. It is believe that this simple test produced
excellent substantiation of the reduction of the so-called
“carrier beat” phenomenon by use of POWER-side
transmission.

By reducing the sensitivity of the AM wave to “Sideband
Beating”, the widespread implementation of the POWER-
side system should significantly reduce co-channel inter-
ference effects.

POWER-side and Platform Motion

It is important to report that asymmetrical spectrum
characteistics of a POWE R-side wave should reduce one of
the basic weaknesses of phase-separated type AM Stereo
systems; i.e., the Motorola, Harris and Magnavox systems.
(Not the Kahn/Hazeltine ISB AM Stereo system, which is
properly classified as a frequency-separated system and
which does not suffer from such problems.) Phase-
separated type AM stereo systems can, under certain con-
ditions, produce a serious form of stereo image distortion
which the author has called “Platform Motion”. “Platform
Motion” may be defined as the undesirable motion of a
stereo image back and forth between the left and right
sides.

(The significance of “Platform Motion” cannot be
exaggerated and it is indeed the main reason why all stereo
receivers designed to receive phase-separated type AM
stereo signals must incorporate protection circuitry to
switch to monophonic reception under adverse reception
conditions. Conversely, receivers designed to receive AM
Kahn/Hazeltine system stereo signals, which are free of
“Platform Motion”, can remain in the full stereo mode under
all conditions of reception, insuring stereo coverage equal to
the monophonic coverage of the station.)

Platform Motion is created by two main mechanisms:

1) Multi-path transmission. In this case, the desired
signal reaches the receiver via two paths, such asreradiation
from buildings and power lines or from close-in skywave/
groundwave paths. (Such groundwave/skywave paths have
been reported as close in as a few miles from the transmitter,
severely limiting the stereo coverage of the station.) This
type of interference causes the desired audio signal to move
and is the most serious form of Platform Motion. It can be
called “Strong Platform Motion”.

2) From co-channel interference. In this case, the inter-
ference appears to swing back and forth from left to right
and can be called “Weak Platform Motion”. The net result is
a substantial increase in the effect of the interference,
because the interference “waves” at the listener.



If the co-channel interfering station operates with
POWER-side, this second type of stereo image distortion,
i.e., “Weak Platform Motion” can be significantly reduced by
the interfering station transmitting a POWER-side signal
instead of a conventional AM signal.

By reducing the sensitivity of the equal sideband AM
wave to the phase relationship between the carrier and the
sidebands, one type “Platform Motion” should be signifi-
cantly reduced’. The type reduced may be called “Weak
Platform Motion” because it is a less important type of plat-
form motion and is created by weak co-channel inter-

ference. (See Appendix B.)

Unfortunately, the widely reported close-in skywave/
groundwave platform motion, and other “Strong Platform
Motion” effects due to power-line and building reradiation,
are not alleviated because POWE R-side is not compatible
with phase-separated type AM Stereo systems. Thus, radios
designed to receive phase-separated type AM stereo signals
will still require protection circuitry to disable stereo recep-
tion in less than good reception conditions.

Adjacent Channel Interference

Obviously any modulation procedure has to be
evaluated as to its impact on the interference it causes to
other stations and also how sensitive the system is to inter-
ference from other stations.

It has been pointed out above that substantial advan-
tages accrue to listeners of POWER-side stations, whether
the station is subjected to co- or ad]acent-channel inter-
ference. Furthermore, it is shown elsewhere in this paper
that POWER-side stations are good co-channel neighbors,
in that the POWER-side wave dramatically reduces co-
channel “beat” interference.

Now the question is: what does PO WER-side operation
do to adjacent channel neighbors? Since one sideband is
made stronger than the sideband of a normal double-
sideband AM wave and the other side is made weaker, one
might expect increased interference to neighbors on the
strong side of the channel and a reduction of interference to
neighbors on the weak side.

Actually, neither sideband of a POWER-side signal
increases adjacent channel interference. Indeed, stations on
both sides, in comparison with normal AM Stereo operation
or even normal mono operation, should experience, in prac-
tical situations, an improvement in interference. Why this is
true can be seen by considering the following:

1) Treating first the extreme case of compliance with
occupied-bandwidth rules when only one sideband of the
Kahn/Hazeltine AM Stereo wave is used to provide full mod-
ulation. This situation goes far beyond POWE R-side opera-
tion in that under worst-case conditions, only 85% of the
modulation is in the strong sideband and the remaining 15%
is in the weaker sideband. Measurements now on file at the
FCC#® for +125% modulation and —100% single-tone tests
covering the range of 100 Hz to 15,000 Hz show that the wave
fully complies with Section 73.44 of the FCC rules and
regulations. These rules were achieved because the ISB
form of AM Stereo is a compact wave (indeed Magnavox, ina
forthright report to the FCC, rated this system best in terms
of interference production), and the new STR-84 AM Stereo
exciter incorporates a sharp filter which eliminates L-R
productsbeyond 7.5 kHz while maintaining L+Rresponse to
15 kHz.

Since the audio processing for POWER-side signifi-
cantly reduces the strength of the stronger sideband over
these severe L only, or R only, stereo tests, POWER-side
fully complies with FCC rules and regulations.

2) The stronger sideband of the POWER-side wave is
not pre-emphasized. Since pre-emphasis can increase splat-
ter by as much as 10 to 15 db at 10 kHz, this elimination of
pre-emphasis on the strong sideband is a significant factor.

3) As mentioned above, the POWER-side effect is
eliminated at 7.5 kHz by the action of filters in the stereo
exciter. Actually, the additional pre-emphasis on the weak
sideband causes the weaker sideband to achieve level
equality with the stronger sideband at approximately 5 kHz.
Thus the impact of POWER-side, in terms of causing adja-
cent channel interference, is restricted to sideband com-
ponents within +5 kHz of the carrier.

4) A POWER-side signal requires less pre-emphasis
because the POWER-side wave is less sensitive to loss of
modulation caused by phase distortion. The typical RF and
IF selectivity characteristic of an inexpensive receiver
introduces substantial phase distortion. Therefore, in order
to achieve a reasonable brightness of sound quality an
equal-sideband AM wave requires substantially more pre-
emphasis than does a PO WER-side wave. Since the amount
of pre-emphasis used directly increases splatter inter-
ference, a POWER-side signal, for a given brightness of
sound, should produce substantially less adjacent
channel interference.

As an example, if the phase distortion of the overall
sytem, including the transmitting antenna, receiving
antenna, and the RF and IF selectivity circuits in the receiver,
create a phase distortion of 60 degrees at say 6 kHz (12kHz IF
bandwidth), a conventional AM wave will have 25%
efficiency in terms of sideband power utilization. Under the
same conditions, a POWER-side wave provides approx-
imately 64% efficiency. In other words the effective modula-
tion of the conventional AM wave is 50% and the effective
modulation of the POWER-side wave is 79.9%.

5) There is also a practical consideration that should
substantially reduce adjacent channel interference when
broadcasters implement POWER-side. This may be seen
by recognizing the fact that POWER-side stations derive a
substantial portion of the system’s advantages because lis-
teners can “sideband tune” their radios. “Sideband Tuning”
advantages are a function of the amount of off-tuning lis-
teners find advantageous. Thus, the “cleaner” the POWER-
side signal, the greater the “sideband tuning” advantages.

In other words, a broadcaster that uses the POWER-
side system will find it important to produce an extremely
clean wave that will not “splatter” on the station’s own lis-
teners. This means POWER-side stations will eschew bad
practices like negative overmodulation, using improperly
neutralized transmitters, operating with excessive pre-
emphasis, etc. Recent tests?® conducted by adjacent channel
neighbors in California, KMNY 1600 kHz and KDAY 1580 kHz
Los Angeles, lend support to the fact that POWER-side
reduces adjacent channel interference.

CONCLUSIONS

It is shown herein that the POWER-side system
significantly improves monophonic reception using existing
Independent-Sideband AM Stereo transmission equipment.



Itis also shown that there should be significant reduction
of both co- and adjacent-channel interference caused by
POWER-side signals.

A number of on-the-air evaluations of the system sup-
port the results of the above analysis, including the reduc-
tion of selective fading and reduction of co- and adjacent-
channel interference effects.

The advantages of the system were separated into two
types: one group applicable only to mono receivers capable
of “Sideband Tuning”; and a second group of advantages
that are available to all types of receivers, including carrier
or center-tuned mono and stereo radios.

APPENDIX A
Analysis of Co-Channel “Sideband Beat”

The amplitude of the “Sideband Beat” of a co-channel
interfering signal is a function of the relative amplitudes of
the interfering wave and the desired wave. Under practical
operating conditions, the desired signal is at least 20 db
greater than the interferring co-channel wave. Accordingly,
the envelope-detector performance closely approximates
the performance of a product-type detector in that the
strong local carrier controls the “switching function” of the
envelope detector. (Communication engineers will recognize
the similarity of this operation to “exalted carrier” detection
which was used in early short wave SSB receivers.)

As pointed out above, the phase of the local carrier, rela-
tive to the interfering carrier, is a function of time, and under
typical conditions the angle between the two carriers is an
unbiased random function, ie., a rectangular density
function.

When there is a specific frequency difference between
the two carriers; for example, a 1 Hz error, the beat fre-
quency will equal 2 Hz (two times the carrier difference fre-
quency'), +two times the random frequency errors that
would even apply to a phase-locked “synchronous”
stations. Such random frequency errors are functions of
propagation characteristics, receiver location, etc.

As mentioned above, the most important phenomenon
in terms of co-channel interference is the dramatic variation
in audio level of the undesired signal as the angle between
the two carriers swing over a cycle. When this angle reaches
90 degrees, or any other odd multiple of 90 degrees, the
amplitude of the fundamental Fourier component is nulled,
leaving a slight amount of second harmonic distortion. (The
reason the distortion is small is that the desired carrier
causes the envelope detector to approximate the action of a
product demodulator, greatly reducing the quadrature dis-
tortion effect.)

It is useful to determine the amplitude for the complete
range of relative carrier phase between the desired and
undesired signals over a 0 to +90 degree region. (At angles
beyond +90 degrees the amplitude repeats this same
shape.)

In the following equations the RF terms, DC terms, and
the sub-audible low frequency terms generated by beating
the two carrier frequencies are deleted. Thus, the analysis
can be restricted to multiplying the local carrier by the two
co-channel interference sidebands. It is assumed that the
sidebands from the co-channel interfering signal are pro
duced by a single-tone modulation and with a modulation
factor of m. It is also assumed that the local station’s carrier
has an amplitude of Kvolts and the interfering carrier has an
amplitude of unity.

e= |1 +mcos (wAr.)] x cos (wet) x K cos (w.t + @)

p— Interference ———s [— Local —f

Carrier
Ignoring interfering carrier
= En/z X cos (wgt + wat) + m/2 x cos (w.t - "AtD

x K cos (wet +8)

Using product trigometric identities
= K m/4 x cos (wpt - 8) + Km/4 x cos (2wt + w,t + 8)

+ K m/4 x cos (-wpt -8) + K m/4 x cos(2wgt-wat + 8)

Considering only audio components
e = K m/4 x cos (wat - 8) + Km/4 x cos (wpt + 8)

noting cos (§) = cos (+ @)

Using the following identity:

1/2 Eos (A-B) + cos (AvBD- cos A x cos B

We see that:

e =cos 8 x Km/2 x cos (w‘\t)

Thus, the amplitude of the sideband beat wave follows the
absolute value of a cosine wave, which is a well known wave-
shape in radio engineering; i.e., the output of a resistance-
loaded full-wave rectifier.

APPENDIX B
Analysis of “Weak Platform Motion”
|
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FIG. 3 is a simplified block diagram of a phase separated type
AM Stereo decoder. It does not include distortion correction
circuitry, as would be required for the Magnavox or
Motorola type AM Stereo decoder. (Since the Harris system
is a true quadrature system it does not require any distortion
correction circuitry.)

Assuming that the receiver is tuned to a strong local
signal, which at the insant of analysis is unmodulated, the
waveshapes of FIG. 4 show how a conventional AMwave will
exhibit severe image notion when demodulated by a phase
separated type decoder.
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FIG. 4a shows the amplitude of the in-phase audio wave as a
function of the phase between the strong local carrier and
the weak intefering co-channel carrier. This waveshape has
been discussed in Appendix A.




|
i
FIG 4B

180°
OO

FIG. 4b shows the phase of the in-phase component. It is
seen that the demodulated audio reverses phase whenever
the amplitude function goes through a cusp.
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FIG. 4c shows the amplitude function of the quadrature com-
ponent of the incoming interfering wave.
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FIG. 4d shows the phase function of the quadrature audio
wave.

Under normal operating conditions, the outputs of the |
and Q detector of FIG. 3 are combined in the sum-and-
difference matrix, producing the desired L and R waves.
Unfortunately, the interference from the weak co-channel
station swings from full left, to center, to full right, as a func-
tion of carrier phase. This is shown in FIG. 4e.

IMAGE RIGHT  LEFT RIGHT LEFT
LOCATION CENTER CENTER CENTER
FiG. 4t

The reason the wave falls in the center at regular inter-
vals is that at those instances either the [ amplitude is zero or
the Q amplitudeis zero. Under such conditions, since there s
only one signal going into the sum-and-difference circuits,
the L and R outputs must be equal, causing the image to
appear in the center. (When the phase of the L. and R outputs
are out of phase as they are when the I amplitude is zero, the
image will be somewhat strange, as it is with any out-of-
phase speaker situation.)

During other conditions of carrier phase, the left and
right channels are unequal. Complete separation points will
occur when the amplitude of the I wave and the amplitude of
wie Q waves are equal. In other words, at multiples of 45
degrees between the two carriers the I and Q detector out-
puts are equal. Since at these instances the I and Q audio
signals are either in phase or out of phase, either a full L
signal results or a full R

This simple analysis clearly shows how an interfering co-
channel AM wave causes “Weak Platform Motion”. Such
Platform Motion has been experienced in the field and it
results in significantly increased annoyance by causing, in
effect, the interference to “wave” at the listener.

Now, let us consider FIG. 5 which shows the phase func-
tion of a pure SSB wave. While the POWER-side wave is not
a pure SSB wave, it should substantially reduce Weak Plat-
form Motion.
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In the case of the SSB wave, the amplitude of the [ and Q
waves are equal under all phase conditions. This is one of the
basic reasons why SSB reception is particulary rugged, in
terms of providing acceptable performance under disturbed
propagation conditions. The phase of the I and Q audio
waves linearly swing from —90 degrees to +90 degrees. (This
assumes the upper sideband is transmitted. If the lower side-
band is transmitted the phase slopes are reversed.)
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Examination of FIGS. 5A and 5B shows the phase dif-
ference between the I and Q audio waves is either 90 or 270
degrees. This cases the L and R outputs of FIG. 3 to be equal
because the I and Q waves are equal in amplitude and are in
quardrature. Thus, under all conditions of relative carrier
phase, the L and R waves are equal and the interference will
remain in the center, eliminating this one form of Platform
Motion.

Unfortunately, the more serious “Strong Platform
Motion” is caused by self interference, and there is no
apparent mechanism for removing it.

NOTES

1 Leonard R. Kahn, Compatible Single-Sideband, Proc. IRE, Vol. 49, No. 10, pp
1503-1527. Also see earlier forms of sideband broadcasting: N. Koomans 4symmetri-
cal sideband Broadcasting, Proc. IRE, Vol. 27, pp 687-690, and P.P. Eckersly
Asymmetrical-sideband Broadcasting, Proc. IRE Vol. 16, pp 1041-1092.

2 Private communication from Dennis R. Ciapura, Vice President, Noble Broad-
casting Co. to Leonard R. Kahn, describing special stereo processing used by the
recording industry.

3 Leonard R Kahn, Amplitude Modulation Theory and Measurements - New and
Old Paradoxes, Proc. 41st NAB Annual Broadcast Engineering Conf. 1987.

4 Synchronous demodulators multiply the carrier components by the sidebands;
they also have been called “product demodulators” and “exalted carrier detectors”.
Synchronous demodulators do, however, eliminate the distortion of an envelope
detector when detecting a conventional AM wave suffering from selective phase
distortion.

5 Experimental verification first obtained by radio station KSL - Bonneville,
engineering department.

6 Experimental verification obtained by radio station WELI - Clear Channel
engineering department.

7 The author points out that while there has been no experimental verification, the
analysis indicates that there should be some reduction of “Weak Platform Motion.”
Recognizing the commercial importance of this matter, itis believed that early publica-
tion of this particular facet of the POWE R-side system, absent experimental proof, is
justified. The author plans to write a further article covering these effects as well as
information concerning methods for enhancing stereo effects when POWER-side
signals are received with Kahn/Hazeltine type AM stereo radios.

8 D.L. Bordonaro, WFTQ Occupied Spectrum Kahn STR-84, dated February
26, 1986.

9 Private communication between Mr. Andy Laird, Vice President of Engineering
for Heritage Media Corporation (KDAY), and Leonard R. Kahn.

10 The reason for the doubling of the error /A Fis that the carrier error displaces
the audio from one sideband by + A\ F, and the audio from the other sideband aurio by
- A\ F, making the difference between the two audio waves 2 A\ F.
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T-4 CHRONOGRAPH

by Frederick G. Suffield, P.E. (M 1978, S 1984)

During 1944, the U.S. Navy became concerned with the
problem of overranging by the large-calibre guns aboard
battleships and heavy cruisers. With good radar-range to
targets, shells went beyond distant-ship targets far too
frequently. Several organizations were asked to look into the
problem for the Navy.

Some initial work by members of the Westinghouse Elec-
tric Company’s Research Laboratory led to the conclusion
that the muzzle velocity was a parameter to examine. Range
varies approximately as the square of the muzzle velocity;
thus it is a critical element of the range equation.

Firing tables for large-calibre guns were derived by firing
the barrels at the Dahlgren Proving Ground with a controlled
lot of powder, and carefully weighed and balanced sand-
loaded shells. From measured velocity, firing tables were
calculated for each barrel. At the proving grounds, velocity
was measured by firing the magnetized shell through two
large coils of wire suspended close to the muzzle, but
separated by several feet, and timing the shell passage over
the distance between the rings. The time-measurement sys-
tem was not as accurate as desired; wind varied the coil
spacing and the velocity was not true muzzle velocity.

Torecalibrate the guns on a major battleship of the U.S.S.
Iowa class would mean removing the ship from combat,
going to one of very few yards where a 200 ton barrel could
be removed, transporting the barrel to Dahlgren for recalib-
ration, and returning it to the ship. In the wartime period, this
was not possible.

If the muzzle velocity using a known lot of powder and
controlled shells could be measured onboard ship, the firing
table for the barrel could then be updated.

Several groups considered various ways to accurately
measure the velocity onboard a ship. One method was to use
a polarized transmitter in the shell, receive the signal and
plot the nulls as the shell rotated. Another was to paint shells
with white-and-black portions and photographically
derive velocity.

The Westinghouse team decided that by reflecting a
continuous-wave microwave signal off of the base of the
shell, comparing this with the transmitted frequency and
measuring the difference of frequencies (the Doppler shift),
one would have a high accuracy measurement of shell
velocity.

A breadboard system was built and tested at the Aber-
deen Proving Grounds, and at Dahlgren, and data were
obtained to an accuracy of 0.1% of velocity.

The Navy contracted for the building of 17 units called
the T-4 Velocity Chronograph. A few were to go to the
British, some to the Army, the rest to the Navy. Within a few
months the original laboratory model and Serial #1 were
ready for field testing.
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The two equipments were taken to Dahlgren, and check-
ed out. As the Navy had elected to conduct the field test on
the battleship U.S.S. lowa, BB-61, in the Pacific, thirty rounds
of sand-loaded 16” shells were weighed and balanced, and
thirty rounds of powder from the same lot were bagged (50
Ibs. per bag, six bags for each round fired), and the ammuni-
tion shipped aboard a special train to Long Beach, California.
The lowa was recalled from the Pacific to the Long Beach
harbor, and a few days before the ship and the ammunition
load converged on Long Beach, the Navy flew the West-
inghouse engineers and the equipment from Dahlgren to
Long Beach.

At sea, after the powder had temperature stablized in the
powder magazine (necessary since the velocity varies with
powder temperature) and after set up of the equipment, a
destroyer escort towed a target and the target range was
measured by all radars available, and that range was input-
ted to the fire control system.

The thirty rounds were fired, with the splash point and
muzzle velocity recorded for each round.

Reduction of the data indicated muzzle velocities well
over those anticipated but with small round-to-round
variations. True range was commensurate with the true,
measured velocity.

The Doppler system made use of a 723 A/B (2K25) X-
band Klystron for the transmitter. The 1/4 watt output was
adequate for the range required. Two 18” paraboloidal
reflectors and feeds were mounted side by side; the feeds
coupled together behind the reflector with waveguide. The
Klystron was mounted on the waveguide to drive the
transmit antenna. Separating it from the receiving antenna
was a window with adjustable-screw short to allow a small
amount of RF to leak across to the receiver side. On the
receiver side, was located a IN23-B crystal for detection.



Control Unit including power supply, amplifiers,
and counters.

Since velocity was measured in feet-per-second, it was
desired that the microwave frequency be adjusted to avalue
that was easily converable to feet, and the Klystron was
tuned to a frequency to be 1.26” free space wavelength. To
eliminate complex automatic frequency control, a standard
X-band TR cavity was used with added windows to increase
the Q, fed from the Klystron side of the waveguide, and witha
crystal and meter on the output. Thus one had a quite
accurate, tuneable, portable, frequency reference.

The detector crystal output-frequency was in the range
of 10 to 60 KHz for the range of shell velocities to be
measured. This low-level signal had to be amplified to feed
the frequency counter but the noise bandwidth was unac-
ceptable. In that one knew the approximate velocity to be
measured, a tuned circuit was added to the input of the wide-
band amplifier, with the tuning dial calibrated in feet per
second.

In 1944, there were no frequency counters, and the
measurement at the Doppler frequency under field con-
ditions was a challenge. Vacuum-tube binary counter cir-
cuits were available, but limited in the speed or frequency
limit of counting. Displays were typical binary; each decade
read 1,2,4,8. The solution rested upon defining an accurate
time base, for which a 400 KHz crystal would give 2.5
microsecond intervals which was about the limit of the
counter speed.

The Doppler difference frequency was amplified and
divided into two channels. One channel was called the Train
Count, and was selected to count 64, 128,256 or 512 cycles of
the incoming frequency. The other channel opened a gate
circuit at the start of the selected count and closed it at
the end.
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The gate admitted the 400 KHz signal to a second counter
called the Time Counter, and read out the number of 400 KHz
cycles occurring during the time period of the selected train
count. Thus, as an example, one had — for 128 cycles of the
unknown Doppler — the number of 400 KHz cycles occuring
during the 128 cycles. This was equivalent to 128/time,
reducing to a single cycle the unknown frequency divided by
the time intervals of 2.5 microsecond cycles, thus 1/T = f,
the unknown frequency.

Refinements recognized that as the shell moved into the
field of view of the antenna, the signal would increase above
the noise level with a probability of the earliest counts being
missed. Therefore, a selectable delay was added to allow 16,
32, or 64 counts to be rejected before the time gate was
opened. This had a secondary benefit, for two type of pow-
der werein use on board ships. Smokeless powder, generally
white smoke, was used for daytime; flashless powder, black
smoke, for night firings. However the highly-visible flash of
smokeless powder also ionized air and blanked-out the
signal for a short distance; thus the delay was neccesary.

The results of the field tests were of definite value to the
Navy. The generation of the firing tables takes into account
many variables. One of these is the bore erosion: the gradual
increase in bore diameter due to the hot gas, powder particle
passage, shell passage, condition of the bore, characteristics
of the steel in the liner, and other variables. In general, his-
tory had led to the factors used in the firing table com-
putational work. However, it appeared that much of the
historical data was based upon WWI experience in long-
range combat between capital ships.

World War Il saw much use of large calibre guns for
shore bombardment in support of landings.

Several loadings of powder are used to establish the
muzzle velocity; and “target” loadings of lower velocity fre-
quently were used for shore bombardment. Reducing muz-
zle velocity from 3200 to 2400 feet per second results in an
appreciable reduction in bore erosion, and those lower
velocities had not been adequately factored with the firing
table calculations. Thus the bores were tighter than an-
ticipated, muzzle velocities were higher than anticipated,
and the shell traveled further than desired.

Other data derived from the T-4 Ballistic Chronograph
were of benefit to the Ordnance people. An element of
important in powder formulation is the burning rate and
breech pressure. The safety of the gun, and the obtaining of
consistent and optimum velocity from a given weight of shell
and powder type, is a critical element in design. By position-
ing the Chronograph antennas in a field out in front of a gun
and firing over or slightly to one side, and feeding the Dop-
pler output to a recording oscillograph, one was able to
record the rate of acceleration within the barrel, the change
in acceleration from the muzzle outward, and the spin varia-
tion as well as yaw of the round.

The successful test led to an interest by the Navy in
installing an on-board system on all major ships so that firing
tables and gun barrel characteristics could be continually
matched.

The field tests had shown some interference from “X”
band radars on board the ship. Since but few “K” band sys-
tems were in use, and atmospheric absorption would help
reduce interference, it was felt that “K” band frequencies
would be the optimum to use. However, the war came to an
end before further work could be done, and the project
was terminated.



HONORS AND AWARDS 1988

ARMSTRONG MEDAL
Luther G. Schimpf

Awarded in recognition of his inven-
tions which were fundamental to the
development and application of digital
transmission, spread spectrum, and
frequency-band compression.

SARNOFF CITATION
Mal Gurian

Awarded in recognition of his ad-
vancement of electronic communications,
and contributions to the radio industry.

BUSIGNIES MEMORIAL AWARD
Francis T. Cassidy

Awarded in recognition of his work in
the advancement of electronics for the
benefit of mankind.

LEE deFOREST AWARD
Fred M. Link

Awarded in recognition of his early
work with Dr. Lee deForest.

FRED M. LINK AWARD
Stuart F. Meyer

Awarded in recognition of his con-
tributions to the development of land
mobile radio communications.

ALLEN B. DuMONT CITATION
William D. Kelly

Awarded for his role in pioneering the
installation of DuMont TV transmitters
and assisting the FCC in establishing
standards for TV transmitter operations.

RALPH BATCHER MEMORIAL
AWARD
Dr. Ralph W. Muchow

Awarded for his distinguished work in
collecting, maintaining and exhibiting
early radio transmitters and receivers.

PIONEER CITATION
Francis H. Shepard, Jr.

Awarded for his pioneer inventions
and patents in radio communications,
computers and electronic circuitry.

PRESIDENT’S AWARD
David Talley

Awarded for his initiative in the forma-
tion and for his continuing high level of
activity with the Florida Section of The
Radio Club of America.

SPECIAL SERVICES AWARD
Jerry S. Stover

Awarded for his outstanding support
and distinguished services to The Radio
Club of America.




FELLOWS - 1988

The following members are elevated to the Grade of Fellow in The Radio Club of America in recognition of their
achievements in furthering the goals of the Club, and are here Cited:

Ms. Minnie M. Adams, Vice President — Mitchell Energy &
Development Corp., The Woodlands, TX, and Chairperson of
NABER, for leadership in mobile communications industry.

Hugh G.J. Aitken, Ph.D., Professor — Amherst College, Amherst,
MA, for distinguished contributions in the field of history of radio
and electronics.

Don Bishop, Editorial Director — Mobile Radio Technology,
Overland Park, KS, for achievements in the fields of publishing and
radio broadcasting.

John E. Brennan, President and COO — Metro Mobile CTS, Inc.,
New York, NY, for leadership in developing specialized mobile and
cellular radio telephone communications.

George K. Burton (deceased), retired Captain of Contra Costa
County (California) communications system, for pioneering work
in developing mobile-radio repeater systems.

Ms. Connie M. Conte, Assistant to the President — Tele-
Measurements, Inc., Clifton, NJ, for dedicated services to The Radio
Club of America and for successfully coordinating the annual
Awards Dinners of the Club.

Robert L. Elms, P.E., retired Consulting Engineering, Budd Lake,
NJ, for contributions in command and control systems for nuclear
weapon systems and radiation safety hazards abatement.

Ms. Jacqueline H. Ericksen, Ph.D., Vice President — All-Comm,
Inc., Albuquerque, NM, for contributions in managing mountain-
top repeater sites to minimize interference and improve tech-
nical operations.

Earl H. Flath, Jr., P.E., Consulting Engineer — Dallas, TX, for con-
tributions in developing computer prediction systems, integrated
antenna systems for missiles and aircraft, and special radars.

Lloyd A. French, retired Executive and Educator — Sacramento,
CA, for leadership in APCO activities and in organizing technical
training programs in mobile radio communications.

John R. Galanti, Vice President, Network Engineering of Bell
Atlantic Mobile Systems — Basking Ridge, NJ, for leadership in
technical development and advancement of the cellular radio
telephone industry.

Scott J. Goldman, President — The Goldman Group, Los Angeles,
CA, for contributions in engineering analysis and research design in
cellular radio and paging implementation.

George D. Graul, retired Police Communications Engineer —
Jersey City, NJ, for leadership in IEEE activities and in community
repeater operations.

Arthur L. Greenberg, retired Executive — Wading River, NY, for
pioneering work in Amateur radio organizations and developments
in antennas.

Ralph A. Haller, Chief: Private Radio Bureau, FCC — Washington,
DC, for leadership in deregulation of radio communication services,
and in testing and measurement technologies.

Homer H. Harris, CEO of Industrial Communications Systems,
Inc. — Aguanga, CA, for pioneering work in radio common carrier
and paging services, and leadership in the radio communica-
tions industry.

Norman D. Hawkins, President of EF. Johnson Canada Inc. —

Scarborough, Ont., Canada, for innovative activities in promoting
the use of mobile radio communications equipments.

Gerald M. Howard, Esq., P.E., retired engineer and attorney —
Dallas, TX, for pioneering work in geophysical prospecting for oil, in
radio broadcasting, and as an FCC attorney.
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Jay R. Huckabee, Consultant to Jay Huckabee Company (elec-
tronics distributor) — Snyder, TX, for pioneering work with FCC
Radio Intelligence Division, and Naval Research Laboratory.

William O. Hunt, former Chairman and CEO of Alliance
Telecommnications Corp., Dallas, TX, for industry leadership in the
fields of radio common carrier, paging, and specialized radio com-
munication services.

Frank H. Jarvis, retired Military Communications Executive, New
York Telephone Company — Longboat Key, FL, for responsibilities
relating to communications for the President of the United
States.

Ms. Antoinette P. Kaiser, President & CEO of Sti-Co Industries,
Inc. — Buffalo, NY, for leadership in the design and manufacturing
of specialized antennas for mobile radio communications.

John A. Linton, Jr., Manager of Administrative Services, B.F.
Goodrich Co. — Akron, OH, for contributions to the extended use of
land mobile radio communications.

Ake Lennart Lundqvist, President of Ericsson Radio Systems AB
— Stockholm, Sweden, for industry leadership and major con-
tributions in mobile radiotelephony.

Joseph F. Marshall, P.E., retired Engineer, FCC — Hyattsville,
MD, for contributions in spectrum engineering studies and
developments of new radio technologies.

J. William Miller, Engineering Consultant — Fairfax Station, VA,
for contributions in the fields of microwave, tropospheric scatter
and ionospheric scatter propagation, and in HF, VHF, and UHF
communications.

Harry J. Mills, retired Engineer, RCA Service Company — Hender-
sonville, NC, for responsible management of engineers assigned to
support NATO military operations, and for research on com-
munication antennas.

Clive H.K. Moffat, Product Group Manager of Philips Radio Com-
munication Systems Ltd. — Cambridge, England, for contributions
to the international development of mobile radio equipments
and services.

Anthony Natole, Vice President of AMTOL Radio Com-
munications Systems, Inc., — Whitestone, NY, for contributions
and leadership in the design, installation and servicing of land-
mobile radio systems.

John S. Sawvel, Jr., Projects Engineer of Ohio Edison Company —
Akron, OH, for management of private telecommunications sys-
tems utilizing data transmissions, point-to-point and land mobile
radio.

Harry L. Schmidt, Director of Overseas Engineering for Micro
Byte Research Inc. — Scarborough, Ont., Canada, for contributions
in the design of advanced audio products and voice recognition
systems.

Herschel Shosteck, Ph.D., President of Herschel Shosteck
Associates Ltd. — Silver Spring, MD, for penetrating economic
analyses of the mass telecommunications field and, particularly,
cellular telephony.

Ms. Ethel M. Smith, retired from U.S. Navy Scientific & Technical
Processing Center — Washington, DC, for distinguished service in
electronic intelligence and cryptology.

Gene F. Smith, Vice President & General Manager of Mobile Radio
Dispatch Service, Inc. — East Brunswick, NJ, for pioneering radio
common carrier and paging services.

George W. Weimer, P.E., Vice President of Engineering of
Raymond C. Trott Consulting Engineers Inc. — Irving, TX, for con-
tributions in microwave and mobile-radio data systems, and
simulcasting.



NEW DESIGNV AND CONSTRUCTION DATA

FOR

by Arch Doty (M 1972,F 1984,L 1985)
Harry Mills (M 1983,S 1987,F 1988)

ArcH Doty

HARRY MILLS

This article contains excerpts from the
two papers presented by Messrs. Doty and
Mills at the Radio Club of America
Technical Symposium on November 20,
1987. The full text of these papers will be
published by the American Radio Relay
League in The ARRL ANTENNA
Compendium, Volume 2.

Of interest is the fact that this article is
the first in Club history that has been
prepared on a home personal computer,
and provided in "camera ready” form for
publishing. For the information of
computer buffs, thiswas accomplished by
Arch Doty (Chairman of the Club’s
Computer Committee) using a Tandy
1000TX computer, WordPerfect 5.0
software and a Hewlett-Packard DeskJet
printer.

(Ed. note)

I. DIMENSIONS OF 1/4 WAVELENGTH
MONOPOLE ANTENNAS

Vertical antennas are not too complicated.
They may be drawn, looking from the feed point,
as a series resistor, series inductor and series
capacitor:

=




Where: The RESISTOR represents the several
resistances inherent in an antenna,
including the ohmic resistance value of
the metallic antenna element, the
"radiation resistance" of the antenna,
etc;

: The INDUCTOR is the self inductance
of the wire or tubing used as the
radiating element; and

: The CAPACITOR is the capacity
between the radiating element and the
ground or surrounding objects.

The resonant frequency of a vertical is "A
frequency at which the input impedance of an
antenna is nonreactive" <1>. In other words,
when the inductive reactance of the radiating
element is exactly balanced by the capacitive
reactance of the antenna system at a certain
frequency the antenna is resonant at that
frequency.

To give an example of how this works, let’s first
look at a resonant vertical antenna. The vertical
radiating element has a certain natural value of
inductive reactance. This value is balanced, at
resonance, by the capacitive reactance resulting
from the adjacency of the radiating element to
ground, or to nearby structures (as, perhaps, a
base insulator). For illustrative purposes this
capacity may be imagined as resulting from a lot
of small capacitors- each having one end
attached to the antenna, and the other end
attached to the ground:

N

.
N

If the diameter of the radiator is increased, this
increases the surface area of the element that is
"looking" at the ground. Thus the element will
have greater capacity to ground- just as making
capacitor plates larger increases their capacity:
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HEIGHT TO DIAMETER RATIO

If the second antenna shown above, with the
larger diameter element, is to remain resonant at
the original frequency, it must be shortened
enough so that it once again provides the same
capacity to ground as did the original radiator.
This is referred to as the "Height (or Length) to
Diameter Ratio", or the "Antenna to Diameter”
effect on the resonant frequency of a vertical
antenna: the "fatter" a radiating element, the
shorter it must be to maintain a fixed resonant
frequency.

This explains why the physical heightofa"1/4
wavelength" vertical antenna may be
considerably less that an electrical quarter
wavelength.

END EFFECT

There is a second phenomenon, referred to as
"End Effect" that also results in the physical
length of a radiator being shorter that the
electrical length.

End effect results from the “"boundary
condition" atthe end(s) of the radiator, i.e., where
the metallic element ends, and a non-conducting
medium begins (as, air, or an insulator). In this
area there is a concentration of electric lines of
force, which implies a greater capacitance per
unit length than is found along the rest of the
radiator.

The result of this "extra capacity" at the end of
an element is to "load" the element and thus
reduce its resonant frequency. Thus it will be
necessary to reduce the physical length of the
element to maintain its original resonant
frequency.



In summary, anything that adds capacity to a
vertical antenna must be recognized when
deriving a formula for the physical length of the
radiating element.

FORMULA FOR THE HEIGHT OF 1/4
WAVELENGTH VERTICAL MONOPOLES

One of the objectives of the test series was to
derive a formula that would allow determination
of correctantennaheights for verticalmonopoles
having various diameters.

A review of the literature showed that the data
provided on this subject in many of the most
popular references was not correct, as they did
not make compensation for one or more of the
factors described above. Thus use of this data
will provide incorrect vertical antenna heights.

The importance of considering all of these
factors is illustrated by the fact that a variation of
5" was found between the element heights
necessary toresonate the thinnest (1/8") and the
thickest (2") elements at the same frequency
(29.0 MHz.).

With the above in mind, the following formula
was derived:

HEIGHT OF A 1/4 246 C
WAVELENGTH VERTICAL =  —-ecrmeeenes
MONOPOLE (in feet) f(MHz.)

Where C = A factor to compensate for ALL
aspects of the antenna system
that cause the physical height of
the radiating element to be less
that its electrical length (as,
Height to Diameter Ratio, End
Effect, etc.)

In order to determine the "C" factor, several
thousand measurements were made of vertical
monopole antennas located above the center of
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a 20’ x 20’ counterpoise incorporating 64 radial
wires raised 5’ above the ground. A peripheral
wire connected the ends of the radials to
eliminate the possibility of resonance in the
array. Extensive prior testing <2 > had provided
good evidence that a counterpoise of this size
would provide afair approximation of the elusive
"Perfect Ground", and should allow uniformity of
testing without concern about anomalies in the
ground system. Tests were conducted in the 27
to 30 MHz. range.

Graph | shows the shortening effect found for
the physical length of an electrical 1/4
wavelength vertical monopole antenna over a
counterpoise. As mentioned, this graph takes
into account ALL factors that cause a vertical
antenna to have a physical height less than an
electrical 1/4 wavelength.

Further testing produced the base resistance
figuresshownin Table |. The lower than expected
values for the "fatter" radiators were of concern
until we noticed the work of Richmond <3>
which indicates similar values for monopole
antennas operating over a circular disk (i.e., a
solid counterpoise).

II. CAPACITIVE BOTTOM LOADING
OF VERTICAL ANTENNAS

After the tests referred to above had been
completed and evaluated, a nagging question
remained: Had some factor been missed that
would help to explain the unexpectedly short
heights found for 1/4 wavelength vertical
monopoles?

Some months later the first clue to the
unusually short antenna heights appeared when
we built and tested a number of 440 MHz. folded
monopole antennas over counterpoises.

An extensive series of tests of these antennas
showed that:

1) The resonant frequency of a 1/4
wavelength vertical antenna used with a
counterpoise varies as the size of the ground
system (or plate, in the designs tested) under the
counterpoise: the larger the ground system,
the lower the resonant frequency; and



2) The resonant frequency of a vertical
antenna used with a counterpoise varies
as the distance between the
counterpoise ground: the greater the
distance, the higher the resonant
frequency.

In other words, the capacity between the
counterpoise and ground is acting to
CAPACITIVELY BOTTOM LOAD THE VERTICAL
RADIATOR.

An additional series of tests were next
conducted to better define and quantify the
capacitive bottom loading effect. In deriving the
test program it was considered that this effect
may be described as follows:

As the frequency of operation is raised, an
antenna of fixed height looks at its base feed
point like an increasing resistance in series with
a decreasing capacitance. The resulting
inductive reactance at the feed point must be
tuned out, which necessitates the use of a
capacitive reactance, which is provided by a
capacitor.

In the antennas tested, capacity was added
between the feed point of the antenna and the
ground system, in order to supply the required
capacitive reactance. By varying the value of this
capacitive reactance the frequency at which the
base impedance of the antenna is purely
resistive, i.e., itsresonant frequency, was varied.

A number of antennas for use on the 440, 145
and 29 MHz. amateur bands have been built to
evaluate the practical aspects of Capacitive
Bottom Loading. All have worked extremely well.
For example, a 29 MHz. model was found to be
“tunable” from 259 to 31.5 MHz without
changing the height of the vertical radiator. With
100 watts input a small "trimmer" capacitor was
found to be satisfactory to perform the Bottom
Loading function. Performance on the "10 meter"
amateur band has been excellent.
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III. IMPEDANCE TRANSFORMATION
PROVIDED BY FOLDED MONOPOLE
ANTENNAS

The folded monopole antenna consists of two
ormoreparallel, vertical,elementsapproximately
1/4wavelength high. These elements are atright
angles to, and fed against, a suitable
counterpoise, ground plane or other artificial
ground system. IEEE describes a folded
monopole as being " A monopole antenna
formed from half a folded dipole with the unfed
element(s) directly connected to the imaging
plane.”

Folded monopole vertical antennas have the
unique ability of presenting various values of
base impedance, depending on the number of
elements used, their relative diameters and the
spacing between the elements. Excellent data is
available <4 > on the impedance transformation
that may be accomplished with folded DIPOLE
antennas, but not folded MONOPOLES.

Common practice has been to feed most
vertical antennas with coaxial cable having a
nominal impedance of 50 ohms. As the base
impedance of the usual "1 /4 wavelength” vertical
antenna is only a fraction of 50 ohms, an
impedance matching device is required to match
the coax feed line to the antenna. System
efficiency is improved if the antenna can be
designed to present a 50 ohm impedance at its
feed point.

It was for this reason that several thousand
measurements were made to determine- for the
firsttime- whatimpedance transformation can be
accomplished by changingtherelative diameters
and spacing of the elements of a folded
monopole antenna.

The element heights used were those
determined by the test program that has just
been described. Center test frequency was 29.0
MHz. As in the previous tests, an artificial ground
system composed of a 64 radial counterpoise
was utilized.
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RATIO OF RADIATOR HEIGHT TO DIAMETER

25 50 75 100 125 150 175 200 225 250
TABLE I
BASE RESISTANCE OF 1/4 WAVELENGTH
m}&.olggm OVER A 64 RADIAL

UNIPOLE ACTUAL H/D BASE RESONANT THEORETICAL Cc

DIAMETER HEIGHT RATIO RESIS. FREQUENCY HEIGHT FACTOR
.1257 7.41" 712 33.5 Ohms 29.1 MHz. 8.45' 0.877
375 7.45 238 29.0 28.45 8.65 0.861
375 7.41 237 29.0 28.4 8.60 0.861
.375 7.38 236 29.0 28.7 8.57 0.861
.625 7.44 143 25.0 28..1 8.46 0.849
.625 7.38 142 25.0 28.2 8.72 0.846
.625 7.33 141 25.0 28.4 8.66 0.846
.625 7.17 138 25.0 28.95 8.50 0.844
.875 7.43 102 23.5 27.7 8.88 0.837
.875 7.38 101 23.5 27.9 8.82 0.837
1.0625 7.26 82 22.5 28.0 8.79 0.826
1.3125 7.39 67 22.0 27.4 8.98 0.822
1.875 7.25 46 21.0 27.6 8.91 0.814
2.00 7.25 44 21.0- 27.5 8.95 0.810
“Theoretical Height" 1is based on the formula : 246

" Tromn
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TABLE 2

IMPEDANCE TRANSFORMATION PROVIDED BY
TWO ELEMENT FOLDED MONOPOLE ANTENNAS

MAIN ELEMENT
DIAMETER

DROP WIRE
DIAMETER

SPACING BASE
BETWEEN ELEMENTS RESISTANCE

7/8

1 5/16

3/8 5/8

7/8

1 5/16

5/8 2

7/8 2

Table 2, above, shows selected conditions that
were found to result in base impedance values
close to those of the common 50 and 72 ohm
coaxial cable.

IV. SUMMARY

The test programs described above provide a
considerable amount of new data on vertical
antennas, with important practical implications:

:Through the use of Graph | proper
dimensions may now be derived for 1/4
wavelength vertical monopole antennas over
counterpoise, or equivalent,ground systems.
This data has not been available in the past, as
far as we can determine.

:The concept of Capacitive Bottom
loadingis explained. Practicalapplications ofthis
convenient and efficient method of resonating
vertical antennas have been constructed.

5/8"
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72 ohms
75
67
72
52
73
54
74
73
71
73
54
72
71
74
72
74
75

[

[
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:The last test series provides new data
permitting one to design a folded monopole
antenna having a specific base impedance. This
data will permit the choice of element sizes and
spacings to achieve a wide variety of
impedances for matching, phasing, etc.

V. REFERENCES

1."|EEE Standard Dictionary of Electrical and Electronic
Terms", IEEE, Third Edition, 1984

2. Doty, Frey and Mills, "Characteristics of the
Counterpoise and Elevated Ground Screen",
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3.J.H.Richmond, "Monopole Antenna on Circular Disk",
IEEE Transactions on Antennas and Propagation, Vol.
AP-32, No. 12, December 1984.

4. "The ARRL Antenna Book", American Radio Relay
League, 15th Edition, 1988. Chapter 2, pp. 2-32. 2-33.



A Company for the Future

Experts in
Design,
Installation and
Service of
Landmobile
Radio Systems

WHEN YOU THINK COMMUNICATIONS
— THINK SMART

— THINK mtol

GAETANO (TOM) AMOSCATO

President

ANTHONY NATOLE
Vice-President

355 Butler Street
Brooklyn, New York 11201

Amtol RADIO COMMUNICATIONS SYSTEMS, INC. (718) 7673770

main office 150-47A 12th road, p.o. box 93, whitestone, n.y. 11357 @ 718 767-7500 30 Garden Street
New Rochelle, New York 10801

(914) 576-3604




Analysis, design and installation
of custom communications systems

) Repeater Communications Corporation

efficiency in communications through 2-way radio

460 WEST 35TH STREET ¢ NEW YORK, N.Y. 10001 / 212 736-6500
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The Midland Syn-Tech Challenge made believers
out of some pretty tough customers!

/

“Superior reliability”

“Radios in our off-road land sur-
vey vehicles really take a beating.
But the reliability of our Syn-Tech'’s
has proven far superior to any-
thing else I've experienced in 12
years as a two-way user.”

Charles Sterling, President
Sterling Engineering, Inc.
Maryville, TN

“Operational flexibility”

“The large channel capacity,
plus the ability to reprogram the
Syn-Tech quickly, means I can

“One radio that does it all”

“Working in an area that has about
15 frequencies, the Midland LMR
has solved our communications

operate anywhere in or out of my problems!
service territory on an instant's Ronald H. Quinter, Chief
notice” Womelsdorf Borough Police
Harold M. Knabe Womelsdorf, PA
Public Information Officer

Kansas City, MO Fire Department

dhiniano

Today, over 100 Syn-Tech models are available in all LMR
bands: mobiles, base stations and the new Syn-Tech portables.
Plus moderately-priced 8 and 16 channel synthesized mobiles
and portables, tough but economical crystal portables and
repeaters. We think a considered comparison will convince
you there’s no better value in performance, quality, reliability
and cost.

We challenge comparison. Give us a call.

=lNR

AIDLAN

LAND MOBILE RAD




The American
alternative wit
worldwide
experience

For more than 50 years EF Johnson has been one of

America’s leading companies in all areas of Radio
Communications. The same is true of Philips in Europe
and the rest of the world.

Now these two great companies have joined
forces. To give America the best of both worlds.
Experience and expertise that can take into account all
the local conditions affecting a communications system,

and offer the resources and service expected from a

L JOHNSON
PHILIPS

global organisation.
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For too many people, the two-way
radio market is one big yawn.

GE and Motorola. Motorola and GE.

But what they overlook is that for over
63 years, there’s been an alternative. A better
alternative. A radio company that offers
more reliable products backed by the most
experienced national dealer service organiza-
tion in the business. And a longer history
of radio innovation and refinement than either.

That company; as you've guessed, is
E.F Johnson.

Since 1923, we've been pacing the
industry with the latest in product developments.
Our trunking system is recognized as the
standard in the industry. And the rest of our
radios aren't far behind.

You'll find we have the largest nation-
wide network of locally owned dealers and
factory-trained technicians, providing service,
inventory and expertise right in your area.

You'll find a company that’s large enough
to handle the biggest jobs in the field, yet
flexible enough to be responsive to smaller,
customized projects.

We're not into washers, dryers, refrig-
erators or stereos. So our name isn't always on
the tip of your tongue. But when it comes
to two-way radio, we're beginning to.look less
and less like a challenger, and more and
more like the leader.

To learn more, or to arrange for
a custom demonstration of E.F. Johnson
equipment, look in the Yellow Pages
for the
dealer nearest
you, or call
1-800-247-8343.
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