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Lesson |
Advantages of Single-Sideband Communications

A comparison of the frequency and power relationships between single-
sideband transmission and conventional a-m transmission is illustrated in
figure 14-1. The SSB system is illustrated in part A of this figure.Only one
sideband, peak-envelope power (PEP) of 50 watts, is needed to transmit
intelligence. None of the power is contained in the carrier or in the
upper sidedand. Although the lower sideband is transmitted the wupper
sideband could have been transmitted just as easily. In some systems both
stdebands may be utilized independently.

In the familiar a-m system of communication (fig.14—1B); the radiated
signal includes the carrier and an upper and a lower sideband frequency
for eaeh irequency in the modulating signal., For example, if a l-mec
carrier is modulated by a I-kc tone, the radiated signal will include the
I-me carrier, the lower sideband frequency(1 mc-1kc=999%c), and the upper
sideband frequency (1mc+lk:ls=1001kc). If the modultaing sig-nal.ll contains
many frequencies, there will be, of course, many frequencies in the side-

bands. In this system of transmission, none of the trasmitted intelligence

“is contained in the carrier; therefore all of the power put into the carrier

is wasted insofar as transmitting intelligence is concerned. Likewise,
because duplicale information is contained in each of the two sidebands,
the intelligence content of the transmitted signal could bhe recovered from
one sideband only.

In a conventional a-m system where both sidebands and the carrier are
transmitted, the power in the sidebands is dependent upon the amount of
modulation. For 100% modulation the power in the sidebands is equal to

one-half that in the carrier. Thus, a conventional a-m tsansmitter with
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100~watts carrier power will have 50 watts in the sidebands (25 watts in the
upper sideband and 25 watts in the lower sideband) at 100% modulation,

making the total power transmitted 150 watts {(fig. 14-1B). It can be seen,
then, that two-thirds of the total radiated power in a conventional a-m
system (assuming 100% modulation) is in the carrier and is therefore not
useful in conveying intelligence,

When the r-f signal is demodulated in the conventional a-m svstem, the
audio output is a combination of the upper and lower sidebands. In this
conventional type of detection (known as cohereret detection) the audio
output is proportional to the power coatained in the two sidebands,

In a single-sideband system, only one sideband is transmitted and
therefore the audio output of the SSB receiver is proportonal to the power
contained in the one sideband.

It therefore becomes apparent that an SSB transmitter and an a-m trans-
mitter will perform equally (same signal-to-noise ratio) under ideal propa-
gating conditions, if the total sideband power ol the two transmitters is
equal. Considering the relationship between sideband power and carrier

power in a conventional a-m system, it is evident that an S5SB transmitier
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will perform as well as an a-m transmitter of twice the power rating
under ideal propagating cenditions. Thus, a single-sideband transmitter
rated at 50 watts will produce the same signal intelligence level at a receiver

as a conventional a-m transmitter rated at 100 watts of carrier power (see

- figure 14-1).

As propagating conditions become less than ideal, the SSB system will
show even a greater advantage over an a-m system. An a-m transmission is
subject to deterioration under poor propagation conditions because all three
components of the transmitted signal (the upper sideband, the lower
sideband, and the carrier) must be received exactly as transmitied to realize
perfect reception. Because there is only one component in the transmitted
signal for an SSB system, it is not so affected by poor propagating condi-
tions. Studies have shown that the SSB system will give from zero to nine
decibel improvement under various conditions of propagation when the total
sideband power in SSB is equal to that in amplitude modulation (fig.14-2)

Note that under average conditions, the SSB system shows about a 3 db
advantage over the a-m system. In other weords, in normal use, an SSB
transmitter rated at 100 watts (PEP) will give equal performance with an

a-m transmitter rated at 400-watts carrier power.
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As far as bandwidth is concerned (assuming one sideband only), the 55B
system requires only about one-half the frequency spectrum that the conven-
tional a-m system requires.

The advantages of SSB over the conventional a-m system may be
summarized as follows,

1. The 55B transmitter will perform as well as an a-m iransmitter of
twice the power rating under ideal propagating conditions. Under average
conditions there is also an additional 3 db advantage of a SSB system over
an a-m system having the same sideband power.

2. If only one sideband is used, the SSB sysiem requires only one-halt-
as much r-f spectrum as the a-m system.

3. The SSB transmitting system uses smaller units than comparable a-m
units hecause less power is required.

4. By virtue of less power in the antenna, lower vollages are required,
with attendant reduction of potential breakdown.

5. The SSB system is subject to less noise inierference because the
bandpass is narrower.

The advantages of 55B cannot be realized without the- use of specially
designed components and circuitry. First of all, there is the problem of
frequency stabilily, especially when the carrier is totally suppressed. This
means that the oscillators in the transmitter and in the receiver must not
drift more than a few cycles. Actually, the permissible frequency variation
for S5B systems is 1/100th of that for an a—m systcm.

- In one type of double-sideband gencration, filfers of extreme selectivity
are needed. Linear power amplifiers, which are difficult to design, are
also r;eeded.

Another problem, when SSB equipmeni is used on high-speed aircraft,

is that of Doppler shift. This is especially noticeable at the higher radiatfed

{requencies.
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Lesson 2

Miniature Receiving Antenna

The miniature receiving antenna was developed as an alternative to receiver
multicoupling and to eliminate ’r-he problem of interaction beiween large,
closely spaced antennas.

A small antenna will collect some signal on most frequencies. However,
the energy is so small that something must be done to prevent the complete
loss of signal bhecause of mismatch conditions or transmission line losses.

The losses are of{set in the Radio Frequency Control Unit of the AN/SRA-
17B by a tunable tank circuit installed in the hase of the antenna. This is an
excellent impedance malching device which provides matched conditions be-
tween the antenna and the transmission line, and redwces the losses so that
a reasonable signal reaches the receiver.

The AN/SRA-17Bprovides other advantages. The antennas can be installed
at a point well up in the superstructure and when shielded coaxial transmis -
sion lines are used, the combination of small antenna and shielding greatly
reduces elecirical noise generated on the ship. Also, hecause of the small
dimensions, the degree nf mutual coupling between two minjaturc antennas is
mitch less than the coupling hetween larger antennas with the same spacing
between antennas. The disadvantage is that cach receiver requires a separate
antenna.

As shown in figure 8-27 the miniature receiving antenna is a small antenna
that is supported by an insulator. A lead from the antenna is brought down
through the insulater to the radio frequency control unit that is locatep
directly under the insulator. Signals from the tuner are fed through an r-f

transmission line to a receiver. The antenna control unit is mounted on top
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of the receiver so that the operator can tune and change bands in the radio
frequency control unit without leaving the operating position.

This miniature recciving antenna system js designed to cover the frequency
range from 14 kc to 600 ke in four bhands.

Radar antennas operate on the same basic principles as other antennas. At
radar frequencies the radiation properties of electr;:)mlagnetic waves approach
those of light waves. Thercfore they can bhe directed by reflecting surfaces
placed in their path.

The bedspring ar;tenna consisis of a stacked dipole array ivith an un-
tuned reflector. It is so called because of its resemblance to a beldspringl. The
more dipoles that are used or stacked in one dimension (hori'zontal, forl ex-
ample), the more narrow the beam of radiated energy bllecomes in that same
plane. | |

The lincar parabolic type of antenna consists of a siacked diﬁoie array in
onearea, backed by a linear parabolic reflector. The width of the heam is de~
termined by the number of stacked dipoles with the linear pa#‘_abolic reflector
concentrating or fotltusing the beam in the other dirccti_n-n-' One of the Il)lrin—
cipal uses of linear parabolic type antennas is in fire cont;‘ol I'ad.a]j.

The parabeloidal antenna consists of a dipole or feed horn rad;ilator and
a paraboloidal or dish type reflector. This type of reflector is also used in
fire control radars. The ant-ermas employed usually consist of movahle reflec-
tors epuipped with devices for feeding encrgy into ithem. As mentioned pre-
viously microwaves have characteristics that are similar in many respects to
those of visible Iigl-lt. If a light source is placed at the focal point of a par-
abolic (dish shaped) mirror, a concentrated heam is produced, and the width
of the heam depends on the diameter of the mirror. Similarly, if a metal
reflector of the same general shapc is used instead of the mirror, and if a
soutce of microwave radiation is placed at the focal point, the metal refiec-

tor sends out a beam of electromagnetic waves. The width of the microwave
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heam also depends on the diameter of the reflector, for a given wavelength

the wider the reflectar, the narrower is the projected beam.
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Lesson 3

Narrow Band Filters

The narrow band filters used after the first balanced modulator in trans—
mitters employing the filter method of SSB generation and after the mixers
in their associated receivers must have very high Q's and sharp cutoff cha-

racteristics. Mechanical or crystal lattice filters may be used. Crystal lattice

filters have Q’s of 10,000 to 20,000 or even higher. Mechanical filters have

Qs of 2000 to 10,000 or more, Compact lattice filter units have been designed
to operate up to 40 mc. However, at lower frequencies (for example, 200
ke to 250 ke) mechanical filters have proven to be compact and durable.

Several types of mechanical(electromechanical) filters have been designed
for use with S5B equipment, Fundamentally, they all operate on the same
principle. Metal rods or disks are mounted in a container in such a way as
to form a group of mechanical resonating elements. Energy is put into the
system by means of a magnetosirictive transducer, and energy is taken out
the same way. - Only a relatively narrow band of frequencies can cause the
resonating elements to respond. Therefore, only these frequencies can produce
a signal in the output transducer,

One type of disk mechanical filter (actually,an electromechanical filter)
is illustrgted in a simplified form in figure 5—6. The signal is fed into the
input coil, which causes the first disk to vibrate because of magnetostrictive
action of the coil and the driving wire.(The wire is a magnetic material.)
The vibrations are coupled to the remaining disks by means of the coupling
wires. The vibrations of the last disk cause the output driving wire to vib-
rate, and by the inverse magnetostrictive effect an output signal is developed

in the output coil.



The disk resonators are precisely ground to resonaic at frequencies very
close to the center frequency of the pass band. The width of the pass
band depends on ihe coupling clements, the center frequency depends on the
size of the resonator clements, and the selectivily depcnds on the number of
resonant clemcents.

‘A simplified diagram of another type of mechanical filter is illustrated
in figure 5-7. This filter has seven resonant scclions, and two quarter-wave
end sections for support. 'he center resonator is encircled by a “snubber”
bracket, (not shown) which prevents excessive excursions under shock. The
hermetically sealed housing into which the filter is mounied contains a dry
inert gas . This filter vibrates with a twisting motion{torsional vibratlion);
the twisiing motion is passed {rom one element to another through the coup-
ling sections.

As in the case of lheldisk—typc filter the center frequency depends on
the resonant fl'eqﬁency of the tuned elements, the selcclivity depends upon thle
number of tuning elements, and the width of the pass band depends on the
Idesign of the coupling elements,

The transducers at ithe input ‘and oulput arc specially processed ferrite
rods. The resonator rods-are made of a specially prepared nickel alloy heat-
ireated to maintain an cssentially constant frequency, even during wide tem~-

-

perature changes,
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Lesson 4
New Products and Developments

I. !

A hand-heid, wide-angle optical transceiver that provides clear, secure
communications up to three miles has been doveloped. It resembles a bince-
ular, weighs only four pounds including the rechargeahle hattery, and can bhe
reliably operated after minules of instruction.It was designed as a low cost
walkie-talkie in line-of-site communications applications,such as ship-to-
ship, ship-to-shore, belicopter-to—ground, and land-based operations. Other
optical communicator deslgns provide secure commnunicalions over ranges up
to 15 miles.

1.

More than a million hours in space without a failure is the record to
date of the iraveling wave tubes buill for all the Syncem, Intelsat, ATS,
TACSAT, Mariner, and Luner Qrbiter satellites and the Surveyor and Apollo
spacecrall., Though the Syncom II satellite was designed for a six-month
experiment, its TWT is still operable after eight years. The TWT for Can-
ada"s Anik | domestic synchronous communicalions satellite is expecied to
operate for more lhan 12 years.

I.

A new digital system kanown as T2 is being devéloped to serve as a high-
capacity communications link betwecen cities. Designed to provide service eco-
nomically aver distance up to about 500 miles, it can carry more than 4,400
simultaneous telephone conversations over two 50-pair cables. The system
transmits over cables containing twisted pairs of wires and provides capacity

for 96 voice channels or one PICTURKEPHONE signal for each wire-pair.
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In addition to voice telephone traffic the T2 system will transmit data, fac~
simile and picturephone service,carrying information in digital form at a rate

of 6.3 million bits per second. The T2 system is expected to be placed in

"commercial service in 1972.

.

A test device for complete noise analysis of microwave transmissions
has been announced.Called WAND (wave analyzer for noise and deviation),
the' tester is built for evaluation of the total performance of any microwave
transmission system in the frequency range of 9 to 10 GHz. Connected to
the final RF transmitter output of a microwave system, the unit measures
FM noise, AM rnoise, index of modulation and frequency deviation measure-
ments by means of a heterodyne receiver which translates the spectrum under
test to an intermediate frequency which is compared against a referenced,
phase-locked IF source. The tester is divided into three sections, precision
crystal frequency sources, IF phase-locked loop, and a self-contained wave
analyzer capable of manual or automatic operation. The crystal frequency
sources are utilized as the reference sources for AM and FM noise measure-
ments.

The IF phase-locked loop allows measurement of the spectral priority of
the unit under test to withkin 20 Hz of its carrier and within 0.5 dB ac-
curacy.It also functions as an FM discriminator and allows measurement of
intentioral modulation on the carrier. Also, frequency deviation and index
of modulation can be measured.

V.

By using gallinm arsenide as the basic material and by exploitilng the
Gunn effect, researchers have succeeded in making experimantal two-port
amplifiers yielding gains of up to 32 dB at frequencies between 400 megahertz

and 4 gigahertz in pulsed operation.

Once perfected, such devices should find wide use as traveling wave
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amplifiers, as input stages in high-frequency applications, and in phased-
"array antepna systems as output amplifiers. Futhermore, they could be used as
1he switching elements in a number of diiferent logic ecircuits.

In particular, constant high-gain valucs are obtained over the whole 400
MHz-to-4-GHz range withoul any appreciable falloff over that 10-to-1
range. In addition, ocutput power levels of between 100 milliwatts (below 700
MHz) and 0.1 mW at 4 GHz have been ob’talined.

The new device exploits the negative differential electron mobility that
occurs in gallium arsenide when such material is subjecled to high electric-
field strengths. This mobility causes the pericdic variations in density of
the electrons drifting through the element Lo increase in the direction of
drift. In the opposite direction, the density variations are damped. Such
variations, or space-charge waves, are kicked into excitation by the signal
which is to be amplified and which is applied at the cathode by means of a
suitable coupling clectrode. Signal conversion from its electrostatic to elec—

tromagnetic form takes place at the anode.
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