Long-Rnge Communication With

FIG, 2, LEFT: SIMGLE-SIDEBAMND RECEIVING UMIT WITH POWER SUPPLY. FIG. & DIVERSITY COMBINER

Single-Sideband Diversity Units

TRANSOCEANIC COMMUNICATION CAN BE ACCOMPLISHED DEPENDABLY
WITH SINGLE-SIDEBAND DIVERSITY EQUIPMENT — By MURRAY G. CROSBY:

NI of the hieaviest long-range communication iraffic loads

in history occurred during the time of the receni corona-

tion ceremonies in kngland. Wide use was made of single-

sideband equipment, which performed very ereditably. De-

pendable transoceanie reception of standard trafhic and photo

transmissions was achieved with Crosby triple-diversity single-

sideband systems, used by RCA Communieations and Press

Wireless. This relatively new equipmient 1s described in the
following pages.

Advantages of Single-Sideband: A primary reason for
the increased use of smgle-sideband systems is that they vield
an tmporiant saving in frequency bandwith requirements.
This 15 of great imporlance because of the rapid growth in
internalional radio communication, which is worsening the
already-severe congestion in Lhe short-wave channels.

In addition to the basie advantage of economieal frequency
utilization, single-sidehand systems permit & 9-¢b effective
power gam as compared with double-sideband AM systems.
This nuprovement factor is of considerable significance, par-
ticularly in multi-channel communication eircuits and in
international broadeast services where qualily of signal must
be preserved in order to meel basie performance requiremen!s.

Single-sideband receiving techniques have significant value
i climinatimg certain types of mterference even when em-
ployed wilth double-sxleband Iransmission systems. A single-
sideband receiver can operate in the presence of inierference
whiech may fall witlin the range of one sideband, but no!
in the range of the other. Sideband selection in such a ease
can get rid of the interference complelely. This, of course,
is a real advanlage mn view of the present severe band over-
crowding and mternational jammimg. At the present lLime,
as # receiver 1s luned lo various signals in the HF frequency
range, it 13 a very rare occurrence to lind one signal [ree from
iterference on hoth sudebands. and which could not be im-
proved by using one sideband alone. Thus, there is an
obvious advantage in the use of single-sidehand receivers in
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any conimuuication syslemn, even lhough the reeeiver mayv not
be ublized m receiving signals transmilled hy the single-
sideband method.

Single-Sideband Adaplor: In a single-sideband system, a
convenlional short-wave cominunications receiver is employed
lo select and amplify the desired radio-frequency carrier anil
its modunlation eomponents. Fig. 1 s a bloek diagram of the
adaptor for converting such a receiver to single-sidebani
operalion; a view of the combined receiver (1o this ease, a
Hammarlund S1’-600JX) and adaptor is given mm IFig. 2.
By means of & coaxial-cable eonnection with the TF out-
pul eircuit of the receiver the selected carrvier signal, at inter-
mediate frequeney, 1s fed lo the couverter of the adapter,
Here 1he carrier is lieterodyvred with a sceond signal ifrom a
high-lrequeney osecillator, under precise automatie frequency

FIG. 3. SINGLE-SIDEBAND RECEIVER ADAPTOR. NOTE CRYSTAL FILTERS
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FIG5. 1 AND 7. FUNCTIONAL DIAGRAMS OF THE ADAPTOR AND COMBINER UNITS

control, to produce a new ntermediate frequency of 100 ke,

The 100-ke. IF signal, wilh modulation components, 1s
amplified and applied to upper and lower sideband filters
having pass-bands ifrom 100 ke. lo 106 ke. and from 94 ke, to
100 ke., respectively. These filters can be seen in Iig. &
which is a rear view of lhe adaptor. Responses of Lhe fillers
are shown in Fig 4. The 100-ke. signal is applied also to a
sharply-tuned crystal filter with a passband of 20 cycles, whieli
removes the sidebands as shown in Fig. 5. This is fed fo a
two-stage carrier amphfier, in which the carrier amplhitnde 13
adjusted to an optimum level, as required 1n compensating for
carrier reduction al the single-sideband transmitier. From
this poinl, the amplified carrier is applied lo a tliree-stage
limiter, a pair of (diodes which supply AVC and carrier meter
voltages, and a keving amplifier whieh forms a parl of a
carrler-off alarm eircuit.

From the tlirce-slage limiler the ecarrier, reconditioned
and exalted by the filter. carrier amplifier. and lLiniter, 1s
applied to one side of a Reconditioned Carrier-T.ocal Carrier
sclector swilch idenlified as the LOC-RC swilch mn Fig. 1. A
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loealiy-generated 100-ke., earrier ltom a crystal oscillator 1s
applied to the opposite side of the LC-RC switell. Thus, a
choice of recondilioned exalled earrier or local carrier for
stngle stdeband reception 13 available.  From the LC-RC
swilch, tlie selected carrier is fed to an AM-I’DI phasing nel-
work. This 18 used in eslublishing the proper phase reiation-
sliipp between the sidebands and the select] cacrier i win-
phitude-inodulated double-sideband signal reeeption and in
phase-modulated double-sideband signal reception.

T'he reconditioned or local carrier and the sideband signuls
from Lhe two sileband fillers are applied through a receplion
seleclor switeh to individual deteciors for channels A and B.
Here, exalled-carrier detection is provided by a triple-triode
product-lype detector; this wnigue ecirenit elhuinates har-
monic and cross-modulation dislortion caused by seleetive
fuding of lhe carrier componeunl. ‘The audio signals i each
channel are then applied, through low-pass filters, lo separate
audio amplifiers associated wilh the two clannels.

The reception seleclor swileh provides for operation with
virtually any method of receplion. When the sideband filters
are swilehed inlo the cireull, single-sidebaud exalted-carrier
reeeplion is provided. Dither the upper or lower sidebaid of
a conventional double-sideband ADM  lransmission can be
selected lodividoally, and the signals applied to separate
deteclors and audio amplifiers, or bolh sidebands of a twin-
channel multiplex transmission can be received concurrently,
with Lhe individual signals being appled to the respective
delectors and audio amphiicrs. When the signals are selected
direclly from the 100-ke. 1) amplifier and the AM section
ol lhe phasing network, exalted-carrier double-sideband AM
reception is obtained. When 1he PM section of the phasing
network 15 used, exalted-carrier reception of phise modulated
donble-sideband signuls 1s provided. When a connection is
iade <ireclly to the diode output of the commnrunication
receiver, conventional double-sideband ANl reception as pro-
vided by the basic receiver Is possible.

100-ke. carrier voltage from the first stage of the tliree-
stage limiter is applied to an amplifier driving a erystal dis-
criminator, which produces an oulpnt volinge proportional 1o
small frequency deviaiions from the mean frequency oi 100
ke. This voltage is rectified by the AFC diodes. The DG
crror voltage obtained is impressed on the grid circuit of a
reaclunce-tube driver, which contains a storage capacitor for
Intfinite Time Constanl {(I'TC) operation., In the event Ihat
the I carrier falls below a predetermined level in the I'T'C
circuit, the AFC diodes are disabled. When the carrier re-
appears, normal AFC action 1s reslored. This protects the
reactance tube and oscillator from spurious control by un-

Continued on page 39
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DIVERSITY UNITS
(Continved from page 30)

desired signals or noise during intervals
when the desired radio carrier drops be-
low a designated Ihreshold strength. A.
Lhe same tine, while the AFC voltage is
reinaved, the residnal eharge on the stor-
age capacitor of Lhe

stanl potentia]l over periods of several
mmules, thus holding or freezing the
lugh-irequency ocsillator at a lrequeney
in close prexmnily to its last-corrected
lrequeney.  In normal operation, wlhen

carrier i1s present, the AFC ¢ireuit s rela-
tively imniune to high noise peaks or in-
lerference [rom jJamming signals hecause
of the protection afTorded by the erysial
lilter, imiter, and erystal discriminator.

The 100-ke. signal voliage, afler pass-

ing through the erystal earcier filter and
the carrier amplificr, 18 rectified by an
AVC diode. Normally. it 18 then applied
lo The AVC circuit of the cotmmuniention

recviver to provide proteclion against in- |

terference which might otherwise gain
conlrol of the AVC svstem., When used

in a diversity sysleni, the AVC voltage is

applied o the diversity combiner. de-
scribed helow, and is afterwurd fed baek
to the communteation receiver. A switeh
permits the AVC syslem to be controlled
eithier from the filtered and reetified
carrier atone, as above indicaled, or from

lie total rectilied signal und sidebands,

reactance-tithe
driver remams at a snhstantially con-

wliueh 1s advantageous Tor luning pur-
poses.  The carrier nieter furnishes visual
mdications of signal level aund proper
luning.

Diversity Combiner: The operating
principle of the diversity  eouihiner,
shown m Fig. 6, is lhat of a diode gate
conlrolled by the rectified signal so Lhat
the gate seleets aulomatieally the audio
outpul from the receiver having the
strougest rectified carrier or lotal signal.

The audio signal from each channel of
each receiver, Fig. 7, is fed through its
individual diode gate lo a common load
reststor, tmeorporated in a push-butlon

lormerly FIU-TV Ravio CodMyuNICATION

switching wnit. DO voltage from the
AVC cireutt of each veeeiver is fed to the
respective audio diode gates of euch
channel through solating resistors, s
shown in the diagram, and direetlv to an
AVC diode gute. The diode gates act as
controlled resislances, each of whieh has
1 low value when the bias from the recli-
fied signal 1s high, and a high value when
lhe hias 1s low. The audio voliage fed
through the controlled vesislance to the
cominon  ltoad resistance, therelore, s
selected primartly trom the receiver with
the stronpgest reciified carrier or tolal
cartier al any given moment.

Continued on page 40
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The selecled audio voltage in each
andio channel is applied to one of the
| awlio awmplifiers in the combiner, and the
| DO voltage from the strongest signal 1s
fedd  hack lo the individnal recelvers
throngh selected time-constant networks
to appiv connnon AVC, Threel addition
ol the uudio outputs of eaell receiver can
be obtained in lieu of diode-gate selection
when Lhe plopE-AUDIO switeh is in the
- aUDIO posilion.
The AVC voltages in the receiver
Cchaunels are apphied Lo vaenum-tube
voltmeters, shown in Fig, 7 as M1, M2.
Cawd M3, to provide indications ol signal
‘ strengths,  VIVM A4 s furnished to
indicate iogartthmically the combined
signal strenglh.  Audio signal level in
any channel ean be measured by means
af VU meler ncorporated in the com-
hiner but not shown in the diagram.

Conclusion: By means of the push-
button swilehing nnit, which contains

FIG. 8. COMPLETE TRIPLE-DIVERSITY SYSTEM

the comtuon-load resistors and dummy-
load resistors, any receiver channel can
he conneeted individually to its dummy
| ioad to feed any of the three audio line
- amphfiers; alternatively, signals from any
combination of two or three receivers
connected in a diversity arrangement on

Concluded on page 43
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DIVERSITY UNITS
(Continued from page 40)

a common load can be fed to any one of
the audio nmplifiers. This provides full
Hexibihty of interconnection between the
various receiver channels and the three
audio amplifiers, so lhat they can be set
np in any conceivible arrangement of
triple-diversity, dual-diversity, or single-
receiver systems with a choice of erther
sideband from any receiver or combina-
tion of receivers. Such flexibility ensures
dependable operation under virtually any
comhinalion of operaling requiremenl!s

FI5. 9. POWER SUPPLIES FOR THREE ADAPTORS

and atmospheric conditions, IFig. 8
shows a complele Lriple-diversity equip-
ment rack: the diversily combiner oceu-
ples the lop space; under it are three
aroups of adaptors and receivers; finally,
al the hotlomn, a power supply panel
[urmishes power for the adaptors. A rear
view of this panel 18 given in Fig. 9.
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