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Foreword

1. Purpose. This manual describes the types, general arrangements,
interconnections, and utilization of equipments used in the United States
Air Force Global Communications System (Globecom). It also describes
the capabilities and limitations of the facilities and various types of cir-
cuits which compose Globecom.

2. Applicability. This manual is informative in nature and is pub-
lished for the information of Air Force personnel who require a knowledge
of the system concept, the circuitry, and the equipment components of
Globecom.

3. Scope. Since this manual is primarily concerned with the engineer-
ing aspects of Globecom, operational and maintenance procedures are not
described since such procedures are outside the scope of the primary con-
cern.

4. Arrangements of Text: ,

a. The format of this manual conforms with AFR 5-22, “Publica-
tions: Air Force Manuals.” The variety of material pertinent to the ob-
jective of the manual is presented in a manner and sequence that is con-
sidered to be the most logical and comprehensible.

b. This manual is intended to be an exposition of the concept of
the current function and circuitry of Globecom; it is not intended to be a
textbook or a2 maintenance manual. The theory of operation of equipment
is presented only to the extent necessary to more clearly present the fune-
tions of the equipment in the system. Detailed and comprehensive de-
seriptions of circuit components, as well as of theories of operation and
operating and maintenance procedures, are contained in current Technical
Orders and commercial manuals.

c. In order to present most clearly the concept of a Globecom sta-
tion, a typical beltline station and Communication Plan were developed,
and the manual has been divided into seven parts to describe the com-
ponents of the station. Although the antenna, power and intersite facili-
ties are common to the three sites that compose the station, each facility
is discussed in its respective part of the manual in the same manner in
which the three sites are discussed. Consequently, the manual is divided
into major parts as follows:

(1) Part One, “The USAF Global Communications System.”
(2) Part Two, “Antenna Facilities.”

(3) Part Three, “Receiver Site.”

(4) Part Four, “Transmitter Site.”

(5) Part Five, “Communications Relay Center.”

(6) Part Six, “Power Facilities.”

(7) Part Seven, “Intersite Facilities.”

d. The typical station developed to serve as the medium for pre-
senting the Globecom engineering concept is not identified with any one
Globecom station, but is, rather, a composite of Globecom stations; and the
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circuits selected for this typical station are representative of those that
may be encountered in any Globecom station.

5. Authority. This manual is published under authority delegated to the
Commander, Airways and Air Communications Service, in AFR 20-51 and
AFR 55-15. ' :

6. Changes. Changes.to this manual will be accomplished in accordance
with AFR 5-22.

BY ORDER OF THE COMMANDER :

OFFICIAL: HAROLD L. HUGHES
Colonel, USAF
Chief of Staff
G. G. WATERS

Major, USAF
 Asst Adjutant
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PART ONE
THE USAF GLOBAL COMMUNICATIONS SYSTEM

Chapter |

INTRODUCTION

1-1. General

a. The USAF Globecom Communications
System, hereafter referred to as Globecom,
is the world-wide, long-range, teletypewriter
and facsimile point-to-point and air-ground
voice communication system designed for
control of air operations on a global scale.
It is officially known as the USAF Strategic
Communications System.

b. Globecom comprises a system of inter-
connected Air Force radio stations together
with leased or allocated long-distance wire
and radio channels (see fig. 1-1). It does
not include local tactical and special-purpose
communications circuits except as directed
by Headquarters, USAF. Globecom facili-
ties are available for use by all echelons of
the USAF, and long-distance circuits may be
permanently or temporarily allocated to any
approved user.

¢. The typical station developed for this
manual is a Globecom beltline station. The
Communication Plan for the station is shown
in figure 1-2. The typical station is Alfa, and
the adjacent beltline stations are Delta and
Juliet. Bravo, Coca, Golf, Hotel, Kilo, and
Lima are tributary stations associated with
Alfa. Echo, Foxtrot, and India are connected
to Alfa through landlines which are backed
up by radio circuits. Facsimile and radio
teletypewriter weather broadcast, a CW
weather intercept, and ten air-ground voice
channels also are assigned to station Alfa.

Base Operations, Base Weather, and the
Base Message Center are connected to the
station by landline to receive messages ad-
dressed to the station.

I-2. Systems Characteristics

It is essential in the study of Globecom
that the reader have a clear understanding
of the prime concepts and policies that gov-
erned the engineering of the USAF Global
Communications System.

a. Communication System. A communica-
tion system may be defined as a collection
of individual circuits, of compatible electri-
cal characteristics'and appropriate switching
facilities, which are capable of fast and reli-
able interconnection and interoperation with
circuits of similar type, with adequate pro-
vision to overcome normal degradation of
the signals in the interconnected links.

b. Concept of Facilities. There are ele-
ments of the USAF located at many places
in the world, and it is logical that there must
be a system of electrical communications
facilities for support and control of these
far-flung air units. This system has become
know as Globecom. At any time, some area
of the world may become embroiled in an
emergency which would seriously affect our
national security, This consideration alone,
and there are many others, makes it neces-
sary that any one of these elements have
the capability of rapid and direct communi-

‘.
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-:ations with any other element in the system,
‘regardless of location.

: (1) In order that any one element may
have the capability of communicating with
any other element, all components of the
system, such as terminal equipment, switch-
boards, keyers, transmitters, and receivers
must be designed functionally in a similar
fashion.” For instance, one terminal of a
teletypewriter circuit based on a 6-unit code
prineiple cannot operate with a distant tele-
typewriter facility based on a 5-unit start-
stop code principle. : . ;

2

- (2) Probably the best example of a
communication system in the United States
is the telephone system operated by A. T. &
T. Consider for a moment the speed and
ease with which a telephone subscriber in
Philadelphia can talk with a. subsecriber in
Los Angeles. Between these two points is
a variety of circuit media: open wire, cable,
or radio, plus a maze of switching, testing,
carrier, and repeater facilities, all of which
have to be electrically compatible and have
to fit into a “system” so that any subseriber
can communicate with any other subscriber:

O
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If an east coast system had been conceived
and designed independently of a west coast
system, then interoperation between the two
would not be possible, and there would not
be a nationwide telephone communication
system.

c. Concept of Flexibility. Not only must
the Globecom system have complete flexibil-
ity within itself, but it must also be fully
capable of interoperation with point-to-
point communications systems of the Army
and Navy. It would be sheer folly to permit
the growth of three separate systems incap-
able of interconnection and interoperation

with each other, particularly in these times
of joint military operations. Consequently,
Globecom was developed within the frame-
work of “Military Communication System
Technical Standards” adopted by the Depart-
ment of Defense. These standards are in-
tended to insure the provision of equipment
components to the several services, with com-
patibility of equipment to the extent, at
least, of generating and receiving signals of
like electrical characteristics even though
tactical needs (such as size, weight, or serv-
ice condition) may require special physical
characteristics for the individual service.
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Chapter 2

FACILITIES AND CHANNELS

Section I. INTRODUCTION

I-3. General

a. Circuitry. There are numerous types
of communications circuitry in existence,
some of which are telephone, teletypewriter,
facsimile, and television. The major types of
circuitry used in the Globecom system are
as follows:

(1) Point-to-point teletypewriter.

(2) Point-to-point facsimile.

(3) Radio telephone between aircraft
and ground stations.

(4) Manual CW nets.

(5) Teletypewriter weather broadcast.

(6) Facsimile weather broadecast.

b. Circuit Missions. Each type of circuitry
has a specific mission which governs the ex-
tent of its capabilities. For instance, the
facsimile (weather map) circuitry has been
designed for scheduled map transmission; if
at some future time voice line-up procedures
should be employed, certain technical modifi-
cations of the facsimile circuits would be
necessary. Likewise, communications cireui-
try between aircraft and ground stations
has been designed for voice operation; if
teletypewriter communications should be re-
quired in the future, additional equipment in
the ground facilities, as well ag in the air-
craft, would be necessary.

I-4. Channelization

a. Allocated Channels. A teletypewriter
circuit may contain from one to sixteen chan-
nels. Some users of Globecom teletypewriter
facilities have sufficient volume of traffic to
justify full-time use of one or more chan-
nels. For these users, channels may be allo-

4

cated full-time by Headquarters, USAF, and
the channels may be permanently patched
through one or more stations, with the users
providing and operating the end instru-
ments. These channels are referred to as
“allocated channels” (private line subscriber
service). All  point-to-point facsimile
(weather maps) circuits may be considered
permanently allocated to the Air Weather
Service, since they are normally terminated
in an appropriate weather center where the
facsimile sending machines and recorders
are located. ‘

b. On-call Channels. A variation of allo-
cated channel service is the on-call (part-
time allocation) service wherein the user is
authorized to demand certain channels for
his exclusive use for an indefinite period of
time. This type of service is available only
to authorized agencies having vital national
defense missions.

c. Common User Channels. A major mis-
sion of Globecom is to furnish teletypewriter
message relay service between elements of
the USAF. This type of service meets the
needs of users whose message traffic volume

is insufficient to justify allocation of chan-

nels. In this type of service, messages are
prepared according to established procedures
and are relayed through the Globecom sys-
tem from originator to addressee.

I-5. Station Facilities

A Globecom station is noermally comprised
of three separate facilities: the Transmitter
Site, the Receiver Site, and the Relay Center.

a. Transmitter and Receiver Sites. The
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Transmitter and Receiver Sites are usually
established at separate locations off base and
at varying distances, but with a minimum of
eight miles separation between sites. The
separation of sites is necessary to isolate
the receiving equipment from intense elec-
trical fields developed by the transmitters.
Normally, troop mess and quarters are pro-
vided at remote sites.

b. Relay Center. The Relay Center may
be located either on or off an air base. The
most recent policy prescribes an off-base
location. When situated off-base, it may
share a site jointly with the transmitter or
receiver facilities and may or may not be
in the same building. The location of the
Communication Relay Center with respect to
the base determines whether troop housing
will be constructed at the site. The Message
Center should not be confused with the Re-
lay Center. The Relay Center is the switch-
ing facility for Globecom circuits and does
not normally house the base Message Center,
although it may do so in specific instances.
The Base Message Center normally is lo-
cated on the base at the direction of the
base commander. Just as the name implies,
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the Relay Center is responsible only for re-
laying traffic, all of which originates at some
other point. The function of the Message
Center is to serve as a ‘‘clearing house” for
messages between the various base activities
and other points.

c. Intersite Links. The remote (off-base)
installations are tied together through the
Relay Center by Intersite facilities. Usually
microwave radio link equipment provides the
communications between the Relay Center
and Receiver Site and between the Relay
Center and Transmitter Site. This equip-
ment operates at frequencies in the vicinity
of 7000 megacycles. The equipment now
used for these links provides up to 24 voice
channels, each of which can be further chan-
nelized to accommodate a number of tele-
typewriter narrow-band channels. At some
stations, it is economically more feasible to
link the three sites with telephone cable or
v.h.f. radio link. Regardless of the method
selected, a back-up link (microwave, cable,
or v.h.f.) will be provided. Any combination
of primary and back-up links may be en-
countered.

Section Il. TYPES OF CIRCUITS

1-6. Point-to-Point Circuits

a. The network of circuits in the Globe-
com system is substantially as shown in fig-
ure 1-1. The main feature of this system is
the trunk circuitry, known as the “Belt-
line”, which encircles the world and usually
is provided with high-powered transmitters.
The Beltline consists of seven stations joined
together by multi-channel single sideband
circuits and facsimile circuits implemented
using conventional double sideband equip-
ment., The single sideband circuits provide
for the transmission of two independent
group frequencies, one of which is utilized
for six teletypewriter channels and the other
utilized for a voice channel. Facsimile cir-
cuits provide transmission and reception of
weather map information and other pictorial
presentations between Beltline stations.

b. Tributary circuits may include types

of communications similar to those described
for the Beltline circuit, and, in addition, may
provide for continuous wave (CW), single-
channel radio teletypewriter (RTTY), and
four-channel multiplex radio teletypewriter
(MUX) operation. The CW, RTTY, and
MUX circuits are all implemented with
double sideband equipments.

1-7. Air-Ground Circuits

a. The air-ground voice circuits of the
system are, in a sense, extensions of the
point-to-point teletypewriter network. Not
only does the air-ground station carry out
its regular air traffic mission of handling po-
sition reports and other enroute data, but i
relays messages between the aircraft and
the point-to-point network as well.

b. An air-ground station is located at each
Globecom station. The station operates or
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groups of from four to fourteen frequencies,
depending upon the location of the station.
The present policy is to provide voice opera-
tion only, but certain voice air-ground sta-
tions that were developed in early stages of
the Globecom program have provisions for
manual CW operation. Also, certain air-
ground stations use CW operation to satisfy
ICAO and Weather Reconnaissance responsi-
bilities. :

1-8. Wea_"}her Broadcast Circuits

Certain stations throughout the system are
equipped with facilities for receiving the
blind transmission of weather information.
These stations are selected to provide ade-
quate signal reception by interested Air
Force installations throughout the world.
Both single-channel radio teletypewriter and
radio facsimile intelligence are transmitted

I June 1956

by conventional double sideband equipments.

I1-9. Frequencies

Globecom circuits are operated in three
different frequency bands: low frequency
(LF), from 30 to 300 kilocycles; high fre-
quency (HF), from 8 to 80 megacycles; and
very high frequency (VHF), from 380 to 800
megacycles. By far the greater majority of
circuits, including air-ground and weather
broadcast, utilize the HF band. The LF
and VHF bands, when employed, are used
principally for tributary circuits in the far
northern areas of the world. The LF and
VHF band frequencies are utilized for cer-
tain circuits since they are not as susceptible
as are high frequencies to the undesirable
atmospheric effects encountered in northern
areas which degrade the HF circuits for long
periods of time.
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Chapter 3

ENGINEERING FEATURES

[-10. Circuit Characteristics

a. Propagation Characteristics. Radio fre-
quency propagation characteristics were cal-
culated for each circuit path to determine
the proper operating frequencies, critical
angles of wave arrival and degree of absorp-

‘tion. These factors dictated design of the

antennas. All circuits are designed for opti-
mum operation throughout each 24-hour
period during the entire eleven-year sunspot
cycle.

b. Rhombic Antennas. A single rhombic
antenna is not efficient over the entire band
of radio frequencies required for day and
night operation. Consequently, two separate
transmitting antennas, properly designed,
are provided for each circuit, one for the
lower frequencies and one for the higher fre-
quencies of the HF band. Rhombic antennas
are used for space diversity reception which
requires two low-band and two high-band re-
ceiving antennas for each HF circuit.

I-11. Frequency Change-Over

In the course of an operating day, it is
usually necessary to change frequency at
least once in order to meet the requirements
imposed by varying propagation conditions.
Since there is no certainty, except by actual
test, that a particular frequency is suitable
at a particular time, much circuit outage can
occur during change-over perious. To reduce
such outage, facilities have been provided on
point-to-point HF circuits to test the suit-
ability of the new frequency before diverting
traffic from a working circuit.

I-12. Frequency Control
It is mandatory that transmitters and re-

ceivers be kept on the assigned operating fre-
quency (within certain tolerances) if de-
structive adjacent-channel interference is to
be avoided. This is accomplished by crystal
frequency control of both the transmitting
and receiving ends of all circuits. Further-
more, in time of war, deliberate attempts
are made by the enemy to interrupt commun-
ications by creating destructive interference.
Since any system depending upon a fixed
group of frequency assignments would fail
under such interference, other means of fre-
quency control are provided which have the
same stability as those which are crystal con-
trolled but which provide complete flexibility
for changing frequencies rapidly.

I-13. Technical Control Facilities

a. To insure the proper operation of the
point-to-point communications system, means
have been provided for rapid coordination
between the terminals of all circuits. This
coordination must go beyond the mere abil-
ity to talk from one terminal to the other.
Precise measurements of circuit variables
must be made as the need arises, and facili-
ties for taking these measurements are pro-
vided.

b. A means to rapidly perform all patch-
ing, switching and equipment transfer opera-
tions is provided to insure efficient circuit
performance and a minimum of circuit in-
terruption. Provision is made within the
station circuit arrangements for the isolation
of any major equipment for servicing or re-
assignment to other than its normal circuit
function. The capability is also provided to
monitor the condition of equipment and cir-
cuits both at the equipment itself and at some

7
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centrally located point in each of the three
sites.

1-14. On-Line Encryption

In the engineering of Globecom, provision
is made for automatie encryption of all tele-
typewriter traffic between any two points in
the system. Provision is also made to by-pass
the crypto apparatus if clear text operation
should be prescribed for any reason. The
number of channels, circuit priority, key
distribution, and other security factors es-
tablishing the manner in which on-line en-
cryption is to be introduced to the system
will be directed by Headquarters, USAF.

{-15. Power
The communications equipment used in the

{ June 1956

Globecom system includes many components
which are voltage and frequency sensitive
to the extent that stable sources of power
must be provided. Base power, when suffi-
ciently reliable and stable, is used as the
primary source for on-base facilities. Base
power sources are seldom used to supply the
remote sites because of the vulnerability and
cost of electrical transmission lines. Com-
mercial power, when suitable and available,
may be used as a primary source at the re-
mote sites. In Globecom, power generating
equipment is provided at each of the three
sites. If base or commercial power is pro-
vided, Globecom power generating equipment
is supplied for emergency use only. If base
or commercial power is not available, pri-
mary and back-up power generating plants
are furnished for each site.

)
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Chapter 4

TYPICAL CIRCUITS

I-16. General

In order to understand the Globecom sys-
tem, it is necessary to know the type of cir-
cuits in general use. The circuits discussed
in the following paragraphs are the types
encountered at Globecom stations.

I-17. Radio Telegraph

a. Manual Radio Telegraph (CW) Trans-
mitting Circuil.

(1) A typical manual radio telegraph
transmitting ecircuit is shown in figure 1-3.
Operation of the manual key opens and closes
a direct-current (DC) circuit, sending DC
pulses to the narrow-band voice frequency
telegraph (VFTG) tone keyer. This tone
keyer converts the DC pulses to frequency-
shift (F'S) audio signals which are sent to
the CMT—4 Time Division Multiplex Equip-
ment. One voice band channel of the CMT—4
equipment will pass the output frequencies
of one group of twelve narrow-band VFTG
tone keyers. The CMT-4 transmitting term-
inal samples each channel with narrow
pulses, and the amplitude of these pulses is
caused to vary with the amplitude of the in-
put signal. All twenty-four voice band chan-
nel outputs of the CMT—4 are combined to
form one common pulse amplitude modulated
(PAM) signal. This PAM signal is coupled
to the CLR-6 Microwave Radio Link Equip-
ment by coaxial cable and is used to fre-
quency modulate the CLR-6. A waveguide
connects the frequency-modulated radio fre-
quency output of the CLR-6 to a parabolic
antenna where it is focused into a narrow
beam and directed to the Transmitter Site.

(2) At the Transmitter Site, the incom-
ing signal is intercepted and coupled to the

CLR-6 through waveguide. The CLR-6 de-
modulates and amplifies the signal and cou-
ples the resultant PAM signal to the CMT-
4 by coaxial cable. Separation of the pulses
into the original twenty-four separate voice
band channels is accomplished in the CMT-
4 receiving terminal. Within each voice band
channel the pulses are detected, and the am-
plitude variation is coupled to the channel
output. The output of the one channel con-
taining the twelve frequency-shift audio
tones is connected to the input of the VFTG
tone converter group. The individual VFTG
tone converters accept only those tones that
are associated with it and convert them to
DC pulses. The one tone converter associated
with the CW signal uses the DC pulses to
key the transmitter on and off.

b. Manual Radio Telegraph (CW) Re-
ceiving Circuit.

(1) A typical manual radio telegraph
(CW) receiving circuit is shown in figure
1-4. The incoming CW signal is intercepted
by the antenna and coupled through an RF
jack panel to the AN/FRC-502 receiver.
The high frequency oscillator (HFO) of this
receiver is crystal controlled, but the beat
frequency oscillator (BFO) is remotely con-
trolled. The output of the receiver is an on-
off audio tone. This on-off audio tone is
coupled into one voice band channel of the
CMT-4 transmitting terminal. The PAM
output of the CMT—4 is used to frequency
modulate the CLR-6 microwave equipment
The RF output of the CLR-6 is beamed tc
the Communications Relay Center.

(2) At the Communications Relay
Center, the incoming RF signal is amplifiec
and demodulated by the CLR-6, and the

L



AACSM 100-6

1/4' . OPERATOR

POSITION

LEGEND:
O NORMAL THRU JACKS AT RF PATCH PANEL

] NORMAL THRU JACKS AT AF & DC PATCH PANEL
O NORMAL THRU JACKS AT VIDEO PATCH PANEL

® CROSS TIE AT C.R.C. MAIN FRAME

| June 1955

£
RF TO
— XMTR
i iy it SITE
CMT-4
MULTIFLEX
VOICE BanD B
CHANNEL
—P> 70

DISTANT
STATION

Figure 1-3. Typical Manual Radio Telegraph (CW) Transmitting Circuit.

resultant PAM signal is coupled to the CMT-
4 receiving terminal. The demodulated audio
on-off signal output of the CW channel of
the CMT—4 is passed to the operator’s posi-
tion where it is amplified in an audio ampli-
fier and coupled to the headphone circuit.
(3) Remote tuning of the BFO is ac-
complished by a potentiometer on the oper-
ator’s console. The potentiometer controls
the amplitude of the audio tone output of
the tone oscillator. The tone oscillator puts
out thirteen tones, twelve of which are used
to control the HFO’s and BFO’s of up to six
receivers; the thirteenth tone, called “pilot
tone”, is maintained at a constant amplitude
and used as a reference tone. The thirteen
tones are combined and coupled to one CMT—
4 voice band channel. The CMT-4 samples
the input tones in the voice band channel,
combines the channel with the other channel,
and applies the combination as a pulse am-
plitude modulated signal to the CLR-6. The

10

PAM signal is used to frequencv modulate
the klystron oscillator of the CLR-6, and
the RF output of the CLR-6 is beamed back
to the Receiver Site.

c. Manual Radio Telegraph (CW) Inter-
cept Receiving Circuit:

(1) A typical manual CW receiving
circuit for weather intercept is shown in
figure 1-5. Because the receiver frequently
must be manually tuned, the operator’s posi-
tion is located at the Receiver Site instead
of at the Communications Relay Center. The
incoming signal is received, amplified and
detected, and the receiver output is coupled
directly to headphones. The operator inter-
prets the incoming code and copies it on a
teletypewriter. Any necessary retuning of
the receiver is accomplished directly by the
operator. The DC teletypewriter signal out-
put is used to key a VFTG tone keyer. This
tone keyer converts the DC pulses to fre-
quency shift audie tones. The output of this
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Figure 1—4. Typical Manual Radio Telegraph {CW) Receiving Circuit, Point-to-Point.

and eleven other VFTG tone keyers in the
same group are coupled into one CMT-4
voice band channel. All twenty-four voice
band channels of the CMT-4 are combined
into one pulse amplitude modulated signal
output which is coupled to the CLR-6 micro-
wave equipment. The PAM signal frequency
modulates the CLR-6 the RF output of
which is beamed to the Communications Re-
lay Center.

(2) At the Communications Relay
Center, the incoming frequency-modulated
signal is received, amplified and detected by
the CLR-6, and the resultant PAM signal
is coupled to the CMT—4. In the CMT-4, the
pulses are separated into their respective
channels and demodulated. One of the voice
band channel outputs contains the frequency
shift audio tones of the VFTG group. These
tones are coupled to the VFTG tone con-
verter group. Each VFTG tone converter
accepts only -those signals in its pass band

and converts them to DC pulses. The DC
pulses operate a teletypewriter which is usu-
ally located at the Base Weather Center.

1-18. Radio Teletypewriter Telegraph

The radio teletypewriter telegraph
(RTTY) system is an improvement on the
manual radio telegraph (CW) system of
radio communication.” In the RTTY system,
the conversion from character to code and
from code to character is made electro-me-
chanically. A code is used in which, unlike
International Morse code, each character is
identieal in length. The five character, start
stop code is used in Globecom. In this code
each character has a start pulse, called 2
“space”, and five identifying pulses, eithe:
“marks” or “spaces” of equal time duration
and finally a stop pulse called a “mark”
of longer time duration. In operation, de;
pressing a key on the teletypewriter key:
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board transmits the signal which represents
the character on the key. At the receiving
end, the incoming signal causes the identical
character to be automatically printed by the
receiving teletypewriter. The system of HF
radio teletypewriter telegraph transmission
most often used in Globecom is called fre-
quency-shift (FS). In this system, a mark
signal causes an upward shift in the radio
carrier frequency, usually 425 cycles per
second (eps), and a space signal causes a
downward shift in the radio carrier fre-
queney, usually 425 cps. Therefore, mark and
space signals are separated by 850 cps.

a. Radio Teletypewriter Telegraph
(RTTY) Transmitting Circuil.

(1) A typical single channel radio tele-
typewriter telegraph transmitting circuit is
shown in figure 1-6. A DC teletypewriter
signal is sent from the tape relay terminal
aquipment through the TT-160/FG cryp-
sographic equipment (except when encryp-
:don is not desired) to the VFTG tone keyer

12

group. One narrow-band tone keyer con-
verts. these DC pulses into frequency-shift
audio tones. These tones are combined with
the output tones of the other eleven tone
keyers in the same group and connected to
one voice band channel of the CMT—4 multi-
plex equipment. The output of this channel
is added to the output of the other twenty-
three voice band channels and coupled to the
CLR-6 microwave link in the form of a
pulse amplitude modulated signal. This sig-
nal frequency modulates the CLR-6 the out-
put of which is beamed to the Transmitter
Site.

(2) At the Transmitter Site, the incom-
ing frequency-modulated signal is received,
amplified, and demodulated by the CLR-86.
The PAM output of the CLR-6 is coupled to
the CMT-4 where the pulses are separated
into their respective channels and demodu-
lated. One voice band channel output of the
CMT—4 containing the frequency-shift audio

tones is coupled to the VFTG tone converter
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Figure 1-6. Typical Radio Teletypewriter Telegraph (RTTY] Transmitting Circuit.

group. Each VFTG tone converter accepts
only those signals that are in its pass band
and rejects all others. The VFTG tone con-
verters change the frequency-shifted audio
tones into DC pulses. These DC pulses cause
the NR-105 FSK output to vary about the
assigned frequency, above for mark and be-
low for space. An MW Transmitter multi-
plies and amplifies the NR-105 FSK r-f out-
put. The final RF signals radiated from the
antenna will be 425 cps above the assigned
carrier frequency for mark signals and 425
cps below the assigned carrier frequency for
space signals.
b. Radio Teletypewriter
(RTTY) Receiving Circuit.
(1) A typical radio teletypewriter tele-
graph receiving circuit is shown in figure 1-
7. An incoming frequency-shifted RTTY
signal is received by two separate antennas
in space diversity which are connected to two
receivers. Space diversity reception is used
to lessen the effects of rapid fading. - Such

Telegraph

fading usually does not occur simultaneous]
in two locations that are separated by abou
five wave lengths. Thus, when the antenns
are separated by at least five wave length:
one antenna will be receiving a stron
signal during a fade on the other antenn:
The two receiver outputs are coupled to th
AN/URA-8B Frequency-Shift Converte:
Comparator Group. The converter portic
of the AN/URA-8B converts the frequenc;
shifted audio outputs of the two receivel
into DC pulses. The comparator selects tk
better of the two signals and couples it to
narrow-band VFTG tone keyer as a DC tel
typewriter signal. The frequency-shift ou
put of this tone keyer is combined with t
output of up to eleven other VFTG to
keyers in the same group and applied to o1
CMT-4 voice band channel. This frequenc
shifted signal is sampled by pulses, and tl
pulses of all twenty-four CMT—4 channels a:
combined. The combined output is used
frequency modulate the CLR-6 microwa
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Figure 1-7. Typxcal Radlo Te|eiypewnfer Telegraph (RTTY) Receiving Circuit.

quipment the RF output of which is beamed
o the Communications Relay Center.

(2) At the Communications Relay
enter, the incoming signal is received by
he CLR-6, amplified, demodulated, and
assed on to the CMT-4 as a PAM signal.
n the CMT—4 the pulses are separated into
reir respective channels and demodulated.
'he voice band channel containing the RTTY
itelligence is applied in the form of fre-
nency-shifted audio signals to the inputs of
velve VFTG tone converters. The VFTG
me converters change the frequency-shifted
gnals into DC teletypewriter pulses and
;nd them through the cryptographic equip-
lent {(except where not encrypted) to the
\pe relay equipment.

-19. Multiplex Radio Teletypewriter
Telegraph |

To increase the traffic a circuit can handle,

wveral conventional teletypewriter signals

are combined into one composite signal be-
fore they are broadcasted. This process is
known as multiplexing. The equipment gen-
erally used in Globecom for multiplexing is
the AN/FGC-5 Teletypewriter Time Divi-
sion Multiplex Equipment. Four-channel
multiplex radio teletypewriter telegraph
(MUX) combines four independent teletype-
writer signals in time sequence in AN/FGC~
5 equipment. The AN/FGC-5 reduces the
standard teletypewriter signal for one char-
acter by a factor of approximately four.
Thus, four characters, one from each of four
different teletypewriter circuits, can be com-
bined into one composite signal and trans-
mitted in the time normally required to
transmit one standard character. The com-
posite or MUX signal is transmitted to the
distant receiver. At the receiver end the
MUX signal is separated into its four com-
ponent signals which are sent to the applic-
able teletypewriters. Generally, frequency-

'
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shift radio transmission is used (as in
(RTTY) with mark signals being above and
space signals below the assigned carrier fre-
quency.

a. Four-Channel Multiplex Radio Tele-
typewriter Telegraph (MUX) Transmitting
Circuit.

(1) A typical four-channel multiplex
radio teletypewriter telegraph transmitting
circuit is shown in figure 1-8. Normally,
there are four teletypewriter inputs to the
AN/FGC-5 Teletypewriter Time Division
Multiplex Equipment. These inputs usually
come from the tape relay equipment through
the TT-160/FG cryptographic equipment to
the AN/FGC-5. The AN/FGC-5 combines
the four teletypewriter inputs in time se-
quence into one common output which is
coupled to the VFTG tone keyer group. Be-
cause of the increased keying speed, a wide-
band tone keyer is necessary. The outputs of
three wide-band tone keyers can be passed

AACSM 100~

by one voice band channel of the CMT—
equipment ; consequently, three MUX circuit:
can be combined in one voice band channe
of the CMT-4. The output of this channe
is added to the output of the other twenty
three channels and coupled to the CLR-6 a
a pulse amplitude modulated signal. Thi
PAM signal frequency modulates the CLR
the output of which is beamed to the Trans
mitter Site.

(2) At the Transmitter Site, the incom
ing frequency-modulated signal is received
amplified, and demodulated by the CLR—¢
The PAM signal output of the CLR-6 i
coupled to the CMT-4 where the pulses ar
separated into their respective channels an
demodulated. The frequency-shift audio out
put of the one channel is fed to the VFT(
tone converter group. Each VFTG tone con
verter accepts only those signals for whic
it is tuned and rejects all others. These fre
quency-shifted audio signals are converte
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Figure I1-8. Typical Four-Channal Multiplex Radio Teletypewriter Telegraph {MUX) Transmitting Circuit.
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nto DC multiplexed telegraph signals by
he wide-band tone converters and coupled
0 the NR-105 FSK. The frequency-shifted
\F output of the FSK is coupled to the trans-
aitter where it is amplified and fed to the
ntenna.

b. Four-Channel Multiplex Radio Tele-
ypewriter Telegraph (MUX) Receiving Cir-
uit.

(1) A typical four-channel multiplex
adio teletypewriter telegraph receiving cir-
uit is shown in figure 1~9. The incoming
requency-shifted signal is received by two
P-600-JX Receivers which are fed by two
ntennas in space diversity. The frequency-
hifted output of the two receivers is fed
> the AN/URA-8B Frequency-Shift Con-
erter-Comparator Group. The CV-89/
RA-8B converts the frequency-shifted
udio outputs of the two receivers into DC
ulses. The CM-22/URA-8B comparator
slects the better of the two signals and cou-
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ples it to a wide-band VFTG tone keyer as
a DC teletypewriter signal. Three wide-band
VFTG tone keyers are combined and passed
on one voice band channel of the CMT-4.
All twenty-four channels of the CMT-4 are
combined into one output and coupled to the
CLR-6 as a PAM signal. This PAM sig-
nal frequency modulates the CLR-6 the RF
output of which is beamed to the Communi-
cations Relay Center.

(2) At the Communications Relay
Center, the incoming frequency-modulated
signal is amplified and demodulated by the
CLR~6 and coupled to the CMT—4 as a PAM
signal. The CMT-4 separates the pulses into
their respective channels and demodulates
them. One voice band channel output con-
taining the MUX frequency-shifted audio
tones is coupled to a wide-band VFTG tone
converter. The tone converter accepts the
frequency-shifted signals in a given band
and rejects all others. The frequency-shifted

CMT-4
MULTIFLEX
DICE BAND
CHANNEL

—
|
|

AN/FEC-5 s5M-4 ug m.é:m |
Tr § CRYFTO [T sl
MULTIFLEX EQUIPMENT i |

Figure 1-9. Typical Four-Channel Multiplex Radio Teletypewriter Telegraph (MUX) Receiving Circuit.
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signals are changed into multiplexed DC
teletypewriter telegraph signals and coupled
to the AN/FGC-5. The AN/FGC-5 separ-
ates the multiplexed signal into the original
four separate DC teletypewriter signals.
These DC signals are fed through the TT-
160/FG cryptographic equipment to the ap-
propriate typing reperforator units in the
tape relay equipment.

{-20. Facsimile

Facsimile is a process of transmitting a
picture, map, or other graphic material from
one terminal to another. At the transmitting
equipment, the picture is mounted on a cir-
cular drum, or cylinder. The picture is then
scanned by an electro-mechanical device. Pic-
ture variations along the scanning lines are
converted to light variations and finally into
electrical impulses which are used to modu-
late a transmitter. At the receiving end, the
demodulated electrical impulses are fed to a
facsimile recorder which reproduces the pic-

BN THE=1
FACSIMILE
MACHINE '

-
|
|

lBAEE WEATHERI |
CENTER
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ture using an electro-mechanical scanning
device similar to that used at the transmitt-
ing end, except that it reverses the process
and converts electrical impulses to light vari-
ations.

a. Facsimile Transmitting Circuit.

(1) A typical facsimile transmitting
circuit is shown in figure 1-10. The signal
originates at a facsimile machine such as
the AN/TXC-1. The output signal of this
equipment is an amplitude-modulated 1800
cps tone which is modulated by the picture
information. A band pass of approximately
900 to 2700 cps is required by this signal
the frequency range of which easily fits into
one voice band channel of the CMT—4 Time
Division Multiplex Equipment. The CMT-4
combines the output of one channel with the
output of twenty-three other channels and
applies the combination as a pulse amplitude
modulated signal to the CLR-6 Microwave
Radio Link Equipment. This PAM signa
frequency modulates the CLR-6 the RF out-
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Figure 1-10. Typical Facsimile {FAX] Transmitting Circuit.
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put of which is -beamed to the Transmitter
Site. * o
_ (2) At the Transmitter Site, the incom-
ing frequency modulated RF signal is ampli-
fied and demodulated by the CLR—8 whose
output is passed on to the CMT—4 as a PAM
signal. The CMT—4 separates the pulses into
their respective channels and demodulates
them. The KY-44/FX Facsimile Keyer
‘Adapter demodulates the 1800 cps facsimile
signal and applies its amplitude variations
as a varying d-c signal to the NR-105 Fre-
quency Shift Keyer. The varying d-c signal
shifts the RF output of the FSK. An MW
Transmitter multiplies and amplifies the RF
output of the FSK and couples the output
to the antenna. :
- b. Facsimile Receiving Circuit.

(1) A typical facsimile receiving circuit
is shown in figure 1-11. The incoming fre-
quency-shifted RF signal is received, ampli-

I Juns (956

fied, -and -demodulated by the SP-600-JX re-
ceiver. The CV-172/U Frequency Shift
Converter changes the frequency-shifted
-audio tone to an amplitude modulated audio-
frequency signal which- is coupled to one
voice band channel of the CMT—4. The CMT—
4 combines the output of this channel with
the output of the other twenty-three chan-
nels and applies them as a PAM signal to the
CLR-6. Frequency modulation of the CLR—
6 is accomplished by the PAM signal, and the
RF output of the CLR-6 is beamed to the
Communications Relay Center.

(2) At the Communication Relay Cen-
ter, the incoming signal is received, ampli-
fied, and demodulated by the CLR-6. The
resultant PAM signal is separated into its
respective channels by the CMT-4. The
pulses are demodulated and the amplitude-
modulated tone output of the channel carry-
ing the FAX signal is coupled to the RD—
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Figure 1-11. Typical Facsimile (FAX} Receiving Circuit.
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92/UX (or similar) Facsimile Recorder. The
facsimile recorder takes the tone output and
converts it into a picture.

I-21. Radio Telephone (H-F Air-Ground)

Radio telephone circuits, frequently called
voice circuits, are employed in Globecom for
communication between aircraft and ground
stations. A microphone converts the sound
energy of the voice into electrical signals
which are used to modulate a transmitter.
At the receiving end, the demodulated sig-
nals are fed into a speaker, and the speaker
converts the electrical signals back into
sound energy.

a. Radio Telephone Transmitting Circuit.

(1) A typical radio telephone transmit-
ting circuit is shown in figure 1-12. Provi-
sion must be made to key the transmitter re-
motely. A foot switch closes a DC keying
circuit to the VFTG tone keyer which con-

AACSM 1006

verts the DC pulses into frequency-shifted
audio tones. The frequency-shifted audio
output is combined with the output of eleven
other narrow-band tone keyers and fed into
one voice band channel of the CMT—4 Time
Division Multiplex Equipment. To provide
the voice information, the microphone output
is amplified at the operator’s position and fed
into a second voice band channel of the same
CMT-4. These two channels, plus the other
twenty-two channels, are combined into one
pulse amplitude modulated output which is
coupled to the CLR-6. The PAM signal fre-
quency modulates the CLR-6 the output of
which is beamed to the Transmitter Site.

© (2) At the Transmitter Site, the incom-
ing frequency modulated RF signal is ampli-
fied and demodulated by the CLR-6, and the
resultant PAM signal is coupled to the CMT-
4. The CMT-4 separates the pulses into their
respective channels and demodulates them.

ol 25 COMMUNICATIONS RELAY CENTER
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Figure 1-12. Typical Radio Telephone Transmitting Circuit.
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One channel output which is used to key the
fransmitter contains the frequency-shifted
audio tones which are fed into a narrow-
band VFTG tone converter group. Filter cir-
cuits in each VFTG tone converter accept
only those signals in their respective pass
bands and reject all others. The VFTG tone
converter assigned to the keying function
converts the frequency-shifted audio tone
into DC signals which are used to key the
MW Transmitter on and off. Another CMT-
4 voice band channel carrying the voice in-
formation is coupled directly to the modu-
lator of the assigned transmitter. The com-
bination of key and microphone inputs
causes an amplitude modulated RF signal
to be transmitted. An NR-105 Frequency
Shift Keyer normally provides the RF ex-
citation for the transmitter. .
b. Radio Telephone Receiving Circuit.
(1) A typical radio telephone receiving

FRONT
DISTANT
STATION
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circuit is shown in figure 1-18. An incoming
amplitude-modulated signal is intercepted by
the antenna and coupled to an SP-600-JX
Receiver. The receiver amplifies and demod-
ulates the signal, and the audio output of the
receiver is coupled to one CMT—4 voice band
channel. In the CMT—4, narrow pulses are
amplitude modulated by the audio signal.
The output pulses of one CMT-4 voice band
channel are combined with the pulses from
the other twenty-three channels and coupled
to the CLR-6 as a PAM signal. This PAM
signal frequency modulates the CLR-6 the
RF output of which is beamed to the Com-
munieations Relay Center.

(2) At the Communications Relay Cen-
ter, the incoming frequency-modulated RF
signal is amplified and detected by the CLR~
6, and the resultant PAM signal is coupled
to the CMT-4 equipment. In the CMT-4, the
pulses are separated into their respective
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Figure 1-13. Typical Radio Telephone Receiving Circuit.
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channels and demodulated. The output of
one voice band channel is coupled through
an AF amplifier in the A-G Console to a
speaker.

1-22. Single Sideband

In all forms of modulation, the intelligence
is produced in upper and lower sidebands,
each of which contains the same intelligence.
By eliminating one of the sidebands, a con-
siderable saving in frequency spectrum and
power is realized. As a further means of
saving power, it is common to reduce the
carrier power. The SSB transmitter used in
Globecom utilizes one sideband for trans-
mission of voice and another sideband for
the transmission of multichannel teletype-
writer signals.

a. Single Sideband (SSB) Transmitting
Circuit.

(1) A typical single sideband transmitt-
ing circuit is shown in figure 1-14. Twin-
channel SSB transmitters are used in Globe-

AACSM 100-¢

com. Each channel is independent of the
other, and usually different types of signals
are handled by each channel.

(a) One input is a normal telephone
input from the base switchboard. If neces-
sary, Channel and Technical Control can
connect to this input at the AF patch panel
in the Communications Relay Center. The
C-8 Telephone Control Terminal provides
the change-over from two-wire to four-wire
operation and the necessary ringing func-
tions. The output of the C-3 terminal is
coupled to an A2 channel shifter thence to
one wide-band channel of the CMT-4 mul-
tiplex equipment.

(b) The second input to the single
sideband circuit comes from the switching
equipment in the Tape Relay Room. A DC
teletypewriter signal is passed through the
TT-160/FG cryptographic equipment which
couples the signal to the 0A-63 and OA-64
Teletypewriter Frequency Division Multi-
plex Equipment. The OA-63 and OA-64
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Figure |-14. Typical Single Sideband {SSB) Transmitting Circuit.
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convert -the DC signals into frequency-
shifted audio signals. Five other teletype-
writer signals pass through duplicate paths
to the same OA-63 and OA-64. The fre-
quency-shifted audio tones of all six circuits
are combined into one output signal in the
0A-63 and OA-64 equipment, and the out-
put signal is coupled to one wide-band chan-
nel in the CMT-4. Because the output signal
requires a band pass of 400 to 5000 cycles,
a CMT-4 wide-band channel is used. The
CMT-4 combines the output of these two
channels with all- the other channels and
couples the combination as a pulse amplitude
modulated signal to the CLR-6 microwave
equipment. The PAM sional freauency mod-
ulates the CLR-6 the RF output of which
is beamed to the Transmitter Site.

(2) At the Transmitter Site, the incom-
ing frequency-modulated RF signal is ampli-
fied and detected by the CLR-6. and the

resultant PAM signal is coupled to the

€MT-4 multiplex equipment. In the CMT-4,
the pulses are separated into their respective
channels and demodulated. Two of the many
channel outputs are associated with the
single sideband circuit. One wide-band chan-
nel contains the voice signals from the tele-
phone circuit, and the other wide-band chan-
nel contains the frequency-shifted audio
tones of the teletypewriter circuits. The out-
puts from both channels are coupled throuch
implifiers in the Distortion Measuring Bay
;0 the LD-T2 Single Sideband Transmitter.
The RF output of the LD-T2 is normally
‘onnected to the antenna, but during periods
vhen extra power is needed to maintain cir-
‘it continuity, the LD-T2 can be coupled
hrough a Transmitting Power Amphﬁer
(TPA) to the antenna. -

b. Single Sideband (SSB) Receiving Cir-
uit,

(1) A typical single sideband receiving
ircuit is shown in figure 1-15. The incom-

ng single sideband r—f signal contains two
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independent channels. The LD-R1 Receiver
receives, amplifies, and detects the signal
and separates the signal components into
two independent channel outputs. One chan-
nel containing the voice signals of the tele-
phone cireuit is coupled into one wide-band
channel of the CMT-4 multiplex equipment.
The other channel containing the frequency-
shifted audio signal from the teletypewriter
circuits is coupled into a second CMT—4
wide-band channel. The CMT-4 combines
the outputs of both of these channels with
all of its other channels into one PAM signal
output. This PAM signal output frequency
modulates the CLR-6 microwave equipment
the RF output of which is beamed to the
Communications Relay Center.

(2) At the Communications Relay Cen-
ter, the incoming frequency-modulated RF
signal is amplified and detected by the
CLR-6, and the resultant PAM signal is
coupled to the CMT—4 multiplex equipment.
The CMT-+4 separates the pulses into their
respective channels and demodulates them.
Two of the many channel outputs are asso-
ciated with the single sideband circuit. One
wide-band channel output containing the
voice signals of the telephone circuit is

coupled through the A2 channel restorer to
the C-3 Telephone Control Terminal. The

C-3 terminal converts the four-wire circuit
to a two-wire circuit and provides necessary
ringing functions. The two-wire cireuit out-

‘put of the C-3 is connected to the base
switchboard. ‘The second wide-band channel
‘of the CMT-4 contains the frequency-shifted

audio signals of the six teletypewriter cir-
cuits. These frequency-shifted audio signals
are coupled to the OA-63, OA-64/FRC-
10  Teletypewriter Frequency Division
Multiplex Equipment which converts them
into six independent DC teletypewriter sig-

:"nals Each DC teletypewriter signal passes
through a separate TT-160/FG crypto-

graphic equipment:into separate typmg re-
perforators in the tape relay equipment.

C
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PART TWO
ANTENNAS

Chapter |

INTRODUCTION

2-1. Purpose

This part of the manual is published for
the information and guidance of personnel
concerned with antennas and antenna sys-
tems selected for transmitting and receiving
in the Air Force STRATCOM System
(Globecom).

2-2. Scope

Discussed in this part are the various
types of antennas employed, policies and
criteria pertaining to the selection of an-
tennas, and information pertinent to the
capabilities, design, and use of antenna fa-
cilities. Also discussed are transmission
lines, dissipation lines, grounding systems,
and counterpoises as functional components
of antennas.
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Chapter 2
ANTENNA SELECTION CRITERIA
2~3. General sky-wave portion of the radiated electro-

a. An antenna is defined as an electrical
conductor or system of conductors used to
radiate (transmit) or intercept (receive)
electromagnetic energy.

b. The prime requirement to be considered
in the selection of an antenna for any ap-
plication is that the antenna provide the
most reliable and -efficient operation under
the conditions contemplated for the specific
circuit path involved.

c. The principal factors to be considered
in the selection of antennas are as follows:

(1) Nature of propagation and polar-
ization of the electrical component of the
electromagnetic wave to be employed.

(2) Type of antenna and its angle of
radiation or reception to be employed.

(3) Type of circuit involved.

(4) Specific frequency or range of
frequencies to be employed.

(5) Propagation characteristics appli-
cable to each circuit path.

(6) Amount of power available for
transmission.

2-4. Transmitting Antennas

a. Frequencies.

(1) Low frequencies which utilize the
ground-wave portion of the radiated electro-
magnetic wave provide reliable transmission
over long distances, provided the conductiv-
ity of the path is good. Transmission of low
frequencies, however, requires large amounts
of input power, involves the use of large
and expensive antennas, and requires large
land areas for antenna sites.

(2) High frequencies which utilize the

26

magnetic wave also may be used for trans-
mission over long distances, but they are
subject to “fading” when under the in-
fluence of certain ionospheric phenomena.
High frequency transmission, however, when
compared with low frequency transmission,
involves smaller and less expensive antennas.

(3) After due consideration of the fore-
going characteristics, it was decided that
the high frequency (HF) band would be
utilized for transmitting on beltline circuits.
The low frequency (LF) band would be
utilized for primary cirenits, with HF or
VHF/Forward Scatter (VHEF/FS) facilities
as back-up, in northern areas of the world
in which propagated electromagnetic waves
are subject to severe electrical interference
caused by aurora borealis. Low frequencies
also are used for transmitting over circuit
paths which have high absorptive character-
istics.

b. Polarization. Horizontal polarization
of the electromagnetic waves is used by
most Globecom transmitting stations. How-
ever, in areas of the earth above 50 degrees
north latitude, the effects of the strong mag-
netic fields are very pronounced and for ex-
tended periods of time completely “blanket
out” horizontally polarized waves. The an-
tennas selected for use in the northern areas,

therefore, were those most effective in radia-

ting vertically polarized waves which are
least affected by magnetic fields.
c. Point-to-Point Circuit Antennas.

(1) For long-distance point-to-point
circuits, the high-frequency antennas nor-
mally employed should possess the property
of high directivity and should have the
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Figure 2-1. Three-Wire "Curtain" Rhombic Antenna With Transmission and Dissipation Lines, Perspective View.

ability to handle large amounts of input
power from a radio transmitter. In addi-
tion, the antenna should be efficient over a
relatively wide frequency range and should
have high gain. The terminated 8-wire
“curtain” rhombic antenna (fig. 2-1) was
selected for long-distance point-to-point cir-
cuits because it is highly directional. An-
tenna gain up to 20 db is practicable with
this antenna as the horizontal and vertical
beam widths approach 5 degrees. The nor-
mal reliable working range of the antenna
lies between 600 and 2,500 miles.

{2) Horizontal delta-matched half-wave
doublet antennas (fig. 2-2) were selected to
provide satisfactory signal radiation over
short-distance point-to-point circuits of less
than 800 miles in length. These antennas
provide maximum bi-directional radiation
and optimum signal propagation between
10 and 70 degrees in the vertical plane.
These are essentially narrow-band antennas
which provide satisfactory radiation over a

range of 1 megacycle. In Globecom appli-
cation, the radiating elements of these
antennas are specifically designed for maxi-
mum radiating efficiency on a pre-deter-
mined frequency, so deviation beyond the
band width of the designing frequency will
considerably reduce the radiating efficiency
of the antenna.

(8) The delta-matched half-wave dou-
blet antenna was selected also for use on air-
ground circuits because of its characteristic
radiation pattern and its normally effective
range of up to 800 miles. Maximum radia-
tion is produced broadside to the antenna,
with a reduction in radiation of only 25
percent off the ends. As in the case of short-
distance point-to-point and broadcast cir-
cuits, separate antennas are roquired for
each frequenecy to be transmitted.

(4) Discone antennas (fig. 2-3) were
selected for back-up use on air-ground cir-
cuits. These antennas produce a vertically
polarized electromagnetic wave, and it is
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Figure 2-2. Delta-Matched Half-wave Doublet Antenna with Transmission Line, Perspective View.

essential that they be mounted on non-metal-
lic supports. Characteristics of these an-
tennas are as follows:

(a) Omni-directional radiation in ‘the
horizontal plane.

(b) Effective rad1at1on between O
and 60 degrees in the vertical plane.

(¢) Broad band coverage, covering
the frequency range of 3 to 18 mec. This
broad band coverage is mecessary to per-
mit the use of one multi-channel back-up
transmltter operating with a single antenna
to cover the entlre a1r-ground frequency
range.

(5) A relatively recent development in
radio frequency transmission known as For-
ward® Propagatlon Ionospheric  -Scatter
(FPIS) or VHF Forward Scatter
(VHF/FS) involves the use of frequerncies
in the VHF band (30 to 300 me.). The
principle of transmission involved deviates
from the conventional principle of sky-wave
transmission, and antenna types that differ
from conventional HF types are required

28

for this new application. The antenna se-
lected, except for a few early installations
where the rhombic antenna was used, is the
corner reflector (fiz. 2-4) which consists
essentially ‘'of a V-shaped reflector composed
of wires, and colinear radiating elements
centrally located in the V. The antenna may
be erected in either a horizontal or a vertical
position, depending upon the desired ‘polar-
ization of the radiated wave; however, in
Globecom the antenna is erected in the hor-
izontal position exclusively. The radiation
pattern of the corner reflector antenna is
uni-directional along the line bisecting the
apex angle. The beam width is dependent
upon the apex angle and the radiating ele-
ments employed. The gain of the antenna
is approximately 13 to 15 db. Appropriate
provisions have been made in Globecom for
the utilization of this new method’ of trans-
mitting: for point-to-point communications
on circuit paths between 600 and 1,200 miles
in length.

(6) The vertical tower antenna (fig.

S
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Figure 2-3. Di Antenna and Counterpoise, Perspective View.

2-5) was chosen to radiate low-fréquency,
vertically polarized waves with a high degree
of radiating efficiency. This type of antenna
is used primarily in those latitudes in which
vertically polarized waves are used to com-
bat the effects of severe magneétic storms.

2-5. Receiving Antennas

a. General.

(1) A difference exists in the number
of antennas required for transmission and
the number required for reception. Separate
antennas are provided for each of the
frequencies being transmitted at one time.
A receiving antenna can be made to serve
up to six different receivers by means of
branching amplifiers (multicouplers). Thus,
up to six different circuits can be received

by one antenna, provided that the frequen-
cies and orientation fall within the design

limits of the antenna. :

(2) On some long-distance  ecircuits
where fading effects are severe, space diver-
sity reception is used. Space diversity re-
ception utilizes the output of two antennas
that are separated by more than one wave
length to produce a nearly constant out-
put. This overcomes to a considerable de-
gree the effects of signal fading experienced
with a single antenna. Space diversity re-
ception is used on RTTY and MUX circuits.
but not on voice or facsimile circuits.

b. Selection.

(1) Similar antennas are usually pro-
vided at both the transmitting and receiv-
ing ends of a circuit. In some instances
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Figure 2—4. Horizontally Polarized Corner Reflector, Perspective View.

where ground space is at a premium, delta-
matched doublet antennas are employed for
reception on circuits that employ rhombic
antennas for transmission. This results in
some loss in received signal strength and has
been resorted to only as an expedient.

(2) Where low-frequency transmission
is employed, ground space permitting, long-
wire (Beverage) antennas (fig. 2-6) have
been provided for reception, since their di-
rectivity tends to reduce the ambient radio
noise level. When space limitations will not
permit a long-wire installation, a specially
designed loop antenna is provided. Long-
wire antennag are of the single-wire or two-
wire types generally varying in length from

30

114, to 11% wavelengths and elevated 16 feet
above the ground. The Globecom applica-
tion of the long-wire antenna is for low-
frequency reception only.

(3) Discone antennas are employed fre-
quently in Globecom for reception on short-
distance point-to-point and air-ground ecir-
cuits in which doublet antennas are utilized
for transmission.

(4) Although the principle of space
diversity reception is utilized primarily with
rhombic antennas, the same principle can
be applied to all types of antennas and has
been applied to discone antennas in par-
ticular instances.

iy
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Chapter 3

ANTENNA DESIGN CRITERIA

2-6. General

It is not the intent here to consider at
any great length the specific problems in-
volved in the designing of transmitting and
receiving antennas, but it is desirable to
make a few remarks pertinent to the prob-
lems. With the exception of long-wire an-
tennas, certain specific information must be
obtained and utilized in connection with the
designing of all antennas.

2-7. Design

a. In order to “tailor” the physical and
electrical characteristics of an antenna for
a specific application, certain data must be
known. The primary data required are as
follows: =

(1) Specific frequency or frequencies to
be utilized. ' :

(2) Great circle length and direction of
the circuit. ] ' o

(3) Nature of transmission, such as
RTTY, MUX, voice, or FAX. ey

(4) Noise level. at the Receiver Site.

(5) Range of conditions anticipated for

the specific transmission path during the
eleven-year sunspot cycle.

b. In connection with the design of Globe-
com high-frequency facilities, it was as-
sumed that a minimum of two frequencies
would be utilized to provide maximum day
and night reception. It was then determined
that two transmitting rhombic or doublet
antennas, one for high-band frequencies and
one for low-band frequencies, would be pro-
vided for each circuit. The higher frequency
rhombic or doublet would be utilized for
transmission of the high-band frequencies,
and the lower frequency rhombic or doublet
would be utilized for transmission of the
low-band frequencies. At the receiving end,
two rhombies would be provided for the
high-band frequencies and two more rhom-
bics for the low-band frequencies in space
diversity reception. The “tilt angle” of each
rhombic antenna must be selected for the
desired characteristic of the signal pattern
to be radiated. The angle of radiation for
transmitting antennas and the angle of ar-
rival of receiving antennas must be com-
puted for each circuit path.
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Chapter 4

ANTENNA FARMS

2-8. General

“Antenna farm” is the term applied to the
site upon which antennas are erected for
transmitting or receiving purposes.

2-9. Selection of Sites

a. In the selection of sites for antenna
farms, it is the policy of Globecom to pro-
vide a separation of at least eight miles
between the transmitting and receiving
antenns farms to prevent mutual interfer-
ence. It is also Globecom policy to provide a
separation of at least five miles between the
receiving antenna farm and the Relay Center
which is usually located at an existent Air
Force base, but which may be located at the
Transmitter site in some cases.

b. In the selection of sunitable sites for
antenna farms, the principal criteria in-
volved are as follows:

(1) The area should be as flat as possi-
ble.

‘(2) The area of the site should be ele-
vated with respect to the general surround-
ing area. 8 i

(3) The area should be devoid of any
metallic obstructions such as buildings,
towers, and pole lines, as well as of trees
and vegetation (see paragraph 2-10a).

34

(4) Sufficient ground area should be
available for erection of all antennas of the
various types involved.

(5) The soil should be as highly con-
ductive as practicable.

(6) The locations of the sites shonld
be adaptable to microwave radio link from
the Relay Center Site to facilitate intersite
communication.

c. It was not always possible to obtain
sites meeting all of the criteria listed above,
and some compromises have been necessary.

2-10. Site Clearance -

In the selection of suitable sites for Globe-
com transmitter and receiver antenna farmes,
it is desirable in each instance to secure
a site devoid of trees and vegetation over
4 feet in height. It is not always possible
to secure such a site, so the following criteria
were established to govern clearance of the
sites selected,

a. Clearance must be in accordance with
AFR 90-1, “Improved Ground, Covering
Clearing, Grubbing, and Rough Grading.”

b. All areas designated as obstruction
clearance slopes must be cleared, but grub-
bing is not required.

(O
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Chapter 5

TECHNICAL CONSIDERATIONS

2-11. General

The criteria mentioned in this chapter
were used for the development of the Globe-
com high- and low-frequency antenna instal-
lations. These criteria take. into consider-
ation the radiation characteristics of the
individual antennas and the coupling effects
between atennas.

2-12. Building Location

The building is located near the center of
the site, with the antennas distributed in a
circular pattern around it. It is oriented
for the most direct transmission line runs
and the maximum utilization of the equip-
ment areas.

2-13. Rhombic Antenna Siting
a. In the siting of rhombic antennas, the
following definitions are applicable:

(1) Low-band Rhombic. A rhombic
antenna designed for operation in the lower
frequency range of the HF band, usually
from 4 to 10 megacycles. - i

(2) High-band Rhombic. A rhombie
antenna designed for operation in the higher
frequency range. of the HF band, usually
from 8 to 25 megacycles. . -

(8) Diversity Pair. Two antennas of the
same design which are appropriately separ-
ated for space diversity operation. i1k

(4) Antenna Height. The height of the
plane of the antenna above the mean ground
level. ,

(5) Angle of Departure. The optimum
useful radiation or reception angle of the
antenna, measured vertically with respect to
the mean ground level.

(6) Reflection Zone. The ground area
immediately below the antenna, and an area
equal to the width of the minor axis extend-
ing in the transmitting or receiving direc-
tion for a distance determined by the an-
tenna height and the angle of departure. The
distance may be determined from the clear-
ance zone chart (fig, 2-7).

- -4(T) Forward Clearance Zone. The zone
above the angle of departure. This zone is
equal to the width of the minor axis and be-
gins at the end of the reflection zone.

" b. The following conditions must be met
in the installation of any rhombic antenna:

(1) Ovientation. The terminated end
shall be toward the distant station, and the
major axis shall be directed along the true
bearing for the radio path.

(2) Horizontal Placement. The radiat
ing element (curtain) shall be parallel to the
surface plane of the earth.

(8) Reflection Zone Terrain. The sur:
face of the reflection zone should not have
any abrupt changes greater than 10 percent
of the antenna height or a slope greater thar
10 percent in any direction.

 (4) Reflection Zone Clearance. The
surface of the reflection zone must be cleas
of buildings, antennas, trees, and other ob:
structions. Brush and other natural growtl
shall be kept to a minimum, must not ex
ceed four feet in height, and shall not occup;
more than 20 percent of the zone area (se
fig. 2-8).

(5) Forward Clearance Zone Clear
ances. The forward clearance zone shall b
clear of all obstructions wider than 20 per
cent of the minor axis (see figure 2-8).

(6) Antenna Spacing. The minimur
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listance between any part of adjacent anten-
las or radiating elements shall not be less
han two-thirds of the minor axis of the
arger antenna or element (see fig. 2-9).

(7) Antenna Location. The antennas
hall be located around the building, with
he transmission line end of the high-fre-
uency rhombics on the circumference of a
ircle having a radius of 800 feet. The low-
requency rhombics shall be similarly located
n a circle having a radius of 2,000 feet
see fig. 2-10). ‘

(8) Diversity Spacing. The center-to-

center spacing normally shall be six or more
and never less than four wave lengths' at
the lowest operating frequency, or 1,500 feet
and 1,000 feet, respectively, for the low-

band rhombics, and 600 feet and 400 feet,

respectively, for the high-band rhombics
(see fig. 2-11).

2-14. Horizontal Half-Wave Doublet
Antenna Siting

a. In the siting of horizontal half-wave
doublet antennas, the following definitions
are applicable:

(1) Antenna Height. The height of the
center of the antenna above mean ground
level.

(2) Angle of Departure. The useful
radiation angle of the antenna (8 to 90 de-
grees), measured vertically with respect to
the surface plane of the earth.

(3) Rejection Zone. The ground area
below the antenna extending the length of
the antenna from each end, and to each side

of the antenna a distance which is a funetion

of the antenna height and the angle of radia-

G
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Figure 2-9. Antenna Spacing. -

tion. This distance may be determined from
the clearance zone chart (see fig. 2-7).

(4) Clearance Zone. The space which
begins at the edge of the reflection zone and
lies above the angle of radiation (see fig.
2-12). '

b. The following conditions must be met
in the installation of doublet antennas:

(1) Orientations Point-to-Point. The

AACSM 100-6
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Figure 2-10. Rhombic Antenna Layout, Transmitting.
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Figure 2—11. Rhombic Antenna Layout, Receiving,
Diversity Spacing.

antenna should be broadside to the great
circle azimuth of the distant station. A
compromise of up to 20 degrees in either
direction is permissible. :

(2) Orientation: CW Nets, Broadcast
and Air-Ground. The antenna shall be
oriented to permit maximum coverage in the
desired directions.

(3) Horizontal Placement. The antenne
radiating elements shall be parallel to the
surface plane of the earth.

(4) Reflection Zone Terrain. The sur
face of the reflection zone shall not hav
abrupt changes greater than 10 percent o:
the antenna height or a slope greater thai

3
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10 percent in any direction.

(5) Reflection Zone Clearance. The
surface of the reflection zone shall be clear
of buildings, antennas, trees, and other ob-
structions. Brush and other natural growth
shall not occupy more than 20 percent of the
zone area and must not exceed four feet
in height.

(6) Clearance Zone Clearance. The
clearance zone shall be clear of all obstruc-
tions.

(7) Antemna Spacing, Colinear. The
spacing between colinear antennas shall not
be less than the length of the longer adjacent
antenna (see fig. 2-9).

(8) Antenna Spacing, Parallel. The
spacing between parallel half-wave doublet
antennas should be six times the length of
‘he longer adjacent antenna and seldom less
‘han 600 feet (see fig. 2-9).

(9) Antenna Spacing, Normal. The
ninimum spacing between doublet antennas
it right angles to each other shall not be
ess than the length of the longer adjacent
intenna (see fig. 2-9), and the resonant
ength of the shorter antenna shall not be an

8

odd multiple of the resonant length of the
longer antenna.

(10) Anienna Location. The antennas
shall be located as close to the building as
practicable. The higher frequency (shorter)
antenna shall be located closest to the build-
ing. Colinar spacing should be used when-
ever possible.

2-15. Discone Antenna Siting

a. In the siting of discone antennas, the
following definitions are applicable:

(1) Angle of Departure. The useful
radiation or reception angle of the antenna
(between 0 and 70 degrees) measured ver-
tically with respect to the surface plane of
the earth.

(2) Construction Zone. The area within
a radius of 110 feet around the center of the
antenna (fig. 2-13).

(3) Reflection Zone. The area within a
radius of 500 feet around the center of the
antenna (see fig. 2-13). .

(4) Clearance Zone. The zone whose
lower limit intercepts the earth at the outer
edge of the reflection zone at an angle of
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10 degrees above the horizon (see fig. 2-13).
b. The following conditions must be met
in the installation of a discone antenna:

(1) Construction Zone Surface. The
surface of the construction zone must be
smooth, level, and clear of all chstructions,
and the soil must be suitable for the instal-
lation of the ground radial system.

(2) Reflection Zone Terrain. The sur-
face of the reflection zone shall not have

any irregularities greater than 10 feet or

a slope greater than 10 percent from the
horizon of the earth in any direction.

(8) Reflection Zone Clearance. The
surface of the reflection zone shall be clear
of buildings, antennas, trees, and other ob-
structions. Brush and other natural growth
shall be kept to a minimum and must not ex-
ceed four feet in height. e

(4) Antenna Spacing. The spacing be-
tween discones and adjacent antennas shall
not be less than 500 feet.

(5) Antenna Location. The antennas
shall be located within the circle formed by
the high-frequency rhombics. Where sev-
eral discones are employed, they will be
placed in a circle around the building. Trans-
mission line runs should not exceed 800 feet
since attenuation becomes excessive beyond
that length.

(6) Diversity Spacing. Spacing for di-

AACSM 100-6

versity reception should never be less than
600 feet.

2-16. Vertical Antenna (Tower) Siting

a. The location of this antenna with re-
spect to the distant station is not critical
because of the omni-directional characteris-
tics of the antenna. Usually, the antenna
with its grounding system and guys is lo-
cated as near the perimeter of the antenna
farm as practicable.

b. Adjacent towers should be so spaced
as to limit to plus or minus 10 percent any
change in electrical characteristics which
may be caused by the mutual effect of the
two towers.

2-17. Long-Wire (Beverage) Antenna
Siting

a. The leng-wire (Beverage) antenna,
when terminated, is unidirectional and is
used in Globecom for receiving purposes
only. The antenna must be pointed at the
distant station, with the transmission line
end closest to the receiver building.

b. The antenna is 16 feet in height and
requires a cleared area 60 feet wide for the
length of the antenna.

¢. The antenna follows the contours of the
land, but the radio path of reception must
not be obstructed by mountainous terrain.

d. The antenna should be at least 100 fee
from other horizontal conductors.

e. The antenna should be kept away fron
the receiver building and other sources o
noise to prevent noise pick-up.

2-18. Corner Reflector Siting

The siting criterion for corner reflector
is essentially the same as that used for rada
siting.

2-19. Transmission Lines

a. General. An RF transmission line is .
conductor, or conductors, employed to cor
duct radio-frequency energy between ar
tennas and equipment.
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b. Two-wire Line.

(1) A two-wire line consists of a pair
if parallel copper wires of precisely the same
ength. The size and spacing of the wires
re determined by the impedance require-
nents (see fig. 2-14). The line is supported
n wooden poles a minimum distance of 16
eet above the ground.

(2) This type of line is easy and eco-
lomical to construct, efficient, and well suited

0

to a variety of applications. It is used in
Globecom to feed transmitting antennas.

(3) Adequate separation should be
maintained between adjacent transmission
lines and between transmission lines and
metallic objects to avoid mutual coupling
and unbalance. A minimum separation of
two feet is desirable between parallel trans-
mission lines within the transmitter build-
ing. The minimum separation between par-

)
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allel transmission lines outside the trans-
mitter building is six feet in the vertical
plane and six feet in the horizontal plane.
No single change in the direction of a trans-
mission line run should exceed 60 degrees.

e. Coazxial Line.

(1) A coaxial transmission line con-
sists of an inner and outer conductor sep-
arated by a dielectric (insulator) or ceramic
beads.

(2) A coaxial line is inherently a
ground-shielded line. Its major disadvan-
tages are that it is quite expensive and has
excessive attenuation at high frequencies.

(3) The coaxial line is used in Globe-
com as the transmission line to all discone
antennas and as the transmission line from
all receiving antennas.

(4) Coaxial lines in Globecom may be
suspended on poles, laid on the ground, or
buried. The buried installation is preferred
because it minimizes the possibility of dam-
age to the line.

2-20. Grounding Systems

Radio frequency grounding systems are an
integral part of vertical towers and long-
wire antennas and are essential to their
operation. Arc-gap grounding systems,
which are not an integral part of an an-
tenna, provide lightning protection and dis-
charge precipitation static.

AACSM 100-6

2-21. Counterpoises

a. A counterpoise is a network of wires
above and parallel to the ground surface
extending radially from the base of the verti-
cal antenna. The counterpoise is insulated
from earth ground.

b. A counterpoise is normally used instead
of a ground system when local electrical
ground conditions are such as to make the
ground system either impractical or unsatis-
factory.

2-22. Dissipation Lines

a. The dissipation line is essentially a
form of resistive load used to absorb a por-
tion of the electrical energy fed to a direc-
tional antenna. The portion of energy ab-
sorbed represents that which would have
been radiated in undesired directions. A dis-
sipation line associated with a rhombic an-
tenna is shown in figure 2-1.

b. The dissipation line used with Globe-
com antennas consists of a pair of No. 10
AWG stainless steel wires, 1,200 feet long,
which are connected to the firing end of
rhombic transmitting antennas. The line is
constructed on a pole line with a separation
of 8.5 inches between wires. The line is
terminated to ground.

c. Low wattage dissipation resistors are
bridged across the far end of receiving rhom-
bic and long-line antennas to produce unidi-
rectional reception.

41
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Chapter 6

TYPICAL STATION ANTENNA FARMS

2-23. General

a. In order to effectively illustrate the im-
plementation of criteria and utilization of
facilities discussed in this chapter, a typieal
Globecom beltline station has bean developed.
The numbers and types of facilities located
at this representative station were predi-
cated upon the specifie circuitry (number of
cireunits, type of intelligence to be transmit-
ted, operating frequencies, and length of
circuits) which was assumed. Table 2-1 is
a delineation of the assumed circuitry. (Also
see Chapter 1 of Part One) }

b. Table 2-1 provides assumed data rela-
tive to the number and types of transmitting
and receiving antennas which must be pro-
vided to satisfy the requirements of the typi-
cal beltline station in accordance with cur-
rent policies and practices.

c. Studies are being conducted continu-
ously with a view to improving the perform-
ance characteristics of antennas, to simplify-
ing installation techniques, and to reducing
costs. A number of such developments may
later be introduced in Globecom to replace
some current types of antennas.

2-24. Transmitter Antenna Facilities

Following are explanations of the bases
for selection of the transmitter antenna fa-
cilities listed in Table 2-1.

a. Cireuits 1, 2, 18, 14, 17, 18, 22, and 23.

(1) These circuits are point-to-point
circuits with lengths within the range of
500 to 2,500 miles which require highly di-
rectional antennas. The directional antenna
:apable of operation on circuits in this range
ind requiring this directivity is the 3-wire
(curtain) rhombie.

2

(2) It was assumed that three operat-
ing frequencies, namely high-band, low-
band, and mid-band, would be assigned for
each of these circuits to provide day and
night operation. A high-band antenna and a
low-band antenna are provided for each cir-
cuit, with both antennas capable of operating
on the mid-band frequency. When changing
from one frequency to another, operation on
the. new frequency is established before
changing over from the operating frequency .
that is, while one antenna, is operating on the
one frequency, operation of the other an-
tenna on the other frequency is established
prior to frequency change-over.

b. Circuits 8 through 12.

(1) These circuits are used for air-
ground communication on 10 pre-selected
channels. Bach circuit requires a type of
antenna that has a wide azimuth range and
an operational range of 800 miles. The delta-
matched doublet antenna meets the foregoing
antenna requirements, and one antenna for
each channel is provided. _

(2) It is standard policy to erect back-
up discone antennas which are omni-direc-
tional and capable of broad-band frequency
coverage. .

c. Circuits 15 and 16. These are short-dis-
tance point-to-point circuits 500 miles in
length. Three frequencies are assigned to
each of the circuits to provide day and night
operation, and delta-matched doublet anten-
nas are employed to provide uni-directional
radiation. Since the doublet antennas nor-
mally are sharply tuned, a separate antenna
is provided for each frequency.

d. Cireuits 19, 20, and 21. These circuits
back up landline circuits which vary from

O)
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300 to 400 miles in length. Since these cir-
cuits are used only for back-up, two delta-
matched doublet antennas are provided, one
for operation on the high-band frequency
and the other for operation on the low-band
frequency.

e. Circuits 24, 25, 26, and 27. These cir-
cuits are used for radio teletypewriter
weather broadcasts. One delta-matched
doublet is provided for each circuit.

f. Circuits 28, 29, 30 and 81. These cir-
cuits are used for simultaneous radio fac-
simile broadcasts of weather data charts to
several intercepting points within an 800-
mile range. Each of these circuits operates
continuously on one frequency and utilizes
a delta-matched doublet antenna.

g. Circuits 82 and 33. These circuit num-
bers signify two distant points operating
with the “typical” station in a CW net. For
this net operation, three frequencies have
been agsigned, and -three delta-matched
doublet antennas are provided, one for each
frequency.

h. Circuit 84. This circuit employs the
principle of forward propagation iono-
spheric scatter (frequently referred to as
VHF/Forward Scatter) and utilizes a single
frequency in the VHF band. One corner re-
flector is utilized for transmitting purposes.

1. Cireuit 85. This circuit is over 600 miles
in length and is used for point-to-point trans-
mission to a station in the high latitudes.
Low-frequency vertically-polarized ground-
wave transmission is employed. The antenna
best suited to this type of circuit is the
vertical tower. One frequency is assigned
to this circuit.

J. Circuit 36. This circuit is provided as
HF back-up to Circuit 35. Three frequen-
cies are assigned to the circuit, and two
rhombic antennas are provided.

k. Circuits 87, 38, 89 and 40. These cir-
cuits are used for intercepting (receiving)
purposes only, and no transmitting antennas
are required. :

2-25. T;"é'nsmiﬁer Antenna Farm Layout

Figure 2-15 illustrates an acceptable lay-
out for the antennas selected for use at the

44
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typical Transmitter Site. The antenna siting
criteria discussed in Chapter 5 in this part
of the manual were used as a guide in pre-
paring the layout,

2-26. Receiver Antenna Facilities

Following are explanations of the bases
for selection of the receiver antenna facili-
ties listed in Table 2-1.

a. Circuits 1,18, 17, and 22.

(1) These long-distance point-to-point
circuits are provided with rhombic antennas.
Space diversity reception is employed, so
four antennas are provided for each circnit,
two for reception of the low-band frequency
and two for reception of the high-band fre-
quency.

(2) Circuits 1 and 17 are single side-
band (SSB) circuits. Circuits of this type
which provide six teletypewriter channels
utilize a tone diversity technique inherent
in the equipment which makes space divers-
ity reception unnecessary. Current Globe-
com planning provides for increasing the
channel capacity for all SSB circuits from 6
to 16 channels which will require space di-
versity reception. For this reason, space di-
versity normally has been provided in cur-
rent engineering.

b. Circuits 2, 14, 18, and 23. No separate
receiving antenna facilities are provided for
these circuits since, by employing branching
amplifiers, reception is accomplished with
the same antennas provided for Circuits 1,
13, 17 and 22. Space diversity reception is
not used with these circuits. (Refer to Part
Three, Receivers, for information about the
use of branching amplifiers).

c. Circuits 8 through 12.

(1) These are air-ground antenna cir-

cuits used for reception of high-frequency
signals from air-ground stations within an
800-mile range. The discone antenna, which
is omni-directional and covers a wide fre-
quency range, is provided for this applica-
tion.

(2) Since each receiving discone an-
tenna is capable of being connected simul-
taneously to six separate receivers by the
use of branching amplifiers, the antenna re-

C
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Figure 2—-15. Typical Station Transmitting Antenna Layout.

quirements for the A-G circuits can be
shared with the balance of the circuits which
use discone antennas. See Table 2-2 for the
receiving discone antenna schedule.

d. Circuits 15, 16, 19, 20 and 21. These
circuits are used for short-distance (less
than 600 miles) point-to-point communica-
tion. For reception, the antenna employed
possesses high gain characteristics and has
an adequate frequency band coverage. Since
the receiving antennas need not have highly
directional properties, the discone antenna
has been selected for reception in these cir-
cuits.

e. Circuits 24, 25, 26 and 27. These cir-

cuits are used for radio teletypewriter broad
cast of weather data. Receiving antennas are
not required.

f. Circuits 28, 29, 30 and 31. These cir
cuits are used for facsimile broadcasts o
weather data. Receiving antennas are no
required.

g. Circuits 32 and 33. These are manua
CW telegraph circuits for transmitting spe
cial traffic. Three frequencies are employed
and a discone antenna is utilized.

h. Circuit 34. This circuit employs fre
quencies in the VHF band (30-300 megacy
cles) and is used for point-to-point communi
cation over distances ranging between 60

4
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Table 2-2. Receiving Discone Antenna
Schedule
No. of Receivers
No. of
Circuit Assigned Assigned
No. Freq. Normal Diversity { Discone No.
3 thru 12 10 10 B 2-3
15 3 2 2 1-5
16 3 3 4
19 2 2 2 1-5
20 2 2 2 1-5
21 2 2 2 2-6
32-33 3 3 - 4
37-40 2 8 6-7

and 1,200 miles, The receiving antenna em-
ployed must be capable of v-h-f reception,
must be sharply tuned, and must have uni-
directional high gain characteristics. The
type of antenna that is employed for trans-
mission, the corner reflector, also is used for
reception.

i. Circuit 85. This circuit is employed for

6
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long-distance point-to-point transmission in
the low-frequency (LF) band and utilizes
vertically-polarized ground-wave transmis-
sion. The receiving antenna possesses highly
directive properties, is designed for LF oper-
ation, and has high gain characteristics. The
long-wire (Beverage) antenna is preferred
for this application.

J. Circuit 86. This cireuit is an HF back-
up of Circuit 85. Rhombic antennas in space
diversity arrangement are utilized for this
receiving purpose.

k. Circuiis 37, 38, 39 and 40. These cir-
cuits are employed for the interception of
HF manual CW telegraph broadcasts of
weather data. The antennas employed should
be capable of receiving h-f signals, should
have good gain characteristics, and should
be omni-directional. The discone antenna
satisfies these requirements.

2-27. Receiver Antenna Farm Layout

Figure 2-16 illustrates an acceptable lay-
out for the antennas selected for use at the
Receiver Site. The antenna siting criteria
discussed in Chapter 5 of this part of the
manual were used as a guide in this antenna
farm layout.
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Figure 2—16. Typical Station Receiving Antenna Layout.
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PART THREE
RECEIVER SITE

Chapter |

INTRODUCTION

Section |.

3~1. Purpose

The purpose of this part of the manual is
to describe a typical receiver station, to dis-
cuss the various types of equipment used,
and to provide pertinent information regard-
ing the operational capabilities of the equip-
ment. T

3-2. Scope

For the purpose of illustration, it is neces-
iary to include in the typical receiver station
he various types of equipment which might
e found at any receiver station, regardless
f location or size. It should be understood,
lowever, that the amount of traffic handled
t each station determines the equipment
equired, and since the local requirements
f all stations are not the same, no two Re-
eiver Sites will be identical. Some types of
quipment (common) will be employed at all
eceiver stations, whereas employment of
ther types will depend upon the circuits
andled at each particular station.

-3. Policy

Every effort is made to standardize the
ymponents of the Air Force Global Commu-
ication System ; but due to the wide variety
f buildings and loeal conditions at individual
tes, complete standardization is not always
assible.

H

GENERAL

a. The floor plan of a Type “A” receiver
building is shown in figure 8-1. Selection of
the correct type of receiver building depends
upon a number of factors, some of which are
geographical location, rehabilitation of ex-
isting buildings, utilization of existing fa-
cilities, and operational circuit requirements.

The Type “A” receiver building was chosen

for the typical Globecom station because the

- equipment room provides the maximum floor
- Space for future expansion. The first floor

includes the Equipment Utility Wing, the
Equipment Room, and the Personnel Utility
Wing. The second floor, immediately above
the equipment room, provides quarters for
station personnel. The commanding officer’s
room is located at the head of the stairs
above the personnel utility wing.

b. Figure 3-2 shows the method of num-
bering the various equipment ecabinets lo-
cated in the receiver building. Each floor
space has an assigned number which is
automatically given to any piece of equip-
ment which occupies that particular space.
This lends flexibility to the system without
disturbing the consecutive order of the
cabinets.

¢. Practically all receiving equipment is
mounted in standard 19-inch equipment
cabinets (CY-597 A/G). These cabinets are
seven feet high and can accommodate -equip-
ment from the top to the bottom. A sliding

("M
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shelf is installed, at about waist level, in
every other cabinet (one MT-571-G sliding
shelf to each pair of cabinets). For the con-
venience of operators and maintenance per-

"sonnel, equipment is not generally installed

below the three-foot level. Just inside the
rear door at the bottom of the cabinet is the
SA-288/G ‘switch panel which provides a
trouble light at the end of a six-foot exten-
sion cord, a 10-ampere fuse in the primary
power line to the cabinet, and a master
cabinet switch that removes power from all
equipment in the cabinet.

d. It is standard practice in setting up
the equipment to leave a free floor space
between each group of six cabinets to enable
operators and maintenance men to get to
the back of a particular cabinet without
having to go around more than three cabi-
nets. This procedure may vary considerably,
depending upon the particular requirements
of each grouping.

Section IIl. DESCRIPTION

\~4. Plant
Figure 8-3 shows the simplified floor plan

1 the typical receiver building. The various
ypes of equipment are grouped according
0 their particular function. A supervisor’s
esk is located at the center of the equip-
1ent room to provide convenient access to
atching and distribution bays. Transfer of
lectrical energy between various pieces of
quipment within the receiver building is

)

accomplished by means of cables which are
supported by cable racks suspended from the
ceiling. Radio frequency energy is carried
by coaxial cable, whereas audio frequency
energy and direct current energy are carried
by cables composed of shielded two-wire lines
of which all shields are grounded. The
screened room, located ‘at the end of the
equipment room, contains test equipment.

C
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3-5. Equipment

The many types of signals handled in
Globecom make it necessary to employ a
wide variety of receiving equipment.

a. Single Sideband (SSB). The beltline
circuit is primarily handled by single side-
band equipment (frequency division multi-
plex and frequency diversity transmission).
Each SSB circuit requires one SSB receiver
and one line-up cabinet. The SSB receiver
currently in use is the R-369/FRC-10 (LD-
R1). The line-up receiver (diversity cabi-
net) includes two Hammarlund Model SP-
€00-JX-17 Receivers with the AN/URA-
8B Audio Frequency-Shift Converter-Com-
parator Group. One spare SSB receiver is
installed for each three circuits or fraction
thereof. Preparatory to changing the fre-
quency of the SSB receiver, contact is estab-
lished at the new frequency with the line-up
equipment to determine when reception will
be satisfactory. In the future, the AN/FRC—
10 Receivers (R-369 and D-99945) will be
replaced by the AN/FRR-41 Receivers for
space diversity reception of frequency divi-
sion multiplex SSB transmission.

'b. Radioteletypewriter (RTTY& MUX).
The Hammarlund Model SP-600—-JX~17 Re-
ceiver is the standard receiver which handles
radio teletypewriter signals in each of the
tributary circuits. Two SP-600-JX-17 Re-
ceivers, in conjunction with the AN/URA—~
8B Audio Frequency-Shift Converter-Com-
parator Group, is used for space diversity
reception of frequency shift teletypewriter

1 June 1956

signals. Two diversity cabinets are provided
for each circuit, and two spare diversity
cabinets are provided for each station.

¢. Air-Ground (A/G). The air-ground
channels are primarily allocated as voice
channels. One SP-600-JX-17 is assigned
to each voice channel, with one spare for
each six A/G channels or fraction thereof.

d. CW Weather Intercept. At stations
where CW weather intercept requirements
exist, two SP-600-JX-17 receivers and one
M-28 teletypewriter pageprinter are em-
ployed in each receiving circuit. The opera-
tor’s position (stall) is partially enclosed
by individual wall sections on two sides of
the equipment. The operator receives the
weather message in CW and types it directly
on the M-28 pageprinter teletypewriter
which is connected to the Base Weather Cen-
ter. This provides him with a typed copy
of the intercepted material and simultane-~
ously transmits the same message to another
teletypewriter at the Base Weather Center,
making retransmission unnecessary.

e. Facsimile. Facsimile circuits are han-
dled by SP-600-JX-17 Receivers with CV-
172 A/U Facsimile Converters. One RD-
92/UX Facsimile Monitor Recorder is in-
stalled at each station for testing purposes.

f. Intersite Facility. The CMT-4 Time
Division Multiplex Equipment and the CLR~
6 Microwave Radio Relay Equipment pro-
vide the necessary two way radio linkage
between the Communications Relay Center,
the Transmitter Site and the Receiver Site.

O
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Chapter 2

EQUIPMENT

Section |.

3-6. Antennas

Table 8—1 shows the functional use of an-
tennas at Globecom sites. The discone re-
ceiving antenna system is utilized in air-
ground, CW intercept, and point-to-point
circuits for omnidirectional, broad-band re-
ception of radio signals from transmitting
stations which are less than 800 miles away.
If space will not permit the erection of a
discone antenna, doublet antennas may be
used. It must be remembered, however, that
the doublet is a high-Q antenna and will op-
erate efficiently only at frequencies which
fall within its narrow band pass which is

RADIO FREQUENCY EQUIPMENT

approximately plus-or-minus one-half mega-
cycle from the frequency for which it was
designed. Therefore, when doublet antennas
are used, a separate one is required for each
frequency employed. The rhombic receiving
antenna system is utilized in point-to-point
circuits for directional, broad-band receptior
of radio signals from transmitting stations
which are more than 800 miles away. The
size of receiving antenna farms will vary
according to the number and types of cir:
cuits terminating at the respective sites
For long-distance point-to-point circuits, re
ceiving antennas are usually installed ir
pairs to permit space diversity reception.

Table 3—1. Antenna Function

Air-Ground Point-to-Point Point-to-Point Other intercept
Agtenna channels over 800 miles under 800 miles & WX broadcast
ypes
XMTR RCVR XMTR RCVR XMTR ;| RCVR XMTR RCVR
Discones X1 X X X
Doublets B X X2 X
Rhombics X X

(X1) Secondary function
(X3) If space will not permit a discone

3-7. Coaxial Feed Lines

Each antenna feeds into an RG-85 coaxial
cable which is armored to protect it against
breakage and treated to protect it against
the elements. The cable is generally buried

18 inches below the surface of the groun
At the antenna entrance house, the RG-8
armored coaxial cable is physically term
nated and connected through a connecte
adapter (CA) to WECO 724 coaxial cabl

5
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which enters the receiver building through
the entrance port. There are three entrance
houses at each receiver building (see figure
3-2), and the coaxial cables from each an-
tenna entrance house are brought into the
receiver building on overhead cable racks.
Overhead racks are used to support cables

and trunk lines between all cabinets in the '

receiver building. To maintain maximum
flexibility in the receiving system, all input
and output circuits of all equipment cabinets
are terminated in jacks at main patching
and distribution panels, and all coaxial an-
tenna feed lines are terminated in the RF
Patch Cabinet. Bell' Telephone System in-
stallation practices are followed as closely
as possible,

3-8. RF Patch Cabinet

The RF Patch Cabinet is the point of dis-
tribution for all coaxial cabling between
equipment cabinets and between antennas
and equipment within the receiver building.
This cabinet provides the necessary flexi-
bility in use of equipments by patching be-
tween jacks mounted in the cabinet. The
:abinet also includes pads, which are ter-
minated at jacks, for attenuating or paral-
eling the inputs of equipment or antennas.
All antennas terminate at the RF Patch
Cabinet and can be patched directly or
hrough branching amplifiers to any receiver.
nputs and outputs of all branching ampli-
iers are terminated at the patch panel to
nake it possible to connect any antenna to
ny branching amplifier. The HFO and BFO
utputs from the variable frequency master
scillator terminate at the patch panel and
an be connected to any receiver. All coaxial
runks from each cabinet in the equipment
oom and from patch panels in the screened
ocom and maintenance room terminate in
he REF Patch Cabinet. This arrangement
llows for handling miscellaneous signals
or testing purposes or for other-than-
ormal operation. The jack strips in the RF
'ateh Cabinet are arranged to allow for nor-
12l operation when using only WECO 341-C
baxial plugs for patching purposes. RF
atch cords (fig. 8—4) are used to connect

$
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WECO
341-C PLUG-

WECO
464-C JACKS

WECO
337-8 PLUGS
.-\-"v
wECD T24

FLEXIBLE O&XIAL
CABLE—

= ———

o —

Figure 3—4. Patch Plug and Cord.

T

circuits for other-than-normal operation or
for termination in pads.

- 3-9. Branching Amplifier Cabinet

Each branching amplifier cabinet contains
ten branching amplifier units (Telectro TA—
230) . The purpose of the branching amplifier
is to provide up to six radio-frequency out-
puts to radio receivers when its input is con-
nected to a receiving antenna. The range of
the branching amplifier is from 2.5 to 30 MC.
The input signal should not exceed three
millivolts since cross talk will occur at higher
levels. Each receiver may be tuned to any
frequency within the frequency limits of the
receiving antenna and its branching am-
plifier. There is at least one branching am-
plifier for each antenna at the Receiver Site.
By cascading branching amplifiers (fig. 3-5),.
it is possible to increase the utility of the
antenna used. However, Globecom engineer-
ing normally does not employ branching am-
plifiers in cascade due to the resultant in-
crease in vulnerability and noise level, so it

O)
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is mentioned here only to indicate an emer-
gency capability.

MRLECHING
AMFLIFER

ouT- BRANCHING ouT-
ANPLIFIER PUTQ

Figure 3-5. Branching Amplifier Cascade Block.

3-10. Variable Frequency Master Oscillator
Cabinet

The NR-115, Model 1, Variable Frequency
Master Oscillator (VFO) is mounted in the
standard 19-inch equipment ecabinet. Its
purpose is to supply local oscillator injection
voltage to the receiver when a crystal for a
particular frequency is not available. Its
variable frequency is designed to give sta-
bility equivalent to that obtained by non-

AACSM 1006

temperature-compensated crystal oscillators.
The entire unit is adequately shielded to
eliminate interference with adjacent receiv-
ing equipment. A block diagram of the VFO
is shown in figure 3-6. The circuit consists
of a high-frequency variable oscillator cov-
ering the range of 2 to 4 MC, followed by
buffers and multipliers which provide out-
puts of from 2 to 32 MC. A low-frequency
crystal oscillator provides for receiver BFO
operation. The output level of each oscillator
can be adjusted to suit a wide variety of
requirements. Three coaxial connectors are
provided for each of the VFO and BFO out-
puts. A 100 KC crystal is provided for spot
calibration of the variable HFO. An addi-
tional feature which is not normally used in
Globecom is a ecrystal controlled oscillator
which also covers the range of 2 to 4 MC.
A front panel switch switches the oscillator
into the circuit in place of the variable fre-
quency oscillator to provide a choice of three
fixed frequencies in the 2 to 832 MC range.

—— —

ETaL. C
ose, —
{3 FREQ) o

16~32MC
AMP

XTAL
CALIBRATOR

BUFFER

VAR.
0scC.
(2~4 MC)

XTAL
BFO

{2 FREQ]

HFO
OUTPUTS

CALIB.
QUTPUT

l 2 BFO I
BUFFER = l OUTPUTS l

.o

NOTE: SHADED BLOCKS INDICATE
NORMALLY USED CIRCUITRY.

Figure 3-6. Functional Block Diagram of the Variable Frequency Master Oscillator.
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3—11. Monitor Cabinet

The Monitor Cabinet contains an SP-600—
JX-17 Receiver, a CV-89 Frequency Shift
Converter, and an SA-8A-T-200 Panadap-
ter.

a. Panadapter. The panadapter is an auto-
matically-scanning superheterodyne receiver
which permits many RF signals to be ana-
lyzed at one time. The input of the pan-
adapter is connected through an isolating
element to the output of the mixer in the
SP-600-JX~17 Receiver. The frequency of
the panadapter is varied between established
limits so that its selectivity sweeps a given
band of frequencies. In the course of the
frequency excursions, the oscillator beats
successively with each signal in the band.
These signals, according to their nature, are
depicted on the eathode-ray tube as a series
of vertical pulses along the horizontal axis.

. ——— ——— ——— ———— — Ar———.  to— —— —

|

' -1 PARADAPTER

I

| '
SP - 600~

I Jx=17 Cv =85

| 1

VFO CABINET
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The amplitude and position of each pulse,
as seen through the calibrated screen, indi-
cate signal strength and frequency, respec-
tively. This is a convenient way of checking
the band for interference.

b. Monitor Receiver. The SP-600-JX-~17
Monitor Receiver may also be used to aid in
tuning the VFO for use with receivers which
need external HFO (fig. 3-7). The monitor
receiver and the diversity receivers are
patched into the same VFOQ, and the RF
section of the monitor receiver is tuned to
the desired signal and the HFO adjusted to
the proper frequency. Since the VFO cabi-
nets are adjacent to the monitor cabinet, the
operator can make all necessary HFO adjust-
ments without leaving the RF equipment
group; to complete the tuning, only the RF
sections of the diversity receivers need to be
tuned at the diversity cabinet.

EQUIPMENT
REQUIRING
EXTERNAL
HFO

SF—-600-
JH=IT

[ e g e T
ISR (E—
A

|

|

|

i M-22 To

| 5 VTS
|

Tli l K ] |
I
|

HFO
IFQ
BFO
AV G

EP=600= I
JH=IT cv-89 I
f

Figure 3-7. Block Diagram of the Monitor Tuning Circuit.
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Section Il. RECEIVING EQUIPMENT

3-12. Hammarlund Model SP-600-JX
—17 Receiver

The Hammarluind Model SP-600-JX-17
Radio Receiver is the primary receiver used
in the Globecom system and is mounted in
a standard 19-inch equipment cabinet. It is a
20-tube radio communications receiver which
covers six frequency bands to provide contin-
uously variable tuning within the frequency
range of 0.54 MC to 54.0 MC for fixed-
frequency, crystal-controlled reception. It
finds especial use in space diversity reception
wherein advantage is taken of the more
usable (stronger) signal provided by one of
two receivers whose antenna systems are
spaced more than one wavelength apart.
The radio receiver provides for the reception
of keyed, amplitude modulated, and fre-
quency shift carrier signals. The carrier
signal intelligence may be composed of slow-
speed (manual) telegraph, high-speed (auto-
matic) telegraph, teletypewriter, facsimile,
or telephone signals. The receiver uses single
heterodyne conversion for its three lower
frequency bands (below 7.4 MC) and double
heterodyne conversion for its three higher
bands (above 7.4 MC) (fig. 3-8). The re-
ceiver will operate with high stability on any
one of six fixed frequencies by utilizing the
crystal controlled HFO in place of the vari-
able HFO. Six crystals can be mounted in
the receiver for use with the erystal con-
trolled HFO. The selectivity of the receiver
(band width) may be varied between 13 KC
and 500 cps in six steps. The three narrower
band widths employ erystal filters in the IF
section of the receiver to reduce signal inter-
ference by rejecting unwanted signals which
are closely adjacent to the desired signal.

a. Heterodyne Frequency  Oscillator
(HFOQO). In space diversity reception, the
system output may be from one receiver at
one instant and from the other receiver at
another instant. The relative drift between
heterodyne oscillators in each receiver is
avoided by using one receiver as the master
and the other as the slave. When connected
in this manner, the HFO injection voltage

DEFECTON i e .

SHADED BLOCKS MIDICATE NOAMAL CIRCWT

— SIGNAL PATH COMMON AT AL FREQUENRCISG

==~ GIGNAL PATM FOR FAEQUENCIES ABOVE
MC

.4
———SIGNAL PATH FOR FREQUENCIES DELOW
ZamC

Figure 3-8. Functional Block Diagram of the SP—600~-JX-17
Receiver.

normally is supplied to both receivers by the
internal crystal-controlled HFO of the mas-
ter receiver. If a erystal for the desired fre-
quency is not available, the HFO injection
voltage can be patched to both receivers
from the very stable external NR-115
Variable Frequency Master Oscillator
(VFO). A higher degree of stability can be
obtained with the external VFO than with
the internal variable HFO of the receiver.
b. Intermediate Frequency Oscillator
(IFO). When receiving frequencies above
7.4 MC, the receiver utilizes dual conversion.
In the first converter, the incoming signal
is heterodyned with the HFO to produce the
first intermediate frequency of 3.955 MC. In
the second converter, the first intermediate
frequency is heterodyned with the output
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frequeney of 8.5 MC from a crystal control-
led IFO to produce the final intermediate fre-
quency of 455 KC. When connected for space
diversity operation, the IFO jacks of both
receivers are coupled together, and the
heterodyne frequency necessary for second
conversion is supplied to both receivers by
the IFO of the master receiver.

¢. Beat Frequency Oscillator (BFO). By
heterodyning a fixed frequency from the
internal BFO of the receiver with the final
intermediate frequency of the receiver, fre-
quency shift teletypewriter signals are con-
verted to modulated, frequency-shifted audio
tones at the output. The transmitted tele-
typewriter signal is composed of mark-space
information in the form of an 850 cps fre-
quency shift carrier, with the mark pulse
425 cps above the carrier frequeney and the
space pulse 425 cps below the carrier fre-
quency. When this frequency-shifted signal
passes through the RF section of the re-
ceiver, the final IF (455 KC plus or minus
425 cps) still retains the original frequency-
shift mark-space information. Before this
signal can be applied to the CV-89 Audio
Frequency-Shift Converter, it must be re-
duced to an audio frequency-shifted signal. To
accomplish this, the internal BFO frequency
of 457.5650 KC is heterodyned with the final
IF to produce the desired audio frequency of
2550 cps with the proper frequency shift of
plus or minus 425 cps which operates the
audio discriminator in the CV-89 converter.
Should the need arise for more stability in
the operation of the BFO, the low-frequency
crystal-controlled oscillator located in the
NR-115 Variable Frequency Master Oscil-
lator may be used in place of the internal
BFO of the receiver.

d. Automatic Volume Control (AVC). The
AVC terminals of both receivers (master
and slave) are tied together so that the eir-
cuit which has the stronger signal will auto-
matically control the gain of both receivers.

3-13. Radio Teletypewriter Reception

A means is provided to convert the fre-
quency-shifted mark-space information to
DC pulses which can be used to activate
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VFTG tone keyers or teletypewriter ma-
chines. The conversion is accomplished by
the AN/URA-8B Frequency-Shift Con-
verter-Comparator Group which is a com-
bination of two CV-89A/URA-8B con-
verters and one CM-22A/URA-8B
comparator. Since it is standard policy to
install only diversity eabinets for radio tele-
typewriter circuits, the circuit components

will normally be connected as shown in fig-

ure 3-9.

a. CM-22 Comparator. A three-position:
switch (not shown) at the input of the CM-
22 selects the output from either receiving
system (A or B) for non-diversity reception,
or from both receiving systems (A and B)
for space diversity reception (fig. 3-9). The
frequency-shifted audio signal from the out-
put of each receiver is converted to DC
pulses by the action of the discriminator in
the associated CV-89 Converter. The DC
pulses from both CV-89 Converters are ap-
plied to the selector circuit (one to channel
A and one to channel B) in the CM-22 Com-
parator where the stronger signal is used to
activate the keyer-trigger which in turn con-
trols the electronic relay. The output from
the electronic relay appears on the diversity
cabinet jack strip and is normalled through
to the AF and DC Patch Cabinet. A small in-
dicator lamp, located in the jack panel of the
CY-597 A/G equipment cabinet, indicates
whether or not the teletypewriter circuit is
handling signal current. The indicator lamp
is shunted by a 900-ohm resistor and is con-
nected in series with the 60 MA loop circuit
(see figure 3-10). The 60 MA loop circuit is

broken by a space pulse and closed by a mark:

pulse; consequently, the indicator lamp glows
only when a mark pulse is present. If the
indicator lamp should burn out, the 900-ohm
resistor would carry sufficient loop current to
maintain signal continuity. The unshaded
blocks in figure 3-9 show the circuitry for
producing a keyed tone output. The audio
oscillator may be switched to any one of
eight present tones, or it may be switched
to the external position at which the oscil-
lator acts as a straight-through amplifier to
apply the external tone to the tone modu-
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lator, When the mark pulse is present, a
tone is produced in the output; when the
space pulse is present, no tone is produced in
the output. This results in a keyed tone
carrying the mark-space information. The
terminals of this portion of the circuit do
not appear on the diversity cabinet jack strip
because keyed tone (on-off) teletypewriter
signals are not used in Globecom.

b. CV-89 Converter. Figure 3-11 shows
the circuits normally used in the CV-89. The
frequency-shifted audio signal from the re-
ceiver is applied to the audio frequency dis-
criminator in which the high and low fre-
quency shift tones are converted to positive
and negative DC pulses, respectively. In fre-
quency shift communication, the transmitted
signal shifts above and below the carrier.
Under normal conditions, the mark pulse is
carried by the higher frequency and the
space pulse is carried by the lower frequency.
There will be times, however, when the fre-

AACSM 100-6

quency shift relationship will be reversed.
In the reversed condition the mark will be
carried by the lower frequency and the space
will be carried by the higher frequency. A
manual reversing switch (not shown) is in-
corporated following the audio frequency
discriminator to correct the reversed fre-
quency shift relationship. The circuitry fol-
lowing the discriminator in the CV-89 is
essentially the same as the circuitry follow-
ing the selector circuit in the CM-22. The
teletypewriter output from the electronic re-
lay in the CV-89 appears on the diversity
cabinet jack strip. The CV-89 may be used
by itself to convert teletypewriter signals
from frequency-shift audio to on-off DC suit-
able for operating the VFTG tone keyer or
the teletypewriter pageprinter. When the
CV-89 is used by itself, the diseriminator
converts the frequency-shift audio to DC
pulses and applies them to the keyer-trigger
which in turn operates the electronic relay.

CM-22A/URA-8B
EXTERNAL TONE INPUT

SHADED BLOCKS INDICATE
CIRCUIT CAPABILITY.

-

AUDIO
OSCILLATOR
AMPLIFIER

SELECTOR

HEAVY SIGNAL LINES
INDICATE NORMALLY USED
PORTION OF CIRCUIT.

TONE
MODULATOR

‘ KEYER-TRIGGER I

KEYED TONE OQUTPUT

L

ELECTRONIC ocC TO AF & DC
RELAY WPATCH PANEL

DiV. CAB. JACKS

Figure 3-9. CM-22 Comparator Diversity Connection.
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Figure 3—10. Functional Block Diagram of the Diversity Receiving Circuit.
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The output of the CV-89 is then patched to
the DC line input (see figure 3-10).

SHADED BLOCKS INDICATE
CIRCUIT CAPABILITY,

HEAVY SIGNAL LINES
INDICATE NORMALLY USED
PORTION OF CIRCUIT,

5P = B00-
- Ja=|T

T T T T T Tcv-ssasvra-ee | _:
! exverRnaL Tone meut 3 {
i AUDIO  FREQ. |
| DASCIHMSATOR
| ]
AUBIO ]
; OSCILLATOR g e
AMPLIFIER
i o L I.:mveasm)
| KEYER-TRIGGER |
I
| o :
| TONE
! woouLaTor  [® |
| 1
| i o
! KEYED TONE OUTPUT ELECTRONIC _}..;sﬁgwer
: | STRIP
! ! pieRaTy
oot o e e s Ly DRERSL V]

FIGURE3-11 BLOCK DIAGRAM OF CV-89
Figure 3—t1. CV-89 Converter Diversity Connection.

3-14. Radio Facsimile Reception

Facsimile equipment is used to transmit
fixed images from one point to another over
an electrical communication system such as
a radio circuit or a landline. In Globecom,
these circuits are used primarily for fac-
simile transmission of weather maps. The
distant facsimile transmitter resolves the
image (map) into very small component
areas and transmits the average density of
each area in sequence to the receiver station
in the form of frequency-shift RF. The RF
signal is detected at the receiver and con-
verted to amplitude variations by the con-
verter. The converted signal is transmitted
to the Communications Relay Center over
Intersite Link Facilities, then proceeds by
landline to the Base Weather Center. The
facsimile recorder at the Base Weather Cen-
ter amplifies the facsimile signal and con-
verts it back into corresponding density
variations on the recording sheet. When the
entire picture has been scanned at the fac-
simile transmitter, it has been copied on the
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recording paper at the facsimile recorder.

a. Receiving Circuit. The incoming fre-
quency-shifted RF facsimile signal termi-
nates at the RF Patch Cabinet. By using
WECO 341-C coaxial plugs, the signal may
be patched to the input of a branching ampli-
fier and from one of the amplifier outputs to
the antenna input of the receiver cabinet;
or it may be patched directly from the an-
tenna to the antenna input of the receiver
cabinet (fig. 3-12). Before the signal can
get to the receiver, however, it must again
be patched at the receiver cabinet jack sfrip
to the antenna input of the receiver. Exter-
nal HFO and BFO may be obtained from the
variable frequency master oscillator by using
WECO P2AW flexible coaxial patch cords at
the RF Patch Cabinet. In the receiver, the
frequency-shifted RF signal is detected and
applied to the output audio pad as a fre-
quency-shifted audio signal in which 1500
cps represents the black portion of the image
and 2300 cps represents the white portion of
the image. The LS-139/G Loudspeaker As-
sembly at the output of the receiver is used
for audible monitoring of the signal during
tuning. The audio pad attenuates the signal
from loudspeaker level to the correct input
level of approximately 0 db for the facsimile
converter. The amplitude of the signal may
drop as much as 50 db due to transmission
effects on the radio circuit before the ampli-
tude of the output signal is seriously af-
fected ; consequently, the final image contrast
is practically constant even under conditions
of severe fading.

b. Frequency Shift Facsimile Converter.
The CV-172A/U Frequency Shift Converter
is used as part of the terminal equipment at
the receiving end of a radio facsimile circuit.

" It converts 1500 cps and 2300 cps audio

frequency-shift facsimile signals to ampli-
tude modulated signals which operate a
facsimile recorder. The connection is nor-
mal-through from the audio pad to the input
of the CV-172A/U Facsimile Converter. The
facsimile signal continues through the in-
put amplifier, limiter, and frequency dis-
criminator to the output amplifier. The loud-
speaker which is built into the converter is
used to indicate the proper level when signal
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adjustments are made at the input of the
converter. In the limiter, all amplitude
variations (noise signals) are removed from
the facsimile signal, leaving a frequency-
shifted audio tone of constant amplitude. At
the limiter, a small portion of the signal is
applied to the frequency indicator (electron-
ray tube) for visual indication of the fre-
quency limits of the signal. The constant
amplitude frequency shift signal from the

limiter is applied to the frequency discrimi- -

nator where amplitude variations are added
in proportion to the frequency shift of the
facsimile signal (fig. 3-18). The circuit is
normal-through from the output amplifier of
the CV-172 A/U through the AF and DC
Patch Cabinet to the Intersite link facility.
For testing purposes, a facsimile recorder is
employed at the Receiver Site and may be
patched into the circuit at the jack strip on
the faesimile monitor cabinet.

1500 ¢PS 12300 cps:
(8LACK) | (whiTE)

%

T0 CMT -4

YO RD-92/UX

Figure 3-13. Functional Block Diagram of the Facsimile Con
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¢. Facsimile Monitor Caebinet. The fac-
simile monitor cabinet contains an RD-92A/
UX facsimile recorder.

(1) The recorder is used to monitor the
outputs which go from the facsimile receiver
to the Relay Center. A jack strip is provided
in the fascimile monitor cabinet for monitor-
ing the outputs of up to five facsimile re-
ceiver cabinets, one circuit at a time.

(2) The facsimile recorder may also be
used to record maps, pictures, sketches,
printer text, or handwriting. The recorder
was designed primarily for recording black
and white copy. It records some half-tone
shadings, but these do not accurately repre-
sent the copy transmitted when the original
copy is a half-tone photograph or picture.
For this reason, the recorder is not recom-
mended for recording facsimile signals
transmitted from photographic copy.

3—-15. AN/FRR-502 Remote CW Receiver

a. The AN/FRR-502 Model FRR Receiver
(fig. 8-14) is a single-frequency communica-
tions receiver which covers the frequency
range from 2 to 32 mc by means of four
plug-in drawers which contain the first and
second RF, VFO, and mixer circuits. The
AN/FRR-502 is a 15-tube superheterodyne
receiver using single conversion throughout
its frequency range and an intermediate fre-
quency of 455 ke. The receiver may be op-
erated on internal VFO, crystal, or external
HFO.

b. Remote eontrol tuning of the HFO and
BFO is possible on a tone basis using a tone
self-regulating amplifier and an AN/FRA-~
501 Tone Demodulator. The output of the
AN/FRA-501 is DC, on the order of 0 to
plus or minus 3 volts. This voltage controls
the center frequency of the oscillator by
varying the output impedance of the reac-
tance modulator. It provides for plus or
minus 0.05 percent variation of the HFO
and plus or minus 0.5 percent variation of
the BFO. In other words, by remote control,
the frequency of an HFO operating at 10 mc
could be varied about 5 ke in either direction,
and a BFO frequency of 455 kc could be
varied about 2 ke in either direction.
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Figure 3—14. Functional Block Diagram of the AN/FRR—502 Receiver.

- ¢. In the event it becomes necessary to
operate a CW circuit by remote control, the
tone self-regulating amplifier and the AN/
FRA-501 will be used with the AN/FRR~
502 Receiver. The purpose of the amplifier
is to amplify the control tones used for re-
motely tuning the AN/FRR-502 Receivers.
Since tuning of the AN/FRR-502 Receivers
is accomplished by a change in amplitude of
the control tone, it is important that the out-
put of the amplifier remain constant, except
when it is desired to change the frequency
of the receiver. For this reason, a constant
amplitude pilot tone is also transmitted with
the control tones. The pilot tone is employed
to actuate the AGC (automatic gain control)
of the amplifier and to reduce amplitude
variations which are caused by fading. This
maintains the output of the amplifier con-
stant to within 1 db for a 10 db change in
amplitude of the pilot tone over the range
of 0 dbm to —30 dbm.

d. A composite signal containing all twelve
control tones plus the pilot tone may be
transmitted from the remote operator’s po-
sition to the receiver location. The twelve
control tones provide remote HFO and BFO
control for six receivers with one 'control

&4

tone for each control facility. A typical
AN/FRR-502 Receiver remote control cir-
cuit is shown in figure 8-15.

e. The composite signal at the output of
the tone self-regulating amplifier is applied
to selective input filters before proceeding to
the AN/FRA-501 Tone Demodulator. Two
filters are used to select the control tones
associated with the HFO and BFO of each
receiver. In the AN/FRA-501 Tone De-
modulator, each selected tone is amplified,
rectified, and mixed in a DC network. The
DC output voltage is proportional to the am-~
plitude of the associated incoming control
tone. Each DC voltage is then applied to a
reactance tube which allows the resonant
frequency of its associated oscillator (HFO
or BFO) to be controlled over a limited
range. The AN/FRA-~501 Tone Demodulator
is mounted on the rear of the receiver.

3-16. Single Sideband Receiving
Equipment

a. General. The R-369/FRC-10 Single
Sideband Receiver (WECO LD-R1) is de-
signed for reception of single sideband, re-
duced earrier signals in the range of 4 to 28

T

|
I



| June 1956 AACSM 100-6
RAC
e 4
ANT smnousel { BR. AMP CAB |
I2TONES PLUS i { }
PILOT TONE FROM i
REM. OR. POSITION I cA : | :g ;‘,'i?t,ﬁ”'
= _-—l ) |
] I
1 i ' 1 §
| DSENINT! COEeY. S R ———
o B o = | B Kol ot et e | o T T f o o
f y T T i 1
=] AF PAT
1 AF@DCPATCH | | T o s> i
i i 1 1 cAB |
i CAB R I !
I < - i ; t RF [ > ]
i < g ik 8 e AF !
= G =
) I
I ! : "I !
I S i J L___) _REPATCH cAB___ il i |
pm————————m e e e e e e e =
|
i < <
AF RF
{ [{
i
i AN/FRR~502 H
]
I HFO 8FO :
i
I TONE SELF
| REGAMP e
i
: AN/FRA-501 }
I I
i
| av
: b |
i AF i
i FILTER vV v |
| =1 |
{ REM CW CAB ]
L e e i o ot o S e i e s i s ki i oE
TO OTHER
Y FILTER INPUTS

Figure 3—15. Functional Block Diagram of the AN/FRR~502 Receiver Remote CW Control Circuit.

MC over long-distance point-to-point cir-
cuits. It is used primarily at the receiving
terminal of an LD type radio system in
which the single sideband, multi-channel sig-
nal is emitted by a WECO LD-T2 Transmit-
ter. The R-369/FRC-10 (WECO LD-R1)
Receiver may be used also as a replacement
for the D-99945 Radio Receiver (WECO
LC-R1) used in the LC type of system.
b. Description.

(1) The receiver is connected to a rhom-
bic antenna through a 72-ohm coaxial trans-
mission line and a rhombic antenna coupler

(RAC). When using the variable 1st beat-
ing oscillator, the receiver operates on any
frequency within its range of 4 to 28 mega-
cycles. When employing the crystal con-
trolled 1st beat frequency oscillator (BFO),
it operates on any one of 10 predetermined
frequencies. Facilities are provided for
mounting as many as 10 plug-in type crystal
units. A two-position switch divides the
total frequency range at the input of the re-
ceiver. The low range is from 4 to 10.3 MC,
and the high range is from 10.3 to 28 MC.
When receiving frequencies on the low

&5
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range, the first BFO frequency is above the
carrier frequency. When receiving frequen-
cies on the high range, the first BFO fre-
quency is below the carrier frequency.

(2) The incoming radio frequency is
transposed to the voice frequency range by
a triple demodulation process in which two
IF frequencies are used. In each of the two
voice-frequency bands is a voice-frequency
amplifier. Negative feedback is employed in

the voice-frequency amplifier to compensate:

for slow variations of the earrier. The out-
put volume is held to within plus or minus
0.75 db during slow carrier variations from
0 to 60 db above 1 microvolt.

(8) The receiver is capable of deliver-

ing two independent voice-frequency bands:

of 100 to 6000 cps each. When suitable equip-
ment for channel grouping is provided at the
control terminals, each band may be used
for a broadcast program channel, or each
may be used for several narrower channels
handling telephone, voice-frequency teletype-
writer, or facsimile signals.

(4) Two alarm lamps are provided to
indicate temporary loss of carrier (slow or
fast), and a lamp and buzzer alarm indicates
when the automatic frequency control
(AFC) motor has reached the end of its
travel. A fourth alarm lamp, normally
lighted, indicates loss of power to voice-
frequency amplifiers. Extra relay contacts
are provided for extending these alarm indi-
cations to a remote point, if desired. The
alarm buzzer and the alarm indicator lamps
are energized by a separate 6.3-volt winding
on one of the vacuum tube heater trans-
formers. _

(5) The receiver requires a primary
power source with a capacity of 500 watts,
a frequency of 50 to 60 cycles per second,
and an output voltage of 115 volts AC, plus
or minus 5 percent. Two regulated rectifiers
supply all the DC plate and grid bias power
required by the receiver. One of these recti-
fiers furnishes a positive 130 volts DC at 175
MA and a negative 130 volts DC at 30 MA.
The other rectifier delivers a positive 250
volts DC at 350 MA. Power for the heaters
of all vacuum tubes, except thgse in the regu-
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lated rectifiers, is supplied by 6.3-volt trans-
former windings. The primaries of the
transformers are separately fused. All power
circuits are adequately protected by fuses,
and safety panel switches provide protection
to operating personnel.

¢. Circuit Characteristics.
(1) Single Sideband Signal (fig. 83-186).

.Single sideband circuits are employed for

point-to-point communication between all
beltline stations and some tributary stations.
Frequently diversity transmission is em-
ployed for radio teletypewriter signals. In
normal transmission, each teletypewriter
cireuit requires two tones, one for mark and
the other for space, and the telegraph order
wire circuit requires one tone for on-off key-
ing. In frequency diversity transmission,
each circuit requires twice as much space in
the frequency spectrum as it does in normal
transmission. One telegraph order wire cir-
cuit and six teletypewriter circuits require a
total of 26 tones when frequency diversity
transmission is employed. When receiving
frequencies below 10.3 MC, channel “A” is
on the low side of the reduced carrier and
channel “B” is on the high side. When re-
ceiving frequencies above 10.3 MC, the situa-
tion is reversed, with channel “B” on the low
side of the reduced carrier and channel “A”
on the high side.

' (2) Single Sideband Circuit Path (fig.
8-17). The transmitted single sideband sig-
nal is received by one rhombic antenna, high-

~band or low-band, and carried by coaxial

cable to the RF Patch Cabinet. Either an-
tenna can be patched to the R-369/FRC-10
Single Sideband Receiver. A branching am-
plifier makes it possible to connect several
receivers to the same antenna. In this man-
ner, one set of high- and low-band antennas
can be used to receive single sideband, fac-
simile, and line-up signals from the same
station. The signal from the selected an-
tenna is applied to the single sideband re-
ceiver where it is detected. The two side-
bands are divided into two channels (“A”
and “B”) at the output of the receiver and
applied to the CMT-4. Two wide-band CMT-~
4 channels of 300 to 6600 cps, one for each
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Figure 3—16. Single Sideband Signal.

sideband channel, are needed to handle the
single sideband circuit. The signal is trans-
mitted to the Communications Relay Center
by means of Intersite link facilities.

(8) Single Sideband Frequency Conver-
sion Breakdown. The single sideband signal

consists of a reduced carrier frequency in
the range between 4 and 28 MC, and two in-
dependent sidebands, “A” and “B,” one or
each side of the earrier. Each sideband in:
cludes a band of frequencies approximatels
6 KC wide. The RF input signal is amplifiec

.y
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and applied to the first demodulator where
it is heterodyned with the output of the first
beat frequency oscillator (BFO-1) (fig. 3-
18). From 4 to 10.3 MC, the frequency of
the first BFO is 2.8 MC above the carrier
frequency. From 10.3 to 28 MC, the fre-
quency of the first BFO is 2.8 MC below
the carrier frequency. The frequency of the
first IF is the difference between the fre-
quency of the RF carrier and the frequency
of the first BFO, or 2.8 MC with the inde-
pendent sideband frequencies from 2.794 to
2.806 MC on either side. All other signals
are removed by filtering. Crystal control or
automatic frequency control maintains the
frequency of the first IF constant at 2.8 MC.
The output of the first IF is applied to the
second demodulator where it is heterodyned
with 2.7 MC from the second BFO. The fre-
quency of the second IF is the difference
between the frequency of the first IF and

68

the frequency of the second BFQ. This dif-
ference frequency is 100 KC, with the inde-
pendent sideband frequencies from 94 to
106 KC on either side. At this point, each
sideband is separated from the second IF
by filters and applied to its particular chan-
nel, “A” or “B.” The second IF carrier fre-
quency of 100 KC is amplified and used first
as the injection frequency for the third de-
modulator in each channel and is rectified
and filtered. The resultant DC voltage is used
for automatic volume control (AVC). The
channel “A” sideband (94.0 to 99.9 KC) is
heterodyned with 100 KC in demodulator 3A,
and the channel “B” sideband (100.1 to 106.0
KC) is heterodyned with 100 KC in demodu-
lator 3B. In this final demodulation process,
all that remains in each channel is the origi-
nal modulation frequencies between 100 and
6000 cps. :

d.-Line-up Receiver. Line-up receivers are

(M
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provided to check the usability of a new fre-
quency before stopping traffic on a working
circuit to make a frequency change. One di-
versity cabinet is supplied with each single
gideband circuit for line-up purposes.

3-17. R-389/URR Low-Frequency
Receiver

R-389/URR Low-Frequency Radio Re-
ceiver (fig. 3-19) is a stable, general-purpose
receiver for use in fixed and mobile service.
The receiver provides reception of radio-
telegraph, voice, and frequency-shift keyed
signals within a frequency range of 15 to
1500 KC. It is of unitized construction with
the RF section, IF section, AF section, and
power supply circuits situated on individual
removable subchassis. These subchassis can
be removed readily with ordinary hand tools
for checking and repair in a minimum of
time.

a. Receiver Characteristics. At the re-
ceiver, the carrier frequency undergoes
double conversion, with the first IF at 10
MC and the second IF at 455 KC. All operat-
ing controls are located on the front panel.
The frequency to which the receiver is tuned
is indicated on counters within the dial
escutcheon.

(1) The output frequency of the VFO
(470 to 1955 KC) and the output frequency
of the local erystal oscillator (10.455 MC)
are applied to the injection mixer where
they are heterodyned to produce the neces-
sary injection frequency signal (8.5 to 9.985
MC) for the first mixer.

(2) The low frequency RF input signal
(15 to 1500 KC) is amplified and applied to
the first mixer. In the mixer, the signal is
heterodyned with the signal from the in-
jection mixer to produce the first conversion
frequency of 10 MC, which is the sum of the
frequencies.

(3) The 10 MC signal is applied to the
second mixer where it is heterodyned with
the 10.455 MC signal from the crystal os-
cillator to produce the final conversion fre-
quency of 455 KC, which is the difference be-
tween the two frequencies.

(4) A crystal filter which provides band
widths of 100 or 1000 cps allows the receiver

AACSM 1006

to reject adjacent signals which would inter-
fere with the desired carrier.

(5) The BFO signal is heterodyned with
the IF signal to produce the audio beat note
necessary for reception of frequency-shift
signals and on-off teletypewriter signals. The
AGC circuits maintain the output of the re-
ceiver at a constant level, even under severe
variations of signal strength.

(6) The limiter circuit removes any
amplitude variations present at the output
which are greater than the desired signal.

(7) The squelch circuit eliminates noise
signals in the output of the audio amplifie:
when signals are not being received or wher
the signal level of the desired carrier is toc
low for useful reception.

(8) Power circuits provide regulated E
plus voltage to all stages, heater voltages t
the filaments of all tubes, AC voltage for
oven heaters and the tuning motor, and D(
voltages to operate relay circuits.

b. Circuit Characteristics (fig. 3-20). Th
low-frequency signal arrives at the long-wir
Beverage antenna and is matched to th
coaxial cable by means of the Beverage an
tenna coupler (BAC). At the RF Patc]
Cabinet, the signal is patched to the L]
cabinet. The branching amplifier is not use
with the low-frequency receiver, because it
frequency range does mot cover the low
frequency band (15-1500 KC).

(1) When receiving MUX or RTTY, th
output of the R-389/URR Low-Frequenc
Receiver is applied to the CV-89 Frequenc
Shift Converter. The audio frequency shif
information is converted to 60 MA on-off D
pulses to operate the VFTG keyer.

(2) When receiving on-off RTTY, tt
output of the R-389/URR Low-Frequenc
Receiver is applied to the SFO-2 Regener:
tive Repeater.

c. SFO-2 Regenerative Repeater. Tl
SFO-2 Regenerative Repeater is specifical
designed to correct for bias distortion
teletypewriter signals. At the input, it a
cepts on-off audio teletypewriter signa
(also polar or meutral DC signals) havir
up to 45 percent bias distortion, and rege
erates the signal to have not more than

7
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percent distortion at the output. Regenera-
tion within the SFO-2 is accomplished by
sampling the center of each teletypewriter
pulse. If the sampling pulse coincides with
a mark, the circuit operates to produce a
regenerated mark at the output. If the sam-
pling coincides with a space, the circuit op-
erates to produce a regenerated space at the
output. The output circuit consists of a one-
shot multivibrator operating a mechanical
relay in the 60 MA loop to the VEFTG keyer.
3-18. Forward Scatter

a. The Forward Scatter receiving system
is similar to conventional radio teletype-
writer systems to the extent that frequency
shift keying and diversity reception are em-
ployed.

b. The receiving equipment is fixed-tuned
to the forward scatter signal and is arranged
for dual space-diversity operation. Two in-
dependent receiving antennas are used, and
the receiver converter selects the stronger
signal (fig. 8-21). The output of the re-

ceiver is sent from the Receiver Site ove
Intersite facilities to the Communication
Relay Center where it operates teletype
writer terminal equipment.

¢. The FSK-II system is designed to allo
for moderate Doppler shifts without ac
versely affecting reception, and to functio
properly with sudden variations in sign:
strength as great as 80 decibels. The FSK
11 equipment is contained in six standax
racks (fig. 3-22).

- s

i
Fsk | Fsk Fsc | orsk | wver oL
MONITOR
o = NITOR)| OISTT, oy z | uw | ois

e vy i e

Figure 3-22. FSK-{l Equipment Line-up.

(1) The Monitor Rack contains the fc
lowing equipment:
(a) MUX synchro unit.
(b) Monitor switching unit.
(c) Oscilloscope.
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(d) Signal generator.

(e) Tunable receiver.

(f) Recorder.

(g} Recording amplifier.

(2) The Distribution Rack contains the
following equipment:

(a) Power distribution panel.

{(b) AF and DC jack panels.

(¢) Antenna monitor.

(d) DC jack panel.

(e) Two distribution amplifiers.

(8) There are four FSK-II receiver
racks (two in use and two spares). At loca-
tions where there are no Globecom Intersite
facilities available, two additional racks are
added to supply a VHF link facility:

(a) The Intersite link rack contains
two VHF link transmitters (one in use and
one spare).

(b) The link distribution rack con-
tains the power distribution panels, audio
and DC patch pahels, and two tone-keyers
(one in use and one spare).

(4) The transmission line used is the
RG-18/AU coaxial cable for runs up to 200
feet. For runs in excess of 200 feet, line
losses are compensated for by using RG-
8/AU coaxial cable and a preamplifier at the
antenna. . :

3-19. CW Intercept

a. The CW Intercept Position is partially
mclosed on two sides by sound absorbent
vall sections which extend up to the over-
1ead cable racks. These wall sections not
mly reduce the ambient noise level in each
stall, but they also provide a degree of isola-
ion by blocking off distracting activities
‘rom the view of the operator.

b. CW weather broadcasts are scheduled
or certain periods of time during which a
ocal operator types the message as it comes
n. As the signal comes in, the operator
ypes it on the keyboard of an M-28 tele-
ypewriter printer. The M—28 printer makes
n original copy of the message as it is
eing typed and simultaneously sends the
ame message to another teletypewriter at
he Base Weather Center (fig. 3-23). The
utput of the M-28 printer is applied to the
TFTG keyer where it is converted to fre-
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quency shift tones. The message is sent over
Intersite facilities to the Communications
Relay Center, from which it is sent by land-
line to the Base Weather Center.

c. A metal duct which is mounted on the
side of the CW Intercept Cabinet contains
the necessary wiring and receptacles for
plugging in the M-28 printer to relay inter-
cepted weather information.

d. The operator may listen to the Number
1 receiver output on his headset or combine
both Number 1 and Number 2 receiver out-
puts by the use of a selector key. The loud-
speaker panel in the receiver cabinet allows
the operator to monitor the band without
having to wear the headset between sched-
uled broadcasts. Each loudspeaker has its
own attenuator control and disabling switch.

3-20. Air-Ground Reception

a. The Air-Ground Cabinet contains one
SP-600-JX-17 Receiver for each air-ground
voice channel, with a maximum of three re-
ceivers per cabinet. The cabinet also con-
tains an LS-139/G loudspeaker panel for
monitoring the output of each receiver, and
two jack strips to provide the necessary
patehing funections.

b. The Air-Ground Room, where operators
handle all air-ground radio traffic, is usually
located at the Communications Relay Center.
The Air-Ground Room is described in Part
Five.

¢. The signal arriving at the discone an-
tenna is matched to the coaxial cable by the
discone antenna coupler (DAC). Its wide
frequency range and omnmi-directional azi-
muth coverage make the discone antenna
especially useful in the air-ground ecircuit.
Figure 3-24 shows the air-ground receiving
circuit functional block diagram. The con-
nector adapter in the antenna entrance
house adapts the outside coaxial cable to the
inside coaxial cable. At the RF Patch Cabi-
net, the signal is patched to the receiver
cabinet through the branching amplifier. In
the SP-600-JX~-17 Receiver, the desired air-
ground channel is selected, amplified, and
detected. The audio output may be moni-
tored at the received cabinet by patching one
of the L.S-139/G Speakers into the monitor
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jacks on the test strip. The audio output is
reduced to the correct level by the audio pad
and continues normal-through at the AF &
DC Patch Cabinet to the CMT—4 multiplex
equipment. Each air-ground channel re-
quires one narrow band CMT—4 channel.

d. Figure 8-25 shows the air-ground moni-
tor patch schematic diagram. The audio pad

AACSM 1006

provides a high output to the loudspeaker
and at the same time provides a reduced out-
put to the AF and DC Patch Cabinet.

e. Figure 3-26 shows a simplified block
diagram of a 10-channel air-ground circuit.
Twelve receivers are needed, 10 in use and
two spares. One spare receiver is required
for each six channels or fraction thereof.

FROM
SP-600~
JX-i7

33000

TO AF 8 DC
PATCH

DISCONE

Figure 3-25. Schematic Diagram of an Air-Ground Monitor Patch.

8R
AmP

SP-600

SP-600

DISCONE

N\

I
I
' LS-139/6
|

SPKR
&z

RS Tt

e s I

CMT-4 CLR-8

SP-600 /|

B8R
AMP

' $P-600

o]

SP-600

Figure 3-26. Simplified Block Diagram of the Air-Ground Receiving Circuit.
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Section Ill. AUDIO FREQUENCY EQUIPMENT

3-21. Miscellaneous Equipment Cabinet

The Miscellaneous Equipment Cabinet is
located adjacent to the AF and DC Patch
Cabinet. It contains the CST-2 Telephone
Signaling and Termination Unit, keys for
selecting diversity cabinets, an oscilloscope,
ind other miscellaneous test equipment.

a. The CST-2 Telephone Signaling and
Permination Unit is designed for use in
'onjunction with microwave multiplex equip-
nent. It provides for the transmission of
wrmal - dial or ring-down signaling and
erminates the 4-wire multiplex ecircuit into
 normal 2-wire telephone circuit. The lower
rand pass characteristics (300 cps) of the
aultiplex equipment will not accommodate
he 20 cps pulses used in telephone signaling.
'he CST-2 provides for 3.5 KC signaling
hrough the microwave link and conversion
D> a 20 cps ringing signal at the receiving
nd. The 4-wire termination is accomplished
arough the use of a hybrid coil and compro-
lise balancing network which converts the
-wire audio terminal equipment to a 2-wire
slephone circuit, and provides the necessary
iolation between the strong outgoing sig-
als and the weak incoming signals.

b. From this cabinet position, an operator
ay select the output from either the high
* low diversity cabinet by turning a key
. the jack strip. Indicator light installed in
e jack strip indicates the diversity cabinet
at is in use (see figure 38-10).

¢. The oscilloscope is used for monitoring
ave forms of signals in lines connected
rough the AF and DC Patch Cabinet.

d. The miscellaneous equipment cabinet is
uipped with an FN-28/G Switchboard
elf. An AM-43C/FRC Dual-Channel
nplifier is designed to amplify simultane-
sly two voice-frequency signals in the fre-
ency range of 300 to 10,000 cps. The unit

intended primarily to boost the low-level
tgoing audio-frequency telephone signals
ym the CST-2. The telephone panel and

se panel contain relays and resistors in

: telephone cirenits. The 20 cps ringing

rrent supply provides ringing current for

: telephone ringer circuit.

3-22. AF and DC Patch Cabinet

a. The AF and DC Patch Cabinet (fig.
3-27) is the distribution point for audio and
DC wiring between equipment cabinets in
the Equipment Room, between Equipment
Room and Microwave Room, and between
Equipment Room and the entrance point of
external cabling to the Communications Re-
lay Center,

METER PANEL

7

AF. JACK ASS'Y

J

j AF TRUNK ASS'Y

D AF 8 DC MULT ASS'Y

DC JACK ass'y

Plofofoiminje|x|cxiriz|z|v|o]nle|<ic|<
bmnom-ne::nxl'zzvenm-qc<

FN-28/6

[} ] SWITCHBOARD SHEL¥

Figure 3-27. AF and DC Paich Cabinei:.

b. Patching between circuit jacks permits
flexible use of equipment when other than
normal-through circuit operation is required.
All circuit jacks are wired for normal-

9,
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through operation which does not require
patchcords.

¢. Jacks are provided for audio and DC
circuits, audio and DC trunks, monitoring,
audio and DC muiltiple patching, and for
matching circuit impedance through repeater
coils and bridging transformers. A VU meter
is installed on the panel to measure audio
levels on lines, and a DC milliammeter is in-
stalled on the panel to measure line currents.
Circuits can be monitored without interfer-

b WECO 218-4 JALK
wECD 223-A JACK
GROUNDED SLEEVES

WECO 241-C A7
’;’ PATON PLUG
&
&

WECQ 239-A Jack
UN-GROUNDED SLEEVES

Figure 3-28. AF and DC Paich Plugs.
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ing with the circuit operation. AF and DC
patch plugs are shown in figure 3-28.

3-23. VFTG Cabinets
a. Voice frequency telegraph (VFTG)

tone keyers are used with multi-channe!
communications equipment to provide the
terminal equipment operating over the Inter
gite link facility. One VFTG cabinet wil
accommodate up to 12 VFTG tone keyer:
(six dual-channel units). Each tone keye:
is completely self contained, including powel
supply. By changing the plug-in network
the keyer will operate on any of the standar
tone channels.

b. Mark-space signals in the form of on
off 60 MA DC pulses from the comparato
are converted in the VFTG tone keyer t
two frequency-shift audio tones, one fo
mark and one for space. A straight radi
teletypewriter signal can be handled by .
narrow-band VFTG unit which produces
frequency shift of plus and minus 42.5 ¢ps
but a multiplex radio teletypewriter sign:
requires a wide-band VFTG unit which pr¢
duces a frequency shift of plus and minu
120 cps.

¢. The outputs of the VFTG’s are con
bined in frequency division multiplex an
applied to one of 24 voice bands in the CMT
4. Due to the channel spacing and outpt
band width of the keyer, one voice band |
the CMT-4 will accommodate up to 12 na
row-band keyer outputs or three wide-bar
keyer outputs.

d. All 24 voice bands in the CMT-4 a
combined in time division multiplex ar
applied to the CLR-6 for microwave tran
mission to the Communications Relay Cente
The frequency-shift audio tones from t!
VFTG keyer are converted to DC signals ]
the VFTG converter at the Communicatio
Relay Center to operate teletypewriter te
minal equipment. VFTG equipment is e
plained in greater detail in Part Seven,

Section IV. POWER SUPPLY EQUIPMENT

3-24. Type IE-5105 Voltage Regulator

a. The voltage regulator (VR) cabinet
contains two AC voltage regulators, one op-

erating and one spare. The regulated 4
output voltage is adjustable from 110 to 1
volts and is used to operate the variab



AACSM 100-6

frequency master oscillators. One regulator
is capable of supplying primary power to
three cabinets of VFOQ’s.

b. The output voltage does not vary more
than plus or minus 0.25 volt from the estab-
lished voltage during changes in line voltage
from 95 to 135 volts AC, during changes in
frequency from 55 to 65 cps, or during
changes in load from 0 to 5 kilovolt-amperes.

c. Additional items installed in the VR
cabinet include the following :

(1) A meter panel for monitoring each
phase of the station primary voltage and the
single phase of the regulated AC output
voltage.

(2) Circuit breakers in the lines to
7ariable-frequency master oscillator cabinets.

(3) A switch for selecting power
rom either voltage regulator and for inter-
‘upting power from both regulators.

}—25. Local Battery Cabinet

a. The local battery cabinet furnishes DC
'oltage and current for 60 MA teletype-
vriter loops, clock circuits (where applica-
le), microwave control circuits, and test
ircuits in the screened room.
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b. There are three sizes available in recti-
fier units: the 1.7-ampere unit, the 8-ampere
unit, and the 8-ampere unit. The 1.7 ampere
unit will furnish about 60 outputs, and the
8-ampere unit will furnish about 120 out-
puts. The number of outputs in the station
determines the rectifier unit to be used. The
output bus is set for 130 volts DC. Each
output is fused at the local battery cabinet
by a heat coil and is terminated at a terminal
strip in the AF & DC Patch Cabinet. Cross-
connections are made from the terminal strip
to circuits requiring loeal battery voltage.

c. Heat coil panels hold the WE 74-F Heat
Coils. When a circuit becomes overloaded,
its heat coil opens and causes the alarm
circuit to operate. The alarm panel buzzer
circuit gets its power from the 24-volt trans-
former which is mounted on the transformer
panel. The local battery cabinet contains 2
rectifiers, one in use and the other in stand-
by condition. When the rectifier in use fails,
the one in the stand-by condition is manually
or automatically switched over to supply the
required power. The automatic change-over
process is controlled from the power control
panel which is installed in the cabinet,

Section V. TEST EQUIPMENT

~26. Teletypewriter Test Dolly

a. Each receiver station is equipped with
teletypewriter test dolly. An M-19 tele-
ypewriter is mounted on the top of the
agon, and the power source is mounted on
1e shelf below.

b. The teletypewriter can be used to moni-
r working circuits or to check the operating
1aracteristics of teletypewriter receiving
juipment. When it is connected in series
ith a working cirecuit, it utilizes the 60 MA
op current from the circuit to operate its
lays. When it is employed as a terminal
letypewriter, it supplies its own 60 MA
op current.

-27. Mobile Test Dolly

a. Each receiver station is equipped with a
obile Test Dolly (see figure 3-29). This

dolly consists of a Bud Radio Cabinet num-
ber 1780-G mounted on casters.

b. The cabinet contains an RF signal gen-
erator, a frequency counter, an audio oscil-
lator, a volume indicator, a noise and distor-
tion meter, and an oscilloscope.

c. All tests called for in the Operational
Testing Instructions book (OTI) can be per-
formed with the Mobile Test Dolly. It may
be used in check-out procedures, line-level
checks, RF and AF frequency checks, re-
ceiver alignment, and over-all performance
checks.

3-28. Screened Room

a. The Screened Room contains a work
bench, rack-mounted test equipment, and
patching facilities. The work bench pro-
vides the necessary space to perform tests
and maintenance on equipment removed to
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Figure 3-29. Mobile Test Dolly.

the screen room. A double copper mesh
screen completely encompasses the room on
all sides to prevent extraneous signals from
interfering with any equipment tests. Signal
and power cabling are run through conduit
to their respective terminations.

b. Test Rack Number 1 contains a speaker
panel, an SP-600-JX~17 Receiver, an oscillo-
scope, a noise and distortion meter, an audio
frequency meter, and a switchboard shelf.

¢. Test Rack Number 2 contains a volume
indicator, a frequency-shift keyer with power
supply, a variable-frequency master oscilla-
tor, a dual-channel audio amplifier, an audio
oscillator, a switchboard shelf, repeater coils,
and bridging transformers.

4. In addition to the rack mounted equip-
ment, the screened room contains an RF
attenuator box, five jack strips for patching
between external and internal equipment,
and a transmitter-distributor (TD). The TD
is used with the frequency shift keyer and
variable-frequency master oscillator to fur-
nish a signal for diversity cabinet check-out.
The screened room also contains an RF fre-
quency meter mounted on a table.

3-29. Tributary Test Cabinet
The Tributary Test Cabinet contains test

AACSM 100-6

equipment necessary for maintenance of the
radio equipment. This cabinet is installed
when no screened room exists at the Re-
ceiver Site. The Tributary Test Cabinet con-
tains an HF receiver, an RF frequency
meter, an AF frequency meter and an audio
oscillator, an oscilloscope, a speaker panel,
and two jack strips. The jack strips provide
the necessary patching functions between
equipment and test instruments.

3-30. Clock System

a. The clock system at the Receiver Site
includes a series of slave clocks which are
synchronized by a sub-master clock every
hour on the hour. A lamp located on eact
clock face glows when the synchronizing
pulse is received.

b. The sub-master clock is synchronizec
with the time signal from WWV at fifteer
minutes after the hour. The time signal i
received by the SP-600-JX-17 Receiver i1
the monitor cabinet. The synchronizing but
ton, located on the monitor cabinet, closes
relay, when depressed, and energizes th
clock setting magnet in the sub-master clock
With the setting magnet energized, the sec
ond hand is positioned to zero and helc
and the minute hand is positioned to 1.
minutes after the hour and held, when th
synchronizing button is released at the stax
of the time signal from WWYV, the rela
opens to de-energize the clock getting mag
net, and the released second and minut
hands start from the corrected position.

¢. Bach clock is driven by a spring motc
which is electrically wound each hour. Whe
the automatic winding contacts in the cloc
motor close, power from two dry cells -
applied to the spring motor. Manual windin
contacts are also provided.

d. At scheduled times, or upon reque
from the Communications Relay Center, tl
WWYV time signal is patched from the SE
600—JX~17 Receiver in the monitor cabin
to the Time Service Channel on the AF ar
DC Patch Panel and sent to the Relay Ce
ter to synchronize the master clock. TI
master clock supplies pulses for synchroni
ing the sub-master clock at the Transmitt
Site.

L
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PART FOUR
TRANSMITTER SITE

Chapter |

INTRODUCTION

—

4-1. Purpose

The purpose of this section of the manual
is to present a typical Globecom transmitter
station and to describe the equipment and its
application, and techniques employed in the
various types of radio circuitry used.

4-2. Policy

Due to varying operational circuit require-
ments, Transmitter Sites are seldom identical
in either size or equipment complement.
Equipment arrangement and installation con-
forms as closely as possible to the basic
engineering principles of maintaining stand-
ard installations, insofar as local conditions
permit. The information contained herein
reflects the current engineering policy for
the selection, installation, and application of
all Globecom transmitter facilities.

4-3. Scope

This part of the manual covers the aspects
of radio transmission in the Globecom sys-
tem and the association of transmitting
equipment. Engineering plans for the Globe-
com system have been revised many times
as a result of additional operating experience
and changes in operational concepts. The
overall operation currently utilizes many

types of equipment to provide the facilities
required. Some items of equipment now used
found frequent use in past operations of the
Airways and Air Communications Service
(AACS), whereas others are appearing ir
AACS for the first time as a result of operat
ing requirements encountered in the planning
of the Globecom system. Chapter 2 contain:
brief descriptions of the items of equipmen
currently provided to implement Globecon
transmitting station facilities. The basit
principles of equipment operation are ex
plained and illustrated, and peculiarities 11
operation of the equipment within Globecon
are noted. A general discussion of the poli
cies regarding transmitter buildings an
equipment allocation and installation is give:
in Chapter 3. To facilitate a better undex
standing of the application of equipment,
hypothetical transmitting station is presente
in Chapter 4. The circuitry explained is reg
resentative of the types of circuits used i
Globecom. The text is informative in natur
and reflects the engineering concept of th
Transmitter Site components of the systen
Information on power, applicable to th
Transmitter Site, is presented in Part Si
of this manual. Intersite communicatior
and terminal equipment are covered in Pa
Seven.
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Chapter 2

EQUIPMENT

Section I. TRANSMITTERS

4—4. T-265/FRC-10B and
T-409/FRC-30 Transmitters

a. General.

(1) The T-265/FRC-10B and T-409/
FRC-30 are similar items of equipment,
sither of which is known as the LD-T2
I'ransmitter. Both transmitters are designed
‘or long-distance radio communications and
liffer only in the respective ranges covered.
Model T-265 covers the frequency range of
L to 23 MC, and Model T-409 covers the fre-
[uency range of 4.5 to 28 MC. The transmit-
ers are intended primarily for use in ecir-
wits employing the multi-channel single
ideband type of transmission and normally
adiate two independent sidebands and a
educed carrier, sometimes referred to as
‘twin-channel single sideband.” The trans-
nitters are also capable of conventional
ouble sideband transmission.

(2) The LD-T2 transmitters will accept
wo independent audio signal bands, each
rithin the range of 100 to 6000 cps. Each
ignal is converted and appears as either the
pper or lower sideband in the RF output
f the transmitters. The two signal circuits
12y be used as separate voice channels, or
ley may be used with terminal equipment
r simultaneous transmission of several
arrow-band telephone signals, voice fre-
lency multiplex teletypewriter signals, or
iesimile signals. A load control device in
le transmitter controls the gain at a point
hich follows the first modulation process
' prevent overloads and to allow utilization
" the full peak power of the transmitter,
:gardless of the number of channels in use.

(3) Each transmitter consists of eight-
een separate units, all housed in a single
floor-supported cabinet. The cabinet is ap-
proximately 7 feet tall and requires a floor
space of approximately 7 feet by 4 feet. The
transmitter produces a peak RF output of
4 KW when operated as a single sideband
transmitter, and its nominal output is 1 KW
when operated as a double sideband trans-
mitter.

(4) An X-75153 Distortion Measuring
Cabinet is associated with each LD-T2
Transmitter. The cabinet contains equipment
which is used to make distortion measure-
ments and tests of transmitter functions, and
amplifiers and equalizers which are used in
conjunction with audio input lines. The dis-
tortion measuring cabinet is approximately
7 feet tall, 22 inches wide, and 17 inches
deep. It is normally installed adjacent to
the transmitter.

b. Principles of Operation.

(1) A functional block diagram of an
LD-T2 Transmitter is presented in figure
4-1. To illustrate the methods used to modu-
late these transmitters, a frequency block
diagram for the T-409 is shown in figure
4-2. Four channels of speech input are as-
sumed in the latter diagram: Channels A1l
and A2 in Group A, and B1 and B2 in Group
B. Group A audio signal input channels are
fed into Low Frequency Modulator 1. With-
in the balanced modulator, a 100 KC carrier
is combined with the audio signals to produce
two sidebands, one above and one below the
100 KC carrier. The upper sideband is se-
lected by a erystal filter having band pass

O
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quency is received from the same 100 ki
oscillator that supplies LF MOD 1. In thi
case, however, the lower sideband is selecte
by another crystal filter having band pas
characteristics of the pertinent band-pas
filter block in figure 4-2.

(8) The two sidebands, 94 to 99.9 K¢
and 100.1 to 106 KC, are then combined 1
a hybrid coil and fed into a load contr
amplifier. Following the load control ampl
fier is a combining amplifier which is a
ranged to reinsert the 100 KC carrier @
reduced level between the two sideband:
At this point, the carrier is essentially modt
lated by two audio signals, each independer
of the other.

(4) The combined signals from tk
combining amplifier are fed to the Mediu
Frequency Modulator where they are mixe
with a 2.7 MC signal supplied from anothe
oscillator. Two new sidebands are create
in this modulator, each containing the tw
original sidebands. By means of a series
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amplifiers and band pass filters, only the
upper sideband is selected from the output
of this modulator. The result is a signal
having a 2.8 MC carrier bearing the Group
A sideband above the carrier, and the
Group B sideband below the carrier.

(5) The foregoing signal, centered
around the 2.8 MC ecarrier, is fed into the
High Frequency Modulator where it is com-
bined with a conversion frequency of from
7.3 MC to 25.2 MC. The output of the HF
MOD consists of two sideband groups sym-
metrically placed about the final conversion
frequency. At 2.8 MC above the final con-
version frequency a new carrier frequency
is centered in the upper sideband of the HF
MOD. This new carrier frequency has the
same relationship to channels A1, A2, B1,
and B2 as the 100 ke carrier frequency had
at the input of the MF MOD. At 2.8 MC
below the final conversion frequency another
new carrier frequency is centered in the
lower sideband. Within this sideband, the
channels ‘A1, A2, B1 and B2 are in an in-
verted position with respect to the upper
sideband. Both of these sidebands are suit-
ible for amplification and transmission, but
nly one is finally transmitted.

(6) For operation on a frequency below
0 me, the lower sideband is selected. For
)peration on a frequency above 10 MC, the
Ipper sideband is selected. Selection of the
roper sideband from the output of the HF
AIOD is effected by a six-stage final fre-
(uency amplifier. The diserimination pre-
ented by these amplifiers eliminates the
esidual conversion frequency and the re-
ected sideband output of the final modulator.

c. Globecom Application.

(1) In the Globecom system, one-half
f the total available band of 12 KC is used
or the transmission of six teletypewriter
ignals. The teletypewriter signals are multi-
lexed at the associated terminal equipment
y a frequency division system and are sent
> the transmitter as twenty-six different
udio tones. Two of the twenty-six tones
re available for a manual telegraph (CW).
ircuit. Normal and diversity mark and
pace frequencies for each teletypewriter
nannel are transmitted to overcome selective

5
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fading of the signals at the receiving sta-
tion. The thirteen normal tones lie within
the frequency range of 425 to 2465 eps and
are usually transmitted on the Al channel.
The thirteen diversity tones lie within the
frequency range of 2805 to 4845 eps and are
usually transmitted on the A2 channel.

(2) A telephone circuit is provided in
the upper channel of the B-group sideband.
The remaining 8 KC channel can be used to
provide an additional facility if required.

4-5. Transmitting Power Amplifier

a. General.

(1) The Transmitting Power Amplifier
(TPA) is designed for installation as a fixed
facility to provide for the amplification and
transmission of high-power RF signals. The
equipment consists of three major units:
the RF amplifier, a power supply, and a
water cooling system. The amplifier and
power supply require a floor area of approx-
imately 14 feet by 8 feet, and 21 feet by 8
feet respectively.

(2) This equipment is designed to amp-
lify signals within the frequency range of
4 to 22 MC. For Class “B” operation, the
amplifier will deliver 50 KW peak envelope
RF power to a properly terminated 600-ohm
transmission line. An external exciter capa-
ble of delivering 2 KW peak RF power into
the 200-ohm input circuit is required. When
operating in the Class “C” region, with
either on-off excitation or frequency shift
keyed continuous wave, the amplifier ean
deliver an average power output of 50 KW.
From 1 to 5 KW RF excitation into the bal-
anced 600-ohm input cireuit is required.

b. Principles of Operation.

(1) A simplified schematic diagram of
the TPA is shown in figure 4-8. Link coup-
ling is emploved to match the input impe-
dance of the RF amplifier tubes to the signal
source. The link is capable of efficient trans-
fer of energy over the range of 4 to 22 MC.
The tracking of an optimum impedance
match is made possible by the physical de-
sign of the link,

(2) The amplifier tubes are operated in
a tuned-grid, tuned-plate, push-pull circuit.
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Figure 4-3. Simplified Schematic Diagram of the Transmitting Power Amplifier [TPA].

A conventional type two-wire, short-circuited
quarter-wave length line is used as the pri-
mary portion in an inductively coupled out-
put network. To prevent operational insta-
bility of the amplifier and possible reaction
in the exciter unit, cross neutralization of
the amplifier tubes is employed.

(3) Heat generated in the RF amplifier
tubes is dissipated by the water cooling
system. Removal of the heat is accomplished
by continuous circulation of the cooling
water through a specially designed plumbing
system. The plumbing system includes two
bronze water jackets which surround the
anode of each tube. These jackets also pro-
vide the mechanical support required by the
large amplifier tubes. Heat carried away
from the amplifier tubes by the water is
released to the atmosphere through cooling
radiators. ‘

c. Globecom Application. The TPA is cur-
rently utilized in the single sideband circuits.
The amplifier is excited by a single sideband

signal from the LD-T2 Transmitter, and is
operated as a Class “B” amplifier into a
rhombie antenna to provide 50 KW peak en-
velope RF power for long-distance communi-
cations. Generally, these amplifiers are
employed in the single sideband beltline cir-
cuits. The equipment is also used to amplify
a signal from a line-up transmitter that is
usually associated with the single sideband
facilities. Provisions are made for switching
the amplifier to either the line-up transmitter
or the LD-T2 Transmitter.

4-6, MW Transmitter

a. General.

(1) The MW Transmitter is designed
for use in a fixed transmitting station to
provide the facilities for point-to-point, air-
ground, and similar circuits. It is especially
adapted to stations requiring either simul-
taneous or intermittent use of several differ-
ent frequencies. A typical combination of

87
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the units that comprise a transmitting facil-
ity includes three RF units, one modulator,
and one rectifier. Provisions are made for

the installation of a total of three RF units

and three modulator units so that various
combinations of these units may be assembled
and inter-connected to perform a number of
functions. :

(2) This equipment provides either con-
tinuous wave or amplitude modulated wave
emission. ‘On-off or frequency-shift keying
may be employed. Within the frequency
range of 2 to 30 MC it will provide an RF
power output of 2.5 KW for amplitude modu-
lated operation, or 8 KW for continuous
wave operation. The modulator is capable of
100 percent modulation of the 2.5 KW RF
carrier. Automatic gain control and peak
limiting provides a high level of average
modulation percentage without over-modu-
lation on input signal peaks.

(3) An external exciter having a power
output of about one watt within the fre-
quency range of 2 to 4.5 MC is required to
generate the initial RF signal for each MW
RF unit. The transmitter amplifies the ex-
citer signal and multlphes the frequency as
necessary to obtain the desired transmitting
frequency..

(4) Each of the major units is 6 feet
high and 2 feet deep. . The rectifier is 2 feet
wide, and the modulator and RF unit are
each 1 foot wide. ‘A 5.25-inch control panel
designed for installation in a standard 19-
inch rack also is provided. The control unit
consists of a bank of switches for centrally
controlling the basice units of an MW trans—
mitter installation. -

- b.: Principles of Operation.

(1) The functional operation of the
MW transmitter components is illustrated in
figure 4-4. The RF unit contains an inter-
mediate power amplifier (IPA) and a power
amplifier (PA) stage. The RF signal from
the exciter is fed to the 1st voltage amplifier.
The output of this amplifier is fed to the 1st
frequency multiplier which operates as either
a straight-through amplifier, doubler, or
tripler. For operation on frequencies below
10 MC, the output of the 1st multiplier is
fed directly to the driver. For operation on

88
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frequencies above 10 MC, the signal is fed
into the 2nd multiplier which operates as
either a doubler or tripler stage. The output
of either multiplier is fed to the IPA stage
and from the IPA through a coaxial line to
the PA stage. Electronic keying of the RF
unit is accomplished at the input stage
through the keyer tube. A switch is also
provided for “Local” keying of the trans-
mitter.

(2) The modulator consists basically of
four balanced (push-pull) amplifier stages.
The audio input is transformer-coupled from
a 600-ohm balanced line to the 1st voltage
amplifier. The automatic gain control (AGC)
circuit associated with the first amplifier is
provided to maintain a high level of modu-
lation. This AGC circuit provides up to 20
db adjustable volume compression. With
proper adjustments, it tends to hold the
average output signal amplitude from the
1st amplifier at a level sufficient to attain
close to 100 percent modulation. A modula-
tion peak limiter circuit is provided between
the 2nd amplifier and the driver stage to

prevent over-modulation. This cireuit limits,

at an adjustable set value, signal peaks on
the grids of the driver stage. When the sig-
nal drops below the set value, the peak lim-
iter ceases to operate. For voice operation,
the output of the modulator is switched in
series with the RF power amplifier high-
voltage supply by a relay actuated by the
controls on the MW control panel.
c. Globecom Application.

(1) The MW Transmitter is the pri-
mary transmitter employed in the Globecom
System to provide the facilities for double
sideband high-frequency circuits. For point-
to-point and broadecast circuits, a 83-1-1 com-
bination (8 RF units, 1 modulator, and 1
rectifier) is provided. For air-ground voice
operation, a 3-3—1 combination (3 RF units,
3 modulators, and 1 rectifier) is provided.

(a) A simplified block diagram of an
MW 3-1-1 installation is shown in figure
4-5. The modulator can be switched to any
of the three RF units, and either on-off or
frequency-shift keying can be selected by the
control unit.

(b) A simplified block diagram of an
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Figure 4—4. Functional Block Diagram of an MW Transmitter.

MW 8-3-1 installation is shown in figure
4-6. Simultaneous operation of the three
transmitters with any type of emission with-
in the capability of the equipment can be
realized with this type of installation. Each
of the three modulators is connected directly
to its corresponding RF unit through relays
which are activated by the control unit. The
control unit does not provide for switching
the modulators to different RF units, but it
does provide for the control of filament and
plate voltages which are applied to the vari-
ous components, and for the selection of
either CW, FSK, or phone operation.

(2) Each MW RF unit is operated in
conjunction with an NR-105 Frequency Shift
Keyer which provides the initial RF signal
that excites the MW transmitter. This equip-
ment is discussed later in this chapter.

4-7. AN/FRT—4 Transmitter

a. General.
(1) The AN/FRT—4 Transmitter is a

continuous-wave transmitter which delivers
an RF power output of 50 KW in the fre-
quency range of 50 to 150 KC.

(2) Three types of keying may be em-
ployed with this equipment. The transmitter
may be operated with DC line keying at any
speed up to 500 words per minute, facsimile
keying, or frequency-shift keying.

(3) The entire transmitter is enclosed
in a unit assembly 86 feet long, 9 feet high,
and 17 feet deep. Basically, it consists of
a 2-KW RF exciter unit and a 50-KW RF
power amplifier unit. A helix house, located
apart from the transmitter building, contains
antenna tuning equipment.

(4) The exciter unit output frequency
is made continuously variable by a master
oscillator (self-contained within the exciter)
over the frequency range of 50 to 150 KC in
six tuning bands. In addition, frequency
shift keying provides for shifting of the
master oscillator frequency to a maximum
of plus or minus 100 cycles.
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Figure 4-5. Simplified Block Diagram of an MW 3—I—I Installation.

b. Principle of Operation.

(1) A functional block diagram of the
AN/FRT-4 is shown in figure 4-7. The 2-
KW RF exciter is composed of the master
oscillator (MO), two power amplifier stages
(exciter TPA and PA), and the frequency
shift keyer. The RF signal is generated by
the master oscillator and is amplified suffi-
ciently by the exciter IPA and PA to drive
the 50-KW power amplifier final stage.

(2) The vacuum tube keyer circuitry
controls the master oscillator for either DC
line keying or facsimile keying. For these
two methods of operation, the master oscil-
lator is cut off in the absence of a keying
signal, and caused to oscillate when a DC or
facsimile signal is applied to the keyer cir-
cuit.

(8) The frequency shift keyer causes
the oscillator (MO) to shift above and below
the center frequency in accordance with a
varying d-c¢ intelligence voltage.

c..Globecom Application.

(1) The AN/FRT-4 is used to imple-
ment a low-frequency circuit in those areas
in which propagation conditions make it im-
possible to maintain reliable communications
by utilizing the high-frequency radio band.
Frequency shift keying is usually employed
for the transmission of four-channel multi-
plex teletypewriter signals.

(2) A system of “moduplexing” is also
employed with this equipment whereby an
audio tone is used to effect a low-level ampli-
tude modulation of the frequency shifted
carrier to provide a navigational aid. The
tone producing the amplitude modulation is
interrupted by an identifying code. The
transmitted signal ean be detected and uti-
lized to facilitate navigation in the same
manner as any other low-frequency beacon
signal. Relatively low audio power is re-
quired to effect the amplitude modulation
because the tone signal is used to modulate

O
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Figure 4-7. Functional Block Diagram of the AN/FRT—4 Transmitter.

the signal at the suppressor grid of the in-
termediate power amplifier in the 2-KW RF
exciter.

4-8. AN/FRT-6 Transmitter

a. General.

(1) The AN/FRT-6 Radio Transmitter
is a high-power radio telegraph communica-
tions transmitter. Its operation is based
upon a principle of generating a low-power
RF signal at a submultiple of the desired
output frequency and multiplying and am-
plifying the signal to produce the desired
high-power RF signal. It is ecapable of either
frequency-shift or on-off keying. The trans-
mitter is used as fixed radio station equip-
ment, primarily on long-distance circuits.

(2) This equipment is capable of pro-
viding an RF power output of 40 KW on
either continuous wave or frequency shift
type of operation at any frequency within
the range of 4 to 26 megacycles.

(3) The major transmitter components
are contained in four cabinets bolted together
to form a single unit which requires a floor
space approximately 21 feet long by 5 feet
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wide. The first two cabinets contain the
power supply and a 15-KW transmitter unit.
These first two units by themselves would
constitute an AN/FRT-5 transmitter. The
addition of a power amplifier and its power
supply serves to raise the RF power output
from 15 to 40 kw, and to convert the AN/
FRT-5 equipment to the AN/FRT-6 equip-
ment. For purposes of discussion, the units
comprising the AN/FRT-5 are considered to
be a complete and self-sufficient 15-KW
transmitter whose output stage is referred to
as the Intermediate Power Amplifier (IPA).
The transmitter is associated with a 40-KW
power amplifier, the controls of which are
interlocked with the transmitter.

(4) The 15-KW exciter is of the master

 oscillator power amplifier (MOPA) type. It

includes a stabilizer 0-91/FRT-5 Variable-
Frequency Oscillator (VFQO) which provides
an RF output in the range of 2 to 4.5 mega-
cycles, and a crystal-controlled 10-channel
oscillator (0O-92/FRT-5) which provides an
RF output in the range of 2 to 4.8 mega-
cycles. Either of these two oscillators, or an
external oscillator, may be selected as the
source of the RF signal. A KY-45/FRT-5

e
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Frequency Shift Keyer (FSK) is also in-
cluded within the exciter transmitter to ef-
fect a linear frequency shift with respect to
an input keying voltage. The description
and operating principles of the VFO and the
FSK are discussed later in this chapter.

b. Principle of Operation. ;

(1) A functional block diagram of the
AN/FRT-6 Transmitter is shown in figure
4-8. Three separate sources of excitation are
illustrated. The input switching panel, which
consists of coaxial jacks with short coaxial
jumpers, provides a convenient means of
selecting and interconnecting the desired
excitation source. On-off or frequency shift
keying input can be selected with the switch
oni the electronic keyer unit.  For on-off key-
ing, the first buffer and first frequency
multiplier are controlled by the electronic
keyer circuit in accordance Wlth the keying
pulses.

(2) For frequency shift keying opera-
tion, the output signal from the selected éx-
citer is injected into the FSK at a frequency
200 KC higher than the desired output of the
FSK. This injected signal is mixed with a
200-ke frequency-shifted voltage from a

AACSM 100-b

source within the FSK to produce an RF
output voltage in the frequency range of 2
to 4 me. The output of the FSK is applied
to the input of the buffer amplifier.

(8) The exciter is isolated from the
first multiplier stage by the broad-band
buffer stage which also provides the neces-
sary voltage gain. The buffer output, which
is in the range of 2 to 4 megacycles, is ap-
plied to the first multiplier which acts as a
doubler, tripler, or quadrupler. The second
multiplier, which operates in the frequency
range of 4 to 26 MC, is used as a doubler or’
asa straight-through amplifier.

(4) The output of the mult1phe1 is
coupled to the driver stage which amplifies’
the signal sufficiently to drive the push-pull
IPA stage which is normally operated Class
“C”. The output of the IPA is fed into the
coupling network which provides for coupling:
the RF signal to either the low-impedance
input -of the power amplifier stage (PA), or
to a 600-ohm transmission line when the
equipment is converted for operating at re-
duced power.

(5) The output of the coupling network
drives the push-pull PA which provides the

15 KW EXCITER 2 ._‘
,__ r—— — — —— e -
l I 600-0HM TRANSMISSION LINE
t ' FOR REDUCED POWER OPERATION
I o 18T R INT { I POWER ANTENNA
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Figure 4-8. Functional Block Diagram of the AN/FRT—6 Transmittes.
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40 KW of RF power which is fed to the an-
tenna coupling network and finally to the
transmission line and antenna.

e. Globecom Application.

(1) The AN/FRT-6 transmitter is pro-
vided as a back-up for certain point-to-point
circuits which employ the MW type trans-
mitter as primary equipment. Each AN/
FRT-6 may be utilized as a back-up trans-
mitter for up to three circuits when higher
power is required. A system of trunk trans-
migsion lines and antenna contactors has
been designed for use within Globecom to
effect switching of the RF output from an
AN/FRT-6 transmitter to the antennas nor-
mally fed by the MW transmitters.

(2) The AN/FRT-6 transmitter modi-
fied for operation in the VHF band of the
frequency spectrum is also employed to im-
plement communications through the medium
of - forward propagation by ionospheric
scatter. Frequency shift keying is utilized
for this type of operation.

4-9. AN/FRT-15 Transmitter
“a. General.

(1) The AN/FRT—15 Transmitter is
used in fixed ground installations and pro-
vides a complete transmitting facility except
for the power source. It is suitable for ap-
plication in point-to-point communications,
aeronautical ground stations, and other cir-
cuits requiring. operation on a number of
readily selected channels. -

(2) This equipment may be utilized for
the transmission of continuous wave (CW),
modulated continuous wave (MCW), phone,
frequency shift keying (with phase modula-
tion if desired), or photo-transmission sig-
nals. This equipment provides an RF power
output of 3 KW within the frequency range

of 2 to 12 MC, 2.5 KW in the 12 to 26 MC

range, and 2 KW in the 26 to 30 MC range.
The AN/FRT-15 will operate on any of 10
pre-set frequencies in the specified range.
The frequencies are selected automatically
by a telephone type dial. Changing of fre-
quency and mode of operation requires less
than 15 seconds.

(3) The transmitter is contained in

4
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three cabinets that are bolted together to
form a single unit which requires a floor
space of approximately 7 feet wide by 3 feet
deep. A separate control unit, consisting of
a telephone-type control dial, a handset, and
an amplifier, may be used for remote control
of the transmitter.

- b. Principle of Operation.

(1) A functional block diagram of the
AN/FRT-15 Transmitter is shown in figure
4-9. All units shown, with the exception of
the: C-745A/FRT-15 Remote Control Unit,
are located within the transmitter cabinets.

(2) The basic frequency-determining

circuits are the 10-channel crystal oscillator
circuit in the AN-483A /FRT-15 Oscillator-
Amplifier; the 200-KC crystal oscillator cir-
cuit and the 1.8 to 4 MC synthesized output
from interpolation oscillators in the 0—-140A/
FRT-15 RF Oscillator, and the 200-KC fre-
quency shift oscillator in the KY-7T0A/FRT-
15 .Frequency Shift Keyer. For ecrystal
operation on CW, the output of the 10-
channel crystal oscillator is mixed with the
output from the 200-KC crystal oscillator in
the balanced modulator stage to give the
fundamental operating frequency of the
transmitter. For master-oscillator operation,
the 1.8 to 4 MC RF output of the 0-140A
oscillator is substituted for that of the 10-
channel crystal oscillator. The output from
an external oscillator may also be substituted
for the master oscillator. For frequency
shift or photo transmission operation, with
either crystal or master oscillator, the RF
output of a KY-70A Kever is substituted for
the 200-KC crystal oscillator output from the

0-140A. This 200 KC signal is frequency-

modulated by a reactance modulator to give
a frequency shift in acc01dance with the
applied intelligence.

(3) The RF output of the balanced
modulator is passed through a buffer ampli-
fier to the multiplier amplifier. Three stages
of frequency multipliers are provided, each
working as a doubler or straight-through
amplifier, depending upon the multiplying
factor required to obtain the desired trans-
mitter output frequency. The output of the
third multiplier, at the desired carrier fre-
quency, is fed into the class “C’” interme-
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Figure 4-9. Functional Block Diagram of the AN/FRT-15 Transmitter.

diate power amplifier which drives the final
RF power amplifier stage in the CY-932A
Cabinet.

(4) The MD-137A/FRT-15 Radio Mod-
ulator includes the audio circuits for voice
modulation or MCW signals. Either a 1000-
cps audio oscillator or the output from a
microphone drives the speech amplifier stage.
The speech amplifier output is fed through
a limiter and squelch stage which provides
compression for modulation over 70 percent.
This output feeds the driver stage which in
turn drives the modulator stage. The output
of the modulator is fed through a modulation
transformer to effect plate-and-screen modu-
lation of the final RF power amplifier.

(5) The C—745A Control Unit includes
an audio amplifier which is used to voice
modulate the transmitter from a remote
point over a landline. Its output is fed into
the transmitter speech amplifier. Control

circuits provide selection between manual
and automatic keying, and voice modulation.

(6) Variable coupling and capacity
tuning, within the output network in the
CY-932A Cabinet, facilitate loading and
matching the output of the transmitter to a
transmission line of any impedance from 70
to 800 ohms.

¢. Globecom Application.

(1) The AN/FRT-15 is employed as
back-up equipment for the primary air-
ground transmitters and is operated into ¢
broad-band discone antenna. Due to its 10
channel pre-set capability, this transmitte:
can be readily selected as a substitute for the
equipment normally utilized on the air-
ground circuits.

(2) This equipment is also employed as
a line-up transmitter on the single sidebanc
circuits and is included in the single side:
band equipment groups. By using a systen
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of transmission line trunks and antenna -

contactors, the AN/FRT-15 can be utilized
to transmit a signal on those antennas that
normally are connected to the single sideband
equipments. It is used to establish commu-
nications on a new frequency prior to chang-
ing the single sideband equipment for opera-
tion on that frequency.

4-10. 96-D Transmitter

a. General.

(1) The 96-D Transmitter is designed
to generate 2.5 KW of RF power at any fre-
quency in the range of 2 to 18 MC. In con-
junction with associated control equipment,
the transmitter may be used for continuous
wave, amplitude modulated voice, or fre-
quency shift transmission. It is adaptable
to point-to-point, ground-air and general
broadcast circuits.

(2) This equipment is especially suit-
able for use at stations requiring either
simultancous or intermittent use of several
different frequencies. A typical combination
of units comprising a transmitting faeility
may. be three RF units, one modulator, and
one rectifier power unit. However, various
combinations of these units may be assem-
bled and inter-connected to perform a num-
‘ber of functions. The 3-1-1 combination
'requlres a floor space area approx1mately 8
feét wide by 214 feet deep.

(8) The modulator provides 100 pe1 cent
‘amphtude modulation of the RF carrier.
Included within the modulator unit is a tele-
phone type dial and auxiliary relay unit
‘which provide local control for switching the
modulator to any RF unit within the group.
, (4) An internal crystal-controlled oscil-
lator may be used to.excite each RF unit for
CW and voice operation. For frequency
shift operation, an external source of RF
excitation is required. A tone oscillator is
required to key the transmitter for inter-
rupted_ operation (CW or voice) from a
remote position. '

b. Principle of Operation.

(1) A functional block: diagram of the
96-D Transmitter is illustrated in figure
4-10.- The source of excitation, as applied to
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the first amplifier-doubler, can be any fre-
quency between 2 and 5 MC. Depending upon
the desired carrier frequency, the first RF
amplifier acts as a doubler or straight-
through buffer amplifier. The output of this
stage is fed to the second RF amplifier which
operates as a straight-through amplifier in
the frequency range of 2 to 10 MC. The out-
put of the second RF amplifier is coupled to
the third RF amplifier-doubler which can be
operated as a straight-through amplifier or
as a doubler, depending upon the carrier fre-
quency desired. The RF power amplifier
stage amplifies the output of the third ampli-
fier and produces a carrier signal output of
2.5 KW in the frequency range of 2 to 18 MC.
The antenna loading network is an im-
pedance matching device that takes the RF
output of the final amplifier stage and feeds
it to an antenna. This network is designed
to match a 600-ohm 1mpedance transmission
line.

(2) For an interrupted type of operation,

the built-in crystal oscillator is used as a

source of excitation, and the oscillator and
first-amplifier are controlled for on-off oper-
ation by the tone keying control circuitry.

. When the transmitter is keyed from a remote

position, this circuit acts as a relay and
causes the crystal oscillator and first am-
plifier to function, thus exciting the trans-
mitter. In the key-down"condition, a 1000
cps tone from the remote tone keyer oscil-
lator is fed into the tone keying control
circuit; this effects a change in the voltages
applied to the oscillator and first amplifier

.stages, and causes these stages to operate.

(3) The modulator consists basically of
a phase inverter, speech amplifier, driver,
power amplifier, dialing unit and auxiliary
control relay unit. The audio signal received
from the remote operating position is chan-
neled through the dialing unit to the phase
inverter. There are two outputs from this
stage, 180 degrees out of phase with each
other, which are used to drive the push-pull

‘speech amplifier. The output of the speech
~amplifier is amplified by the driver stage to
-a level sufficient to drive the modulator

power -amplifier. The output of the modu-
lator is used to plate-modulate the trans-

3
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Figure 4-10. Functional Block Diagram of the 96~D Transmitter.

mitter r-f power amplifier.
e. Globecom Application.

(1) The 96-D Transmitter is utilized
within Globecom to provide the facilities for
secondary circuits and local theatre require-
ments. For point-to-point circuits, a 3-1-1
combination (3 RF units, 1 modulator, and
1 rectifier) is usually provided.

(2) All 96-D RF units are operated in
conjunction with an NR-105 Frequency
Shift Keyer. This unit provides the initial
RF signal for excitation of the transmitter.

4-11. PW-I10 Transmitter

a. General.

(1) The PW-10 Transmitter has been
designed for radio-telegraph operation with
an output carrier power of 156 KW in the
frequency range of 110 to 140 KC. This
transmitter is capable of handling keying
speeds up to 850 words per minute with a

minimum of wave-form distortion. It works
into a single-wire transmission line having a
surge impedance of approximately 600 ohms.

(2) The PW-10 consists of two major
components installed adjacent to one another
on a common base plate requiring a floor
space of 9 feet by 5 feet. The RF exciter and
rectifier are grouped together on the left-
hand side of the transmitter, and the RF
power amplifier and its externally mounted
tank coil on the right-hand side.

(3) Transmitter excitation is obtained
from either an internal master oscillator or
an external RF oscillator producing an out-
put in the frequency range of 110 to 140 KC.
A stage provides for local or remote keying
of the transmitter. A helix house, located
apart from the transmitter building and con-
taining components to facilitate anfenns
tuning, is also provided.

h. Principle of Operation.

9
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- (1) A functional block diagram of the
PW-10 is illustrated in figure 4-11. The
internal master oscillator is of the electron-
coupled type and generates the radio fre-
quency that is applied to the buffer amplifier.
As illustrated, an external radio frequency
source within the frequeney range of 110 to
140 kilocycles may also be employed as the
basie signal generator.

(2) The buffer stage amplifies and feeds
the RF signal that has been generated by
the exciter to the following RF keying stage.
The keying-amplifier is a low-power stage,
the cathode circuit of which is keyed by a
pair of triodes in the keyer stage. The keyer
triodes are connected in parallel and are
operated as a variable resistance for biasing
the keying-amplifier stage to effect maximum
output for a key-down condition, and cut-
off (no output) for a key-up condition.

(3) The 1st RF amplifier receives its

{ June 1956

excitation from the keying-amplifier stage

and amplifies the signal for application to

the driver stage. The output of the driver
is fed into the power amplifier where the
signal is amplified to approximately 15 KW.
The RF output transmission line is coupled
directly to the power amplifier tank coil lo-
cated on top of the transmitter cabinet.

c. Globecom Application. The application
of this equipment in Globecom parallels that
described for the AN/FRT-4 Transmitter.
Employment of either the AN/FRT—4 or the
PW-10 is determined by a study of the pro-
pagation characteristics and the signal path
for the desired circuit. When the PW-10 is
used to provide a navigational aid in addition
to its normal function, the moduplexing is
accomplished by amplitude modulating the
1st RF amplifier grid circuit. The NR-109
Frequency Shift Keyer is employed to excite
this transmitter.

HELIX
HOUSE
ANTENNA
TUNER
b
MASTER i T SRV RF IST POWER
BUFFER RF DRIVER
OSCILLATOR KEYING
o e — AMPLIFIER
3
e
TO EXTERNAL
EXCITER KEYER -
STAGE LINE

"Figure 4-11. Functional Block Diagram of the PW—10 Transmitter.
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4-12. NR~105 Frequency Shift Keyer

a. General.

(1) The frequency shift keyer unit is
a highly stable crystal-controlled radio fre-
quency oscillator with circuity which pro-
vides for shifting the RF signal to either
side of a center frequency in accordance
with a varying DC input signal.

(2) The exciter replaces the oscillator
in a transmitter and produces a carrier shift
for transmission of teletypewriter or fac-
simile signals over a radio circuit. For tele-
typewriter operation, a front panel control
provides for adjustment of the frequency
shift up to 1000 cycles per second. For fac-
simile operation, the shift is entirely depend-
ent upon the amplitude of the DC input
voltage. A shift of up to plus or minus 700
cycles per second, linear with respect to in-
put voltage, may be utilized for facsimile
operation.

(38) A three-position switch provides

for selection of any one of three operating
frequencies, depending upon the frequency
of the crystals installed. The crystal fre-
quency is 200 kilocycles less than the center
frequency output of the keyer.

(4) The frequency shift keyer and asso-
ciated power supply are mounted in a stand-
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AUXILIARY EQUIPMENT

ard 19-inch equipment cabinet and require
a combined rack space of 16 inches.

(5) An NR-163 Adapter Unit is avail-
able for use with this equipment to permit
substitution of an external oscillator for the
internal crystal oscillator of the frequency
shift keyer. The adapter also provides for
connections between the internal crystal
oscillator and other equipment when a
constant RF signal without frequency shift
is required.

b. Principle of Operation.

(1) A functional block diagram of the
frequency shift keyer is illustrated in figure
4-12. The keyer consists of six basic units:
a keying circuit, reactance tube, 200-kilocycle
oscillator, crystal oscillator, balanced modu-
lator, and power amplifier.

(2) When used for teletypewriter op-
eration, the mark and space signal pulses
are injected into the keying stage, where the
signal is limited and shaped, and then fed
to the reactance tube as a positive or nega-
tive voltage. The reactance tube in turn acts
to lower or raise the frequency of the 200-
kilocycle oscillator in accordance with the
space or mark signal pulses applied at the
input.

(3) When used for facsimile operation,

FACSIMILE
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e ek TELE- i
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[
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Figure 4-12. Functional Block Diagram of the NR—105 Frequency Shift Keyer.
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the keying circuit is by-passed and the re-
actance tube is controlled directly by the
amplitude of the input voltage. For this
type of operation, the reactance tube acts to
lower or raise the frequency of the 200-kilo-
cycle oscillator linearly in accordance with
the varying DC facsimile signal applied at
the input. The output of the 200-kilocycle
oscillator and the output of the high-fre-
quency crystal oscillator are combined in a
balanced modulator circuit.

(4) The frequency of the crystal oscil-
lator is selected so that its resonant fre-
quency is 200 kiloeycles below the desired
output frequency of the frequency shift
keyer. The output of the balanced modulator
contains both the sum and difference fre-
quencies which result from the heterodyning
of the two signals applied to the stage, but it
contains neither of the fundamental fre-
quencies. The difference-frequency is elimi-
nated by use of filter circuits, and only the
sum-frequency is passed on to the power
amplifier for amplification before being fed
into an associated transmitter.

¢. Globecom Application. -

(1) The NR-105 Frequency Shift Keyer
is currently employed as an exciter for both
the MW and 96-D transmitters. The Model
4, with a frequency range of 1.75 to 4.5
megacyeles, is used with the MW trans-
nitters. Model 4A, with a frequency range
f 2.5 to 6.7 megacycles, is used with the
36-D transmitters. The different frequency
ranges are required because of different fre-
juency multiplication factors involved in ob-
aining the final output frequency of each
f these transmitters.

(2) The NR-105 is the primary exciter
or all MW and 96-D transmitters, regard-
ess of the type of circuit to be implemented.

—13. KY—44/FX Facsimile Keyer Adapter
a. General.

(1) The keyer adapter is designed to
onvert amplitude modulated audio-fre-
uency facsimile signals into a varying d-c
ignal for use with a frequenecy shift exciter
nit. It can be used as an unfiltered detec-
»r of amplitude modulated signals, or as an
udio line amplifier.

0
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(2) The keyer adapter and power sup-

ply are assembled on 19-inch panels for

mounting in a standard rack. The adapter
is designed for a 600-ohm balanced input
with a signal of 100 to 7000 cycles per sec-
ond within a level of minus 20 to plus 6 dbm.
A balanced or unbalanced 600-ohm output
is available at an amplitude up to 20 volts
into a 600-ohm load.
b. Principle of Operation.

(1) The basic principle of operation of
the keyer adapter is illustrated in figure
4-13. The incoming amplitude modulated
facsimile signal is fed through an RF filter
to a multi-stage audio amplifier. An input

meter monitors the db level of the incoming:
signal. The band-pass filter may be switched
into the circuit to remove excess hum or

noise if an 1800-cycle carrier facsimile sig-
nal is being received from the facsimile

transmitter. The output control provides for.

adjustment of the signal level applied to the
1st amplifier. After passing through the
amplifiers, the signal is fed to the phase in-
verter. The phase inverter produces two
signals of the same intelligence but 180 de-
grees out of phase for excitation of the push-
pull power amplifier. A portion of the power
amplifier output provides degenerative feed-
back to the 3rd amplifier to effect circuit
stability and good frequency response.

(2) When the output selector switch is
in the “Amplifier” position, an undetected
but amplified signal is fed directly to the out-
put terminals. When the switch is in the
“Detector” position, the signal is detected
and fed, unfiltered, to the output terminals.
In the “Keyer” position, the output from the
detector is fed through a low-pass filter so
that the envelope of the amplitude modulated
signal may be fed to the output terminals.

(3) For alignment purposes, a test sig-
nal from an internal audio oscillator may be
fed into the second amplifier stage. The test
oscillator control is used to switch on the
audio oscillator and to adjust it to the de-
sired output level. The frequency of the test
oscillator is approximately 1800 cycles per
second.

c. Globecom Application. The keyer adap-
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Figure 4-13. Functional Block Diagram of the KY—44/FX Facsimile Keyer Adaptar.

ter is used to rectify the amplitude modu-
lated audio facsimile signal and to filter out
the carrier frequency in order to obtain the
envelope of the intelligence wave as a vary-
ing DC voltage. The resultant DC voltage is
then applied to the input of a frequency shift
keying unit to produce a shift in the basic
radio frequency signal in accordance with
the amplitude of the original facsimile sig-
nal.

4-14, NR-115 Variable Frequency
Oscillator

a. General. The NR-115 Variable Fre-
quency Oscillator (VFO) is common to both
transmitting and receiving stations through-
out Globecom. Since this equipment has been
illustrated and described previously in Part
Three, Chapter 2, only those items peculiar
to transmitter station application of the
equipment are presented in this section of
the manual.

b. Globecom Transmitting Station Appli-
cation.

(1) The NR-115 provides an RF out-

put which is variable from 2 to 32 mega-
cycles. Its stability is equivalent to that ob-
tained with crystal oscillators without tem-
perature control, and it may be employed as
an external RF source to drive the NR-~105
Frequency Shift Keyer in the event opera-
tion is required on a frequency which cannot
be generated with the crystals available for
the NR-105 equipment.

(2) The NR-115 receives power from
a source of regulated voltage within the
transmitter building to maintain a high
stability output. This high degree of ac-
curacy permits utilization of the equipment
as a secondary frequency standard for all
transmitting equipment for measuring pur-
poses.

4-15. KY-45/FRT-5 Frequency Shift Keyer

a. General.

(1) The frequency shift keyer provides
an r-f output in the range of 2 to 4 mega-
cycles, the frequency of which is shifted
linearly with respect to an input keying volt-
age. In a teletypewriter system, it produces

101
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an output of one frequency for mark signals
and another for space signals. Because of
its linearity with respect to input voltage, it
may also be used for facsimile operation.

(2) Controls on the front panel select
the desired center frequency output and
adjust the total frequency shift. A control
on the front panel also permits selection of
full shift, one-half shift, one-quarter shift,
and one-eighth shift to provide multiplication
of one, two, four, and eight by the trans-
mitter with which the keyer is associated.
A total frequency shift of up to 1000 cycles
per second may be provided with this equip-
ment,

(3) The keyer and associated power
supply (PP-454/FRT-5) are mounted in a
standard 19-inch rack. The keyer is nor-
mally operated in- conjunction with the
0-91/FRT-5 Variable Frequency Oscillator,
and the power supply is common to both the
keyer and the oscillator. The 0-91 is dis-
cussed in paragraph 4-16.

{ June 1956

b. Principle of Operation.

(1) A functional block diagram of the
frequency shift keyer is shown in figure
4-14. The keyer requires an injection volt-
age, from an external source, within the
range of 2.2 to 4.2 megacycles and 200 kilo-
cycles higher than the output frequency. The
injection voltage is mixed with a 200-kilo-
cycle frequency-shifted voltage from an in-
ternal source to produce an output voltage
in the frequency range of 2 to 4 megacycles.
The external injection voltage is ordinarily
provided by the 0-91/FRT-5 R—-F Oscillator,
but any stable injection voltage of good wave
form in the range of 2.2 to 4.2 megacycles
may be used.

(2) The injection voltage and the 200-
kilocycle voltage derived from the frequency-
shifted oscillator are fed into the balanced
modulator in such a manner that only the
sum and difference frequencies remain in the
output from the balanced modulator. The
keyer operates on the difference frequency
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Fiéure 4-14. Functional Block Diagram of the KY—45/FRT—5 Fréquenéy Shift Keyer.
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which is 200 kilocycles below the injected
high-frequency signal. The difference fre-
quency is selected by the buffer amplifier and
power amplifier tuned circuits and is applied
to an associated transmitter. All other fre-
quencies are eliminated from the output of
the keyer.

(8) The portion of the frequency shift
keyer which produces the frequency-shifted
signal consists of the 200-kilocycle oscillator,
balanced keyer, and reactance amplifier. One
section of the balanced keyer tube is operated
at a constant bias, while the bias of the other
section is varied in accordance with the
applied intelligence signal. A portion of the
200-kilocycle output is also injected into the
balanced keyer, and the circuitry of the
balanced keyer contains a certain reactive
impedance when no intelligence voltage is
applied to the variable bias section of the
keyer tube. When an intelligence signal
voltage is applied to the keyer tube, a phase
shift results across the reactive component.
The phase shift is amplified by the reactance
amplifier, and the output voltage from the
reactance amplifier is applied across the tank
circuit of the 200-kilocycle oscillator. The
voltage from the reactance amplifier either
lags or leads the original voltage across the
oscillator tank circuit and results in an up-
ward or a downward shift in oscillator fre-
quency in accordance with the apphed intel-
ligence signal voltage.

(4) The output of the frequency-shifted
oscillator is fed through a filter circuit which
passes the fundamental frequency with very
little attenuation and offers a high degree
of rejection to the second and higher har-
monics of the 200-kilocycle oscillator. The
harmonics must be suppressed because they
would fall within the pass-band of the high-
frequency circuits of the keyer. The output
of the filter circuit is fed into the phase in-
verter which applies a push-pull output volt-
age to the balanced modulator.

(5) For teletypewriter operation, the
mark and space signals are applied fo the
limiter and wave-shaping circuits. The tele-
typewriter signals are passed through the
limiter ecircuits so that essentially fixed-
voltage positive keying impulses having
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square-wave characteristics are applied to
the wave-shaping circuit. Wave shaping is
introduced at this point to materially reduce
the side-band frequency components which
are present with square-wave keying.

(8) For facsimile operation, the intelli-
gence is applied directly to the balanced
keyer stage, and the output of the 200-
kiloeycle oscillator varies linearly in accord-
ance with the applied varying DC intelli-
gence signal voltage.

(7) The phase modulation oscillator is
a simple Hartley oscillator tuned to 20(
cycles per second. This 200-cps oscillator
provides a voltage across the balanced keyer
circuit so that up to one radian of phase
modulation at 850 cps total shift is possible
in the output signal. The use of phase
modulation permits frequency diversity re.
ception which is a decided advantage in the
presence of severe multipath distortion ir
radio transmission.

c. Globecom Application. The KY-45,
FRT-5 Frequency Shift Keyer is providec
as part of the auxiliary equipment at al
transmitting stations employing facsimil
circuits. It is provided for those facsimils
circuits wherein the material to be trans
mitted requires greater definition than tha
which can be attained by using the NR-10!
Frequency Shift Keyer which is normall:
used for facsimile transmission. The KY-4!
is also included as an internal component o
all AN/FRT-6 transmitters.

4-16. O-91/FRT-5 Variable Frequency
Oscillator

a. General.

(1) The 0-91 RF oscillator is a ver;
stable automatic frequency-controlled (AFC
oscillator which covers a frequency range o
2 to 4.5 megacycles. In addition, a 100 kilc
cycle and a 450 kilocycle source is incorpc
rated in this equipment, and external jack
are provided so that these signals may b
used in conjunction with other equipmen
requiring a signal source at these frequer
cies.

(2) The main components of the equiy
ment that provide RF output power to driv

10
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a transmitter are the master oscillator, mul-
tiplier, and final amplifier. The remaining
circuits are frequency-control circuits. Sta-
bility is derived from a 100 kilocycle erystal
standard located in the 0-91A unit. An ex-
ternal oscillator may also be employed as a
standard.

(8) The variable frequency oscillator
and its associated power supply (PP—454/
FRT-5) are mounted in a standard 19-inch
rack. The 0-91 is normally operated in con-
junction with the KY-45/FRT-5 Frequency
Shift Keyer, and the PP-454/FRT-5 Power
Supply is common to both the keyer and the
oscillator. The KY-45 is discussed in para-
graph 4-15.

b. Principle of Operation.

(1) A functional block diagram of the
variable frequency oscillator is presented in
igure 4-15. The master oscillator supplies
an r-f output in the frequency range of 1000
:0 1500 kilocycles. The output frequency of
‘he master oscillator is determined by the
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position of a tuning slug which is adjusted
by the front panel controls and the setting
of a capacitor across the tank cirecuit. The
setting of the capacitor is adjusted by the
AFC motor through a mechanical link. The
motor operates in response to the output of
the automatic frequency control cireunit. The
output of the master oscillator is fed into the
multiplier which produces an output in the
range of 2 to 4.5 megacycles. The output of
the multiplier is fed into the final stage
which operates as a straight-through ampli-
fier and delivers an output in the range of
2 to 4.5 megacycles to the tlansmltter or
associated equipment.

(2) The stability of the 0-91 oscillator
is derived from the 100-kilocycle standard.
The 100-kilocycle standard is converted by
the divider circuit to 25 kilocycles and then
passed into the harmoniec amplifier cirenit
whose output signal is in the range of 9.125
to 21.625 megacycles. This signal is mixed
with the fifth harmonic of the multiplier out-
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Figure' 4<15.  Functional Block Diagram of the 0-91/FRT-5 Variable Fréquéncy Oscillator:.
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put to produce an intermediate frequency
in the output of the 1st mixer. The fifth har-
monic of the output frequency covers the
rangs of 10 to 22.5 megacycles, and the in-
termediate frequency produced and amplified
by the 1st IF amplifier is in the range of 875
to 900 kilocycles.

(3) The signal amplified by the 1st IF
amplifier is fed to the 2nd mixer wherein
it is combined with a 75 to 100 kilocycle
signal which is obtained from the subdivided
output of the 600- to 800-kilocycle interpola-
tion oscillator, The IF signal from the sec-
ond mixer is a fixed-frequency signal cen-
tered at 800 kilocycles.

(4) The 800-kilocycle signal is con-
verted to 100 kilocycles in a regenerative
divider circuit. Any error involved in setting
up the master oscillator appears in the 100-
kilocycle signal. The 100-kilocycle signal is
then combined with a signal from the 100-
kiloeycle standard in a pair of diode mixers.
Any audible output resulting is fed into the
d-c amplifier and is a definite measure of the
frequency error. In one of the diode mixers,
the 100-kilocycle standard signal is shifted
90 degrees by the phase shift circuit pre-
ceding that mixer. The 90 degree shift
within the one diode mixer results in a two-
phase audio output. The audio output from
the DC amplifiers is passed to a pair of power
amplifiers, and the resultant two-phase out-
put from the power amplifiers is fed to the
AFC motor which rotates in such a manner
that it adjusts the master oscillator to the
desired frequency.

e. Globecom Application. The 0-91 varia-
ble frequency oscillator is provided in Globe-
com transmitting stations as a source of RF
injection voltage for the KY-45/FRT-5
Frequency Shift Keyers. These units are
provided on the basis of one for each KY-45
installed. The 0-91 is also an internal com-
ponent of all AN/FRT-6 transmitters.

4-17. NR-109 Frequency Shift Keyer

a. General.
(1) The NR-109 Frequency Shift Keyer
is employed as a source of radio-frequency
excitation for transmitters when -carrier
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shift communications is desired in the fre-
quency range of 50 to 500 kilocycles. This
unit is a crystal controlled oscillator with
circuitry which provides for shifting the RF
signal to either side of a center frequency
in accordance with a varying d-¢ input sig-
nal.

(2) This exciter replaces the oscillator
in a radio transmitter and produces a shift
for radio transmission of teletypewriter and
facsimile signals. For teletypewriter opera-
tion, a front panel control provides adjust-
ment of the frequency shift over a range of
50 to 650 cycles per second. For facsimile
operation, the shift is entirely dependent
upon the amplitude of the DC input voltage.
A shift of up to plus or minus 30 cycles per
second, linear with respect to input voltage,
may be utilized for facsimile operation.

(3) A three-position switch provides for
selection of any one of three crystal-con-
trolled operating frequencies. The frequency
of the crystals employed is 2000 kilocycles
greater than the center output frequency of
the frequency shift keyer. ;

(4) The NR-109 includes a self-con-
tained power supply and is mounted in a
standard 19-inch equipment rack. A rack
space of 10.5 inches is required to accommo-
date this unit.

b. Principle of Operation.

(1) The low-frequency output from the
NR-109 is obtained from a system of double
conversion. A functional block diagram of
this unit is presented in figure 4-16. It is
similar to the NR-105 Frequency Shift
Keyer, with the exception that additional
crystal oscillator and mixer stages and fre-
quencies are involved.

(2) The frequency-shifted output from
the 200-kilocyele oscillator is obtained in the
same manner as that described for the NR-
105 Frequency Shift Keyer for both tele-
typewriter and facsimile operation. The
shifted 200 kilocycle signal and the signal
from the 1800-kilocycle oscillator are then
combined in the first mixer, and a resultant
2000 kilocycle signal, shifted in accordance
with the applied intelligence signal, is fed
to the 2nd mixer. A second crystal signal,

105
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Figure 4-16. Functional Block Diagram of the NR—109 Frequency Shift Keyer.

the frequency of which is in the range of
2050 to 2500 kilocycles, depending upon the
crystal selected from the three-position front
panel control, is also injected into the 2nd
mixer. The difference-signal is selected as
the output of the 2nd mixer, and the result-
ant frequency, the center frequency of which
is in the range of 50 to 500 kilocycles, is ap-
plied to the input of the 1st amplifier stage.
The output of the 1st amplifier is fed to the
power amplifier which produces a minimum
RF output of two watts over the entire fre-
quency range of equipment.

- ¢. Globecom .Application. The NR-109
Frequency Shift Keyer is provided as an
exciter for all PW-10 Low-Frequency Trans-
mitters employed on radio teletypewriter
circuits.

4-18. CV-172/U Facsimile Converter and
RD-92/UX Facsimile Recorder

“a. General. The facsimile converter and
recorder equipments are common to both
transmitting and receiving stations through-
out Globecom. Since these equipments have
been previously discussed in Part Three,
Chapter 2, only those peculiarities pertinent
to transmitter station application of the
equipments are presented in this section of
the manual. : -

b. Globecom Transmitiing Station Appli-
cation. The facsimile converter and recorder

106

are provided to facilitate operational checks
on radio facsimile transmissions. The equip-
ment may be utilized to record the facsimile
signal received at the Transmitter Site from
the Communications Relay Center, or, when
used in conjunction with a receiver at the
Transmitter Site, to detect and record the
facsimile signal radiated as an RF signal
from the Transmitter Site. The prime pur-
pose of the equipment at this loeation is to
determine the source of trouble in the event
a distorted or otherwise unsatisfactory sig-
nal is reported.

4—|9.: Antenna Contactors

a. General.

(1) To attain operational flexibility, it
is often desirable to switch the RF output of
a transmitter from one antenna to another,
or tofeed the RF signal from one transmitter
to an additional piece of equipment for the
purpose of increasing the power level of the
signal applied to the antenna.

- (2) Various combinations of a basic
contactor have been assembled to implement
the foregoing switching within the Globecom
transmitting stations. The electrical cir-
cuitry of a single contactor unit is illustrated
in figure 4-17. In regard to the contacts as-
sociated with the RF paths, each contactor is
essentially a double-pole double-throw switch
which can be operated so that a one-path in-
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Figure 4~17. Electrical Circuitry of the Antenna Contactor.

put can be routed to one of two possible out-
puts, or one of two inputs may be selected
as the output signal.

(8) In addition tothe RF switching con-
tactors, a microswitch provides continuity
for coding relay circuitry for either of the
two positions of the contactor. The associa-
tion of the microswitch with the coding relay
circuitry is discussed later.

(4) The basic contactor illustrated is of
the mechanical hold type in which the con-
tacts are held in the position selected by
momentarily energizing the applicable (left
or right) solenoid.

b. Contactor Assemblies.

(1) Six different combinations of the
basic contactor are required to facilitate all
types of antenna switching performed in the
transmitting stations. For certain applica-
tions, two or more of the six combinations

may be grouped together to provide the com:
plete switching facilities.

(2) Figure 4-18 illustrates the arrange
ment of seven contactors and shows the
possible RF routing through the contacto
assembly employed for switching any o
three RF sources to either of two antennas
This arrangement is referred to as the Basi
7 Antenna Contactor Combination.

(3) Figure 4-19 illustrates the arrange
ment of four contactors and shows the pos
sible RF routing through the contactor as
sembly employed for switching either of tw
RF sources to either of two antennas. A
arrangement of this type is referred to a
the Basic 4 Antenna Contactor Combinatior

(4) Figure 4-20 illustrates the contac
tor assembly employed to connect the outpu
of a Basic 7 or Basic 4 combination to th
two associated antennas, or to switch an ad

10
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Figure 4-19. Basic 4 Antenna Contactor Combination.
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Figure 4-20. Left-Through-Trunk Antenna Contactor
Combination.

‘ditional RF signal from the incoming trunk

line to either of the two antennas or straight
through the contactor combination to the
outgoing trunk line.- This type of contactor
arrangement is referred to as a Left-
Through-Trunk Antenna Contactor Combi-
nation.

(5) Figure 4-21 illustrates a contactor
assembly which provides for connecting the
output of a Basic 7 .or Basic 4 combination to
two associated antennas, or for connecting

w7 N/

3 FROM
.7TOR 4 b
COMBINATION

TRUNK IN T

Figure 4-21. Left-Dead-End-Trunk Antenna Contactor
Combination. '
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an additional RF signal from the trunk line
to either of the two antennas. This arrange-
ment is referred to as a Left-Dead-End-
Trunk Antenna Contactor Combination.

(6) Figures 4-22 and 4-23 are referred
to as “Right-Through-Trunk Antenna Con-
tactor Combination” and “Right-Dead-End-
Trunk Antenna Contactor Combination,”
respectively. These assemblies provide for
an operation similar to that described for
the left-hand trunk combinations, with the
exception that the direction of the trunk line
routing is reversed.

N\ g

TRUNK OUY
Adbbdetd bt d A

FROM
7 OR 4 }
COMBINATION
p

k
-

TRUNK N

" Figure 4-22. Right-Through-Trunk Antenna Centactor
Combination.
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b —— 7 OR § ————
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i

+ TRUNK IN

Figure 4-23. Right-Dead-End-Trunk Antenna Contactor
Combination.
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c. Application.

(1) Cireuit Switching Other Than Sin-
gle Sideband. Antenna switching systems
employed for this type of operation are of
three general types: back-up on the right,
back-up on the left, and no back-up. When
no back-up is involved, and antenna switch-
ing is required, the Basic 7 contactor com-
bination is employed to connect any of the
three RF units to either of two antennas.
When back-up is involved, various contactor
combinations are operated as a group to pro-
vide the switching facilities. Figure 4-24
illustrates the contactor combinations em-
ployed to provide high power back-up to
three double sideband circuits, each employ-
ing three RF units, and all located to the left
of the back-up transmitter. Three Basic 7
combinations, two left-through-trunk com-
binations and one left-dead-end-trunk com-
bination are required for this operation. If
the back-up transmitter was physically lo-
cated to the left of the transmitters normally
associated with the three circuits, a similar
arrangement would be used, but right trunk
contactor combinations would be employed.

(2) Single Sideband Circuit Switching.
The single sideband switching presents some
new problems in addition to those presented
in the foregoing paragraphs. The spare sys-
tem is no longer a single transmitter, but a
group of equipments which consists of the
line-up transmitter, a power amplifier, and
a single sideband transmitter, in that order.
‘When associated with two or more single
sideband cireuits, the spare group is capable
of operating into either of two trunks, with
each of the three possible RF outputs of the
spare available to either trunk. This is ac
complished by using a Basic 7 combinatior
with the spare group, with trunks connectec
to the two outputs normally connected to the
antennas. An arrangement which provides
for connecting the spare facilities to the an.
tennas associated with two single sidebanc
circuits is shown in figure 4-25. If the spar
is to provide back-up for an additional singl
sideband circuit, a through-trunk combina
tion may be employed for either of the dead
end-trunk combinations, and the dead-ent
trunk combination may be used with th

10
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Figure 4-24. Antenna Contactor Arrangements for Three Circuits with High-Power Back-up.

third circuit single sideband equipment
group. In the event a single sideband equip-
ment group is not provided with a power
amplifier, a Basic 4 contactor combination is
employed to provide the facilities for switch-
ing either the line-up transmitter or single
sideband transmitter to either of the two
associated antennas.

4-20. Antenna Contactor Switching
Control Panels

a. General. The Type “A” Contactor
Switching Control Panel and the Type “C”
Contactor Switching Control Panel are both
used for controlling the antenna contactor
combinations discussed in the preceding
paragraph. The electrical circuitry of the
control panels includes antenna contractor
zontrol circuitry, supervisory console display
vircuitry, interlock circuitry, and ecarrier
failure ecircuitry. The  control panels are
nounted in a standard 19-inch rack, and are
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usually located in a cabinet along the equip-
ment aisle convenient to the assoeciated
transmitter or group of transmitters.

b. Basic Circuitry and Application.
(1) Type “A” Control Panel (Fig. 4
26).

(a) The components of this control
panel include the left and right antenna
drum switches, channel-in-use lamps, B-plus-
on relays, right and left antenna channel re-
lays, and coding relay. The drum switch
control handles can be used to connect one of
four transmitter units to the antenna asso-
ciated with that control. The transmitters
are designated as channels “A”, “B”, “C”,
and “Spare”, and the respective switches are
identified on the control panel in that se-
quence. Each drum switch is of the 4-posi-
tion multiple-contact type and includes a
make or break switch so designated mechan-
ically that all associated control cireuits are
deactivated before the position of the switch
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Figure 4-25. Antenna Contactor Arrangement for Two S5B Circuits Sharing One Spare Equipmenf Group.

can be changed. The handle of each switch
must be depressed before another channel
can be selected. This operation deactivates
all channel antenna relays. After the switch
has been repositioned, the springloaded
handle returns to its normal position to con-
dition the channel antenna relay circuitry.
One section of each switch selects the desired
channel relay according to the position of
the switch. The make and break switches
which are controlled by the longitudinal
motion of the control handles are identified
as switches S201A and S202A, and the four-
position switches, which select the channel

relays, are identified as switches S201B and

S$202B in figure 4-26.
(b) Other contact sections associated

with each switch distribute the AC voltages
to the coils of the antenna contactors. Two
of these switch sections are identified as
S201C and S202C in figure 4-26. This por-
tion of the switch works in conjunction with
switch S203A, and voltage is applied to the
contactor coils only as long as switch S203A
is depressed. Switch S203A is a push-buttor
switch in the center of the control panel
The other side of the antenna contactor coil:
is connected to the microswitches and the a—
bus line to complete the circuit which acti
vates the desired contactor coil.

(c) Other contact sections on eacl
drum switch control the eight channel-in-us:
lamps associated with each panel. The lam;
circuitry works in conjunction with the B
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plus-on relays. Switch S201G in figure 4-26
illustrates the lamp control for opera.tlon of
channel “A”, |

(d) Four B-plus-on relays are in-
cluded as part of the control panels, one
sach for channel “A”, “B”, “C”, and “Spare”.
These relays are parts of the transmitter
sircuitry and are energized when high volt-
age is present at the associated transmitter,
regardless of the position of the drum
switch. The eight channel-in-use lamps are
paralleled across these relays through the
‘our drum switch contact sections mentioned
n sub-paragraph (c). Figure 4-26 illus-
rates K216, the B-plus-on relay associated
vith channel “A”, .

(e) Four left-antenna channel relays
mnd four right-antenna channel relays also
wre included in the control panels. These
relays are energized only when a channel
1as been selected and the chosen antenna is
wailable.  One side of each relay is connected
0 a terminal on the “B” section of each
lrum switch to complete the circuit to an
\C voltage source through either handle
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interlock S201A or handle interlock S202A
depending upon the drum switch in use. The
other side of the relay is connected to the
return side of the AC voltage source by the
contacts of the coding relays. The left an-
tenna relay associated with channel “A” is
identified as K208 in figure 4-26. Left and
rlght antenna relay operation is similar ; that
is, in each case, at least one coding relay
must be energized to complete the cireiit
which operates the antenna relays.

(f) Seven coding relays also are pro-
vided as part of the control panels. These
relays are positioned in accordance with the
position of the antenna contactors. One side
of each coding relay coil is connected to one
side of an AC voltage source, and the other
side is returned to the AC voltage line
through the microswitches on each contactor.
The microswitches are so located physically
that they indicate the position (either left or
right) of the antenna contactors. Figure
4-26 illustrates coding relay K201 in. an
energized position, and coding relay - K206
in a de-energized position for the condition

()
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presented in the illustration; that is, with
channel “A” on the left antenna.

(g) Other circuits also are provided
by the components of the control panels, such
as contact circuits associated with the left
and right antenna relay control interlock
circuits, supervisory console display circuits,
antenna lamp circuits, carrier failure cir-
cuits, and, where applicable, carrier level
change-over circuits. The overall circuitry,
and the association of relays, switches and
transmitters, are quite complex and beyond
the scope of this manual. However, the basic
principle of operation can be realized by
tracing the circuitry presented in figure
4-26. This figure illustrates the antenna con-
tactor and control circuits involved when
channel “A” of three RF units allocated to
one circuit is selected for operation with the
left antenna. Only three contactors of the
Basic 7 antenna contactor combination
which is required for an operation of this
type are shown in this illustration.

(2) Type “C” Control Panel. All com-
ponents of this panel are similar to those of
the type “A” panel. One drum switch of the
three-position type is provided. The type
“C"” panel is used primarily to switch the
transmitters employed with the single side-
band type of operation. The panel provides
for switching the output of the line-up trans-
mitter to a bank of antenna contactors and
consequently to an antenna or into the power
amplifier. The Type “C” Panel also provides
switching from the output of the single side-
band transmitter to a bank of antenna con-
tactors or into the power amplifier. The
three positions of the drum switch in refer-
ence to the power amplifier (TPA) are all
identified by labels as “FRT-15 Drive,”
“LD-T2 Drive,” and “TPA Off.”

4-21. R-F Monitor

a. General.

(1) This equipment provides for the
monitoring of the relative power level of a
radio-frequency signal within the range of
2 to 30 megacycles between the power limits
of 500 to 50,000 watts. It also provides an
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audio output corresponding to the amplitude
modulation envelope.

(2) The monitor is contained in a metal
cabinet, the dimensions of which are ap-
proximately 6 x 6 x 8 inches. Operation of
this equipment is concurrent with the acti-
vation of the transmitter. Independent
switching and controlling is not required.

(3) The R-F Monitor provides only the
voltages relative to the RF carrier envelope
level. An indicator for visual presentation of
this information must be provided as addi-
tional equipment.

b. Prineiple of Operation.

(1) Figure 4-27 is a functional block
diagram of this unit. The input circuitry of
the carrier monitor consists of a voltage
divider which is center tapped to ground
through a capacitor. The voltage divider is
capacity coupled to each side of a transmis-
sion line, and the RF voltage appearing
across the divider is applied to the plates of
a high-voltage RF rectifier. The positive
voltage output from the rectifier is fed
through a filter circuit to one side of a volt-
age divider, the other side of which is con-
nected to a negative voltage supply.

(2) The voltage divider has two branch
circuits, each fed from a variable tap. The
negative voltage, which is equal to the dif-
ference between the positive rectified voltage
and the negative bias voltage, is applied to
the control grid of the cathode follower
stage. A relay between the voltage divider
and the grid circuit permits the selection of
one of the two taps on the voltage divider
The selection of a tap conditions the equip;
ment for operation within the power ranges
to 500 to 6,000 or 2,000 to 50,000 watts whern
these different ratings of RF power are ap:
plied to the transmission line associated witk
the monitor unit. Both taps are adjustable
to compensate for different levels within the
given ranges.

(3) The varying negative voltage o
the grid of the cathode follower, being les:
negative on RF power maximum excursion:
and more negative on RF power minimun
excursions, causes varying cathode curren
to flow in the cathode follower circuit. Thi

11;
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Figure 4-27. Functional Block Diagram of the R—F Monitor.

output voltage from this stage is fed to the
supervisory console to indicate the relative
RF power applied to the transmission line.
This output also is used to operate the relay
which provides “carrier on” and “carrier
failure” indications at the console. The audio
voltage across the cathode resistor is fed to
1 transformer, the output of which can be
1sed to facilitate monitoring of the ampli-
ude modulated signal when that type of
tignal is employed. _

¢. Globecom Application.

(1) An RF monitor is provided for each
ransmission line except those employed for
4F and VHF operation. The unit is in-
italled directly beneath the antenna ports
lccommodating the transmission line at
hose stations using the Supervisory Console,

(2) The monitor is provided for check-
ng the transmitted signals. It is used in
onjunction with a supervisory console,
vhich is explained later, to dislay the rela-
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tive power of each RF output. The carrier
power level is observed on a meter mounted
in the supervisory console. The RF monitor
also provides a sample of the modulation
wave form.

4-22. Carrier Failure Alarm Relay Panel

a. General. The Carrier Failure Alarm
Relay Panel is used in conjunction with the
supervisory console on circuits which do not
employ antenna contactors and antenna con-
tactor switching panels. This unit includes
circuitry required to furnish “B plus On”,
“Carrier On”, and “Carrier Failure” indica-
tions at the supervisory console for both un-
interrupted and interrupted carrier opera-
tion. The complete unit is assembled on one
side of a 2-inech panel for installation in a
standard 19-inch cabinet. ’

b. Principle of Operation and Application.

(1) The carrier failure alarm relay

()
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panel consists basically of three relays with
coils and contacts interconnected to provide
the desired continuity for the various circuit
condition indications. A switch is also pro-
vided to condition the unit for either inter-
rupted carrier operation (CW or Voice
transmission) or uninterrupted carrier op-
eration (frequency shift radio teletypewriter
or radio facsimile transmission).

(2) Figure 4-28 illustrates the basic
circuitry and the terminal wiring function.
Switch S-1 is placed in the closed position to
condition relay K-3 for uninterrupted car-
rier operation. With no voltage applied to
the coil of relay K-1, the contacts of the
relay are open. Relay K-1 is energized when
B plus is applied to the associated trans-
mitter, and the closing of the contacts of K-1
completes the “B plus On” lamp circuit to
the supervisory console to condition the
“Carrier Failure” lamp circuitry.

(3) The contacts of K-2 are in the
closed position for a no-voltage condition on

TO KEYER — (INTERRUPTED OPERATION) o——"A\A

UNINTER';L_}I ©INTERRUPTED |
D OPERATION E

TO 24V CARRIER ON RELAY (CONSOLE) o—
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the relay coil. In the mno-voltage position,
K-2 connects one side of the upper coil of
K-3 to ground. If a voltage is present on
the other side of the upper coil of K-3, the
contacts of the relay close and complete the
“Carrier Failure Lamp” circuit to the con-
sole as well as the circuit to the lower coil
of K-3. The upper coil of K-3 is the “pull-
ing” coil and the lower coil is the “holding”’
coil. For interrupted operation, K-3 can be
energized only if no voltage is applied to the
coil of K-2 from the “carrier on” relay in
the console. If K-2 is de-energized simul-
taneously with the appearance of a voltage
from the “carrier off” relay in the console,
the upper coil of K-3 will be energized and
the “Carrier Failure” indicator circuitry
will be completed.

(4) For interrupted operation, S-1 is
in the open position, and the upper coil of
K-3 is energized by a voltage from the keyer
when the contacts of K-2 are closed. Relay
K-2 is energized from a 24-volt source

&
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TO 24V CARRIER OFF RELAY (CONSOLE)
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TO AC VOLTAGE COMMON

Al

(TRANSMITTER)
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Figure 4-28. Basic Circuitry of the Carrier Failure Alarm Relay Panel.
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through the “carrier on” relay for the dura-
tion of each keying period of normal inter-
rupted carrier operation. If the keying cir-
cuit is completed but no carrier exists, relay
K-2 will not be energized, and the upper coil
of K-3 will be energized to complete the
“Carrier Failure” indication circuitry.

4-23. Patch Panels

a. General. .

(1) In order to maintain the maximum
flexibility for equipment utilization, patch-
ing facilities are provided in Globecom by
Jack and plug connections arranged in
panels. All equipment normally used in a
particular circuit are provided with normal-
through connections at the patch panel so
that patching is not required for normal op-
eration. Normal-through connections are
made through contacts on the jacks, cross
Connections on terminal strips in the patch
cabinets, and, in RF circuits, through double
coaxial plugs at the RF Patch Panel. Patech-
ing is required only when substitution of
equipment is necessary.

(2) The AF and DC Jack Fields are
combined into one bay so that extensive re-
working of the patch bays is not necessary
for additional expansion. The audio and
direct current patching fields are separated
to prevent the possibility of error even more.
A different size of jack and different type of
line termination is used in the separate jack
fields.

(3) All patch panels are mounted in
CY-597 cabinets. Each AF and DC Patch
Bay is provided with a switchboard type
shelf. A VU meter and DC meter are also
provided to facilitate the measuring of sig-
nals entering or leaving the AF and DC
Patch Panel.

b. Basic Circuitry and Apoplication.
(1) AF and DC Patch Bay.

(a) The AF jacks are of the tip-
sleeve variety and are so arranged that a
pair of adjacent jacks are connected to either
1 “signal” or an “equipment” line. These
lacks also contain internal contacts (oper-
wed by inserting a patching plug) which
sermit circuits to be inter-connected (nor-
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malled through) without the use of a patch
cord. When a pateh cord plug is inserted
into a set of jacks which serves a “signal”
line or an “equipment” line, the normal-
through connection is broken and the circuit
is completed through the patch cord. A set
of “monitor” jacks is located above the line
Jacks and connected in parallel with the line
so that a properly terminated patch cord can
be inserted into the jacks for the purpose
of monitoring the signal without interrupt-
ing the circuit. Standard cords with double
plugs on each end are used for patching. The
AF patch section of figure 4-29 illustrates
the normal-through connections for routing
an audio output signal from the CMT-4
Microwave Terminal Equipment to a KY-44
Facsimile XKeying Converter.

o (b) The DC jacks are of the tip-ring-
sleeve variety and are arranged singly with
an apparatus blank in the unoccupied jack
space between each used jack. Each jack
represents a line by itself. The jack also
contains internal contacts to the tip and ring
for normal-through operation connections
similar to those in the AF jacks. Each DC
jack has an associated monitor jack located
above it and connected in parallel with the
ring side of the line. A standard cord, with
a single tip-ring-sleeve plug on each end,
is used for patching. The normal-through
circuitry which routes the varying DC out-
put from the KY-44 to three NR-105 Fre-
quency Shift Keyers with parallel inputs is
shown in the DC patch section of figure 4—
29.

(¢) In addition to the allocated equip-
ment jacks, trunk and multiple jacks are
provided on both the AF and DC patch
fields. The trunk jacks facilitate patching
the trunk lines running to the test cabinets
and all control cabinets throughout the sta-
tion. The multiple jacks are not normalled
through to any equipment or line; they are
simply a group of jacks connected in par-
allel. The multiple jacks provide the facili-
ties for branching any line or equipment path
into two or more branches (multiple paths).

(2) RF Patch Panel.

~(a) The RF jacks are of the coaxial
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Figure 4-29. Normal-through AF anc' DC Patch Panel Circuitry.

variety arrange singly so that each jack
represents a line. Associated equipment RF
inputs and outputs are located in a vertical
line, and adjacently, to facilitate a normal-
through connection which is made by insert-
ing a 341-C coaxial plug. Figure 4-30 illu-

strates the RF Patch Panel circuitry for th
normal-through operation of an RF signs
from the frequency shift keyer to one char
nel of an MW Transmitter. Four jacks ar
provided for this portion of the circuit. Fo
normal operation, the 341-C plug is inserte

[}
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between the FSK output and the transmitter
input. If substitution of another FSK or
‘ransmitter RF channel is required, an RF
pateh cord would be used to connect the de-
sired F'SK output to the desired transmitter
RF channel input. An FSK monitor jack
's provided to sample a portion of the RF
putput directly from the frequency shift
keyer. The FSK input jack is provided for
yperations that require an external RF signal

18 a source of excitation for the frequency -

shift keyer. ,

(b) Jacks are provided in the RF
sateh bays for all low-level RF lines into and
»ut of the station equipment. In addition to
‘he equipment jacks, trunk jacks are in-
2luded in the RF patch field. The trunk jacks
‘acilitate patching into RF trunk lines from
7arious cabinets throughout the building
:quipment wings and the test equipment cab-
nets.

424, CST-2 Telephone Signaling and
Termination Unit

~The CST-2 is provided at each transmitt-

i8

ing station. The description and application
of this equipment is presented in Part Three,
Chapter 2, of this manual. Additional infor-
mation on this subject is not presented at
this time, since application of the equipment
at the Transmitter Site parallels that de-
scribed for the Receiver Site.

4-25. Clock System

A clock system synchronized by signals
from the Relay Center is provided at each
transmitter station. This system is discussed
 in Part Three of this manual and is not re-
peated at this time because of the similarity
of application at both sites.

. 4-26. Supervisory Console

a. General.
(1) The Supervisory Comnsole provides
a visual display of the status of the trans-
mitting equipments. When used in conjune-
tion with carrier monitor and other control
circuitry, it provides indications of “carrier
and B plus on”, “antenna in use”, and the

O



1 June: 1956

relative carrier power level. Also included as
components of the console are four amplifiers
with associated phone inputs, volume con-
trols and VU meters, a monitor receiver, and
an inter-communications system.

(2) The amplifiers and associated con-
trols and meters are provided to facilitate
voice modulation of transmitters from the
Supervisory Console.

(3) A 51J Receiver is provided for local
monitoring of the transmitted signals.

(4) The inter-communications master
station is provided for use in conjunction
with up to nine slave stations to facilitate di-
rect communications throughout the trans-
mitter building.

b. Indicator Lamp Application.

(1) The indicator lamps and switches
may be assigned to any of the station trans-
mitters. However, in the interest of stand-
ardization, and to achieve a greater effi-
ciency in the overall operation of this unit,
a standard system of lamp and switch as-
signments has been adopted.

(2) Circuits requiring switching are
assigned indicators from left to right, be-
ginning with SSB and followed by other
point-to-point circuit designations. Non-
switched circuit indicators are located on the
right side of the indicator positions.

(8) Figure 4-31 illustrates the lamps
and switches associated with two SSB eir-
cuits, each employing the LD-T2 Single
Sideband Transmitter, the AN/FRT-15
Lineup Transmitter, the Transmitting Power
Amplifier (TPA), and a back-up transmitter
equipment group shared by the two circuits.
All red lamps, with the exception of those in
the horizontal strip labeled “B/U”, indicate
whether or not B plus voltage is applied to
the equipments provided as the primary
facilities and the back-up SSB equipment
group. The red lamps in the back-up strip
are used to indicate that the back-up equip-
ment is being employed for a particular cir-
cuit. The green lamps associated with each
circuit indicate that the left or right an-
tenna is connected to a particular trans-
mitter or to the trunk line that is fed by the
back-up transmitter group. The green lamps
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associated with the back-up equipment group
indicates that the particular transmitter in
that group is being fed into the left trunk or
right trunk transmission line. The blue
lamps indicate which transmitter (the
AN/FRT-15 or the LD-~T2) is being used to
drive the power amplifier when the power
amplifier is employed. The green lamps
labeled ‘“‘Carrier On” are illuminated only
when an RF signal is applied to the trans-
mission line. The relative strength of the
signal applied to the left and right an-
tenna is measured by the “Carrier Level”
meter in the center of the console when the
“Carrier Read” button directly below the
“Carrier On” lamps is depressed. The
crystal red lamps associated with each an-
tenna indicate a loss of the carrier signal.
A buzzer alarm also is activated when the
“Carrier Failure” lamps are energized. The
turn key switches below the “Carrier Fail-
ure” lamps are provided to deactivate the
buzzer alarm after the operating personnel
have been alerted to the carrier failure.

(4) Figure 4-32 illustrates the lamps
and switches associated with a MUX circuit
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Figure 4-31. SSB Circuit Indicators.
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employing three RF channels of an MW
transmitter and an AN/FRT-6 high power
back-up transmitter, any one of which can
be switched into one of two antennas. All
lamp and switch functions are similar to
those described for the SSB circuit in the
preceding paragraph.
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Figure 4-32. Switched MUX Circuit Indicators.
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(5) Figure 4-33 illustrates the lamps
and switches associated with six air-ground
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channels and the AN/FRT-15 transmitter
provided as back-up for the air-ground cir-
cuits. Since each of the primary air-ground
channels is connected directly to a doublet
antenna, the left and right antenna lamp in-
dications are not required. The function of
lamps and switches for these circuits is
similar to that described for the ecircuits
covered in the two preceding paragraphs
with the exception of the six green and one
red “Channel Indicator” lamps appearing in
the top row of the air-ground section of the
panel. The red lamp is energized when the
AN/FRT-15 is used on a circuit normally
implemented with one of the six primary
RF transmitters. One of the green lamps
is then energized to indicate which RF chan-
nel is being replaced by the backup trans-
mitter.
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Figure 4-33. Air-Ground Circuit Indicators.
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Section IIl. TEST EQUIPMENT

4-27. General

Within each transmitting station, some
testing facilities are required to measure
circuit variables. Three different test cab-
inets, each containing a definite arrange-
ment of equipment, are available within
Globecom to provide these facilities. De-
pending upon the size of the station and the
type of communications service employed,
any combination of the three cabinets may
be installed at any one station. Each test
cabinet consists of a CY-597 cabinet and the
components as listed in paragraphs 4-28,
4-29, and 4-30. All test equipments listed in
this section of the manual are common to
both the receiver and transmitter stations.

4-28. Test Cabinet "A"

a. The equipment contained in this cab-
inet are one speaker panel, one CV-89 Fre-
quency Shift Converter, one SP-600 Re-
ceiver, one FR—47/U Frequency Meter, and
two jack strips.

b. The receiver, speaker, and converter
are provided to monitor the transmitted sig-
nals. The FR-47/U Frequency Meter covers
the range of 15 KC to 30 MC and is used as
the secondary frequency standard for all

transmitting equipment. The jack strips pro-
vide maximum flexibility for the use of the
test equipment in connection with rerouting
the RF and AF inputs and outputs.

4-29. Test Cabinet "B"

The equipment contained in this cabinet
are one 754-B Audio Level Indicator, one
1932-A Distortion and Noise Measuring
Indicator, one 1176 Audio Frequency Meter,
one 804-HR Oscilloscope, one 200-ABR
Audio Oscillator, two jack strips, and two
AM-48 Dual-Channel Audio Frequency
Amplifiers. This cabinet contains all the
facilities required for making tests and ad-
justments involving the audio frequencies.
Maximum flexibility for the use of the equip-
ment is obtained with switching provided by
the jack strips.

4-30. Test Cabinet "C"

The equipment contained in this cabinet
are one 1176 Audio Frequency Meter, one
304-HR Oscilloscope, one 200-ABR Audio
Oscillator, and one AM-43 Dual-Channel
Audio Frequency Amplifier. This cabinet is
similar to the type “B” cabinet and is used
in a similar manner at small stations.
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Chapter 3
TRANSMITTER SITE ENGINEERING CRITERIA

Section 1.

4-31. General

The type and size of buildings selected for
any one Transmitter Site is determined by
a combination of factors which include ex-
isting facilities, the geographical location of
the site, and the circuit requirements. In
some parts of the world, prefabricated build-
ings have been erected which were designed
especially to provide the most expeditious
and least expensive means of obtaining the
necessary construction. At other locations,
existing buildings will be or have been
rehabilitated to provide adequate housing
of the equipments consistent with the engi-
neering criteria for Globecom. Require-
ments involving new sites, and new facili-
ties to replace totally inadequate existing
facilities, have resulted in the construction
of a new type of building which has be-
come a standard for the Globecom Trans-
mitter Sites. This type of building is de-
signed to provide housing for the personnel
as well as for all equipment. At most instal-
lations, a separate power building is pro-
vided to house power generating facilities.

4-32. Transmitter Building

a. Equipment Wings.

(1) The standard Globecom Transmit-
ter Building is composed of four wings in
the form of a cross, as illustrated in figure
4-34. Three of these wings are allocated
entirely to the housing of transmitting equip-
ment. The designing of transmission lines
to maintain the proper electrical character-
istics of the lines between the equipment and
the antennas with which they are connected
presents one of the greatest problems in the
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engineering of a transmitter station. These
lines must be carefully engineered and in-
stalled, and should enter the building as
closely as possible to the associated equip-
ment. Since open wire transmission lines
are used, it is desirable that all transmitting
equipment be located along an outside wall.
To provide a maximum outside wall area,
the cross-shaped building is used.

(2) Standard transmitter buildings are
available in different sizes to provide for
varying space requirements, but the only
major difference between the several sizes
is in the length of the wings. The build-
ings are so designed that they may be
readily expanded in size by extending the
end of each wing to accommodate addi-
tional equipment which may be required
for future operations. The smallest stand-
ard transmitter building now in use consists
of wings 60 feet in length. The wings of
each successively large building are increased
in increments of 20 feet. Equipment wings
with a length of 60, 80, 100, and 120 feet
are currently provided. The width of the
equipment wings for all of the standard type
transmitter buildings has been established
at 30 feet.

(3) Ancther characteristic feature of
the standard building is the location of
transmission line ports along the top of the
wall of each equipment wing. These ports
are fitted with an insulating material
through which the transmission lines may
be safely extended to the outside of the
building. The size and location of the ports
have been selected to provide the maximum
number of transmission lines permissible
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Figure 4-34. Standard Globecom Transmitter Building
Configuration.

per unit length of wall space. The center
of each port is four feet from the center of
each adjacent port. Each port is approxi-
mately two feet square.

(4) Expectionally high ceilings in the
equipment wings provide considerable space
above the transmitters. This space accom-
modates large air ducts which are used to
ventilate the wings, and a system of antenna
trunk lines and switching devices.

(5) Although it would be ideal to have

the transmission line to one antenna con- -

nected directly and permanently to a trans-
mitter located under the port of entry of
the line, it is often desirable for operational
reasons to switch the transmitter from one
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antenna to another. This switching is
accomplished by the action of specially de-
signed switching devices. The switching de-
vices are controlled electrically from antenna
contractor control panels located adjacent
to the transmitters.

(6) Included in the initial construction
of the building is a network of trenches in
the floor which are provided to accommodate
all power and control cables required for
the equipment. The transmitters and aux-
iliary equipment cabinets are positioned over
the trenches so that the cabling is accessible
through an opening in the bottom of each
unit. The trenches provide for great flexi-
bility in respect to the placement of the
equipment and permit control and power
cable routing in a manner which minimizes
the length of cabling required.

b. Utility Wing.

(1) The width of the utility wing for a
standard transmitter building is 38 feet, but
the length of the wing may be varied to
provide sufficient space to accommodate the
utilities required at different sites. Lengths
of 137 feet and 150 feet have been selected
as standards for this wing.

(2) Within the utility wing is a space
normally allocated to the microwave and
intersite terminal equipment. This equip-
ment includes microwave transmitters and
receivers, pulse amplitude time division mul-
tiplex units for combining and separating
the signals transmitted and received on the
microwave link, landline cable termination
if required, and voice frequency keyers and
converters. Details on the operation and
application of this equipment are presented
in Part Seven of this manual.

(8) Other space in the utility wing is
allocated to maintenance, supply, and ad-
ministration facilities, and to living quarters
for the assigned personnel. In addition to
separate rooms for the personnel, the living
quarters include a combination lounge, game
room, and complete messing facilities.

e. Water Cooling Requirements.

" (1) Some Transmitter Sites include
transmitting equipment which utilizes a
water cooling system to dissipate the heat
generated by the amplifier tubes. Wherever
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a water cooling system is employed, special
provisions are made to house the additional
equipment required.

(2) When water-cooled transmitting
equipment is employed, it is always installed
in the center equipment wing (that wing
on a common axis with the utility wing),
and an additional structure is provided on
each side of the equipment wing, adjacent
to the intersection of the equipment wings,
to house the pumps and radiators of the
cooling system (see figure 4-34).

(3) Within water-cooled transmitters,
the heat is carried away from the amplifier
tubes by a specially designed plumbing sys-
tem which includes bronze water jackets sur-
rounding the anode of each tube. For ob-
vious reasons, the electrical conductivity of
the water used in a system of this type
must be maintained at a minimum. When
the instruments associated with the system
indicate that the conductivity of the water
has been excessively increased due to con-
tamination, the cooling system must be

Section Il.

4-34, General

a. The equipment utilized as transmitting
facilities throughout the Globecom System
has been chosen to insure maximum fre-
quency stability, adequate carrier frequency
range, and sufficient but not excessive band
width for the type of intelligence to be trans-
mifted. Efforts were made to avoid the
selection of unduly complex equipment.

b. The necessity to change frequency at
least once in the course of an operating day,
in order to overcome the effects of varying
propagation conditions, was another factor
that had to be considered in the planning of
equipment to be utilized. To verify that a
particular frequency is suitable at a par-
ticular time of day, facilities are provided to
indicate suitability in advance and to estab-
lish operation on a new frequency before
diverting traffic from a working frequency.

c. Some equipment employed for long-
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drained and refilled with freshly distilled
water. At each site requiring a supply of
distilled water, a distillation plant is pro-
vided on the second floor just above the
intersection of the building wings.

4-33. Power Building

The power equipment is normally housed
in a separate building located approximately
60 feet from the transmitter building and
in line with the utility wing, as illustrated
in figure 4-34. The capacity required of the
generators installed at a station is derived
from the particular station requirements.
Capacities of standard power generating sets
vary from 100 KW to 1,000 KW. Some com-
prehension of the amount of power these
figures represent is acquired with the realiza-
tion that each 1,000-KW generator could
supply the normal power requirements of a
town of approximately 500 homes. A de-
tailed explanation of the power generating
facilities is presented in Part Six of this
manual.

EQUIPMENT

distance communications is provided with
a system of antenna contactors. This sys-
tem is used to switch the output of the trans-
mitters to either of two antennas, or to a
trunk line feeding other equipment or an-
tennas. The contactor arrangements are
discussed in Chapter 2. Throughout the re-
mainder of this part of the manual, circuits
employing this type of operation will be re-
ferred to as “switched circuits”. Reference
to “non-switched ecircuits” will imply that
the RF units and transmitters under dis-
cussion are connected directly to a trans-
mission line feeding one antenna only.

d. Each link in a communications system
requires facilities for the measurement of
circuit variables if proper operation is to be
maintained. Testing facilities are included
in the Globecom Transmitter Sites, and, in
addition, provisions are made in the station
circuit arrangements for the isolation of any
equipment for servicing or for reassignment
to other than its normal circuit function. The

Y
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ability to perform all switching and equip-
ment transfer operations rapidly is provided
to assure maximum circuit utilization. This
latter provision is effected by the employ-
ment of the RF Patch Panel and the AF
and DC Patch Panels described in Chapter
24

- e. All inputs to the transmitters and all
inputs and outputs of the associated equip-
ment within the station are connected to
appropriate patch panels. This includes RF
lines, audio lines, keying lines, and control
lines. All lines from equipment to the patch
panels are also provided with normal-
through connections at the patch panels to
the lines of associated equipments when
allocated to a particular circuit. However,
any items of the equipment may be inter-
changed with similar items within the station
by means of the patching facilities.

f. In addition to providing point-to-point
circuits to other Globecom stations, the
transmitting facilities must meet weather
broadcast and air-ground requirements in
accordance with a world-wide plan. Similar
transmitting facilities are used at all Globe-
com stations, with only one major difference:
a high-power amplifier is normally provided
for each single sideband transmitter em-
ployed on Beltline circuits to combat the
effect of abnormal absorption of the trans-
mitted signal or possible interference on the
transmitting frequencies employed. This
power amplifier requires special considera-
tion, and its use involves additional equip-
ment and utilities. However, insofar as
controllable factors permit, all facilities are
planned and built to achieve uniformity of
equipment type, arrangement, connection,
switching, and facility control to insure flexi-
bility of operation, ease of supply and main-
tenance, and maximum facility efficiency.

g. In some areas of the world, when utiliz-
ing the HF band of the radio frequency
spectrum (3-30 MC), propagation is not
sufficiently stable to maintain reliable com-
munications, due to severe electrical inter-
ference and high absorptive characteristics
of the circuit path. In areas where these
undesirable conditions persist, a different
system of communications is employed to re-
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duce the circuit outage time to 2 minimum.
To maintain satisfactory communications on
the primary circuits in these areas, trans-
mission techniques utilizing the LF and VHF
band in the radio spectrum are employed.
Operation in these bands requires the use
of equipments considerably different from
those used on the HF circuits and contributes
greatly to the variation of facilities installed
at certain stations. As a general rule, low-
frequency communications and communica-
tions employing the principle of Forward
Propagation by Ionospheric Scatter (utiliz-
ing the VHF band) will be encountered
initially only on non-beltline circuits.

h. All of the above mentioned considera-
tions have resulted in variations in the
Transmitter Site facilities employed within
the Globecom System. However, these var-
iations exist only between the specific items
of equipment selected, the amount of equip-
ment required, the types of buildings, and
the physical location of the equipment within
the buildings at the respective sites. The
engineering planning for all circuits is based
upon firm criteria that result not only from
the above, but from many other consider-
ations.

4-35. Policies

The policies governing the selection and
grouping of equipment for each facility pro-
vided by Globecom are outlined in the follow-
ing paragraphs.

a. Air-Ground.

(1) For each assigned air-ground fre-
quency, one RF channel and one modulator
of a Westinghouse MW Transmitter are
provided as the primary transmitting equip-
ment. Transmitters so provided are ar-
ranged with three RF units and their asso-
ciated modulators connected to one power
supply; that is, three RF units and three
modulators are connected to one rectifier.
This arrangement is referred to as an “MW
83-3-1 unit”.

(2) Spare MW transmitters are not pro-
vided for air-ground use. However, if only
a portion of an MW 3-3-1 is used, the entire
unit is installed.

(8) Three transmission line ports are
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required for each air-ground MW 3-3—-1 unit.
When more than one MW 3-3-1 is installed,
all ports used are adjacent. The transmit-
ters are installed so that the centerline of
the middle RF unit of each air-ground MW
is in line with the centerline of the middle
port that serves that particular MW.

(4) Each air-ground RF unit is con-
nected to a delta-matched doublet antenna
by a 600-ohm transmission line. Antenna
switching is mnot provided. If extra RF
units are provided (see paragraph (2),
above), transmission line ports to accommo-
date these units are left vacant.

(5) One NR-105, Model 4, Frequency
Shift Keyer (FSK) is provided for each RF
unit installed. NR-105 spares are not speci-
fied as exclusive air-ground spares, since at
each station RF patching facilities are pro-
vided which permit the vse of any FSK unit
with any transmitter RF unit.

(6) When both voice and CW operation
are specified, installation ecircuitry includes
provisions for remote control of emission,
keying, and modulation. For stations having
voice-only operation, remote selection of
emission is not provided.

(7) One AN/FRT-15 is provided as a
back-up transmitter for each seven air-
ground channels, or fraction thereof. This
transmitter is so connected that it is capable
of voice or CW transmission on any of its
ten pre-set channels. The transmitter as in-
stalled permits channel selection at the
Transmitter Site only.

b. Point-to-Point.

(1) Single Sideband (SSB). 'The single
sideband mode of transmission is employed
to interconnect all Beltline and some Tribu-
tary Stations. Since the Beltline circuits pro-
vide the primary channels along which com-
munications flow to and from the United
States and overseas theatres, and between
theatres, additional equipment is provided
in the Beltline stations to insure continuity
of operation.

(a) Beltline Circuits.

1. The transmitting equipment for
each single sideband beltline circuit consists
of one LD-T2 Transmitter, one AN/FRT-15
Transmitter for line-up purposes, and one
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power amplifier (TPA or similar equip-
ment). Collectively, these equipments are re-
ferred to as an “SSB group”.

2. Antenna switching of the final
RF signal to either of two balanced trans-
mission lines feeding a high-band and a low-
band HF rhombic antenna is provided. An-
tenna switching provides for simultaneous
operation of the line-up equipment on one
antenna and the SSB equipment on the other
antenna.

3. The single sideband transmitter
is located to the right and the AN/FRT-15
line-up transmitter to the left of the power
amplifier. Sufficient space is left between
the transmitters and the power amplifier for
servicing.

4. The power amplifier is located
so that its antenna insulators are in line
with the centerline of the center port of
three adjacent antenna transmission line
ports. The transmission lines enter the first
and third entrance ports.

5. All TPA rectifiers are located as
near as possible to the power amplifier, but
on the opposite side of the aisle.

6. For each three SSB equipment
groups, or fraction thereof, one additional
group is provided for back-up. The back-up
is located in the available space, and is so
arranged that the spare facility is between
the primary single sideband facilities when
two or more active circuits are employed,
and adjacent to the primary facility when
only one single sideband circuit is employed.

7. Installation of the back-up single
sideband equipment follows the criteria of
the primary single sideband equipment, with
the exception that the antenna contactor
arrangement provides for switching the out-
put of the RF units to any of the antennas
associated with the primary single sideband
facilities.

(b) Tributary Circuits.

1. The transmitting equipment for
each single sideband tributary cireuit con-
sists of an LD-T2 Transmitter and one
AN/FRT-15 Transmitter for line-up pur-
poses. High-power amplifiers (TPA or sim-
ilar equipment) are provided when required
by circuit propagation characteristics.

O

O



-

t June 1956

2. Antenna switching of the final
RF signal to either of two balanced trans-
mission lines feeding a high-band and a
low-band HF rhombic antenna is provided.
Antenna switching also provides for simul-
taneous operation of the AN/FRT-15 on
one antenna and the single sideband trans-
mitter on the other antenna.

3. The AN/FRT-15 is located on
the left side and adjacent to the single side-
band transmitter when the high-power
amplifier is not installed.

4. Alternate transmission line ports
are used, and the equipment is so located as
to maintain equal feeder lengths from the
transmitters to the assigned ports.

5. Single sideband tributary -cir-
cuits are provided with back-up groups in
the ratio of one to three (or less) SSB
groups. Some beltline stations have both
tributary and beltline SSB circuits. In such
cases, back-up is provided for the total num-
ber of SSB groups in the station. For ex-
ample, a station with two beltline and one
tributary SSB circuit would be provided with
one back-up group; or, two tributary and
two beltline SSB circuits would be provided
with two back-up groups. Antenna contactor
control panels are provided.

(2) Other Than SSB Circuits.
(a) General.

1. All Globecom circuits, with the
exception of SSB, employ conventional trans-
mission techniques. The transmitters that
are most extensively used for this type of
HF transmission are the MW and 96-D.
These transmitters are installed with one
modulator to each equipment bank.

2. All circuits that use rhombic
antennas are provided with antenna switch-

ing contractors. This provision for switch-

ing permits the connection of the output
from any RF unit in a bank to either of
two balanced transmission lines feeding a
high-band and a low-band HF rhombic an-
tenna. Antenna switching also provides for
simultaneous operation of any two RF units
in a transmitter bank.

3. Circuits that use doublet or dis-
cone transmitting antennas are not equipped
with antenna switching facilities. For a
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circuit employing two doublet antennas, the
end RF units of a 3-1-1 transmitter are
utilized for primary operation, and the mid-
dle RF unit is designated as a spare.

4. One NR-105, Model 4, Frequency
Shift Keyer is provided for each RF unit
of the MW transmitters installed. One
NR-105, Model 4A, Frequency Shift Keyer
is provided for each RF unit of the 96-D
Transmitters installed.

5. Point-to-point circuits may be
divided inte three types of operation, based
upon the antenna switching provisions and
equipments employed. These types are “the
switched circuit with no back up”, ‘“the
switched circuit with high-power back-up”,
and ‘““the non-switched circuit.”

(b) Switched Circuits Without High-
Power Back-up.

1. These circuits are provided with
the MW 3-1-1 transmitters.

2. Switching of the output of any
RF unit in a bank to either of two balanced
transmission lines feeding 2 high-band and
a low-band HF rhombic antenna is pro-
vided. Antenna switching is also provided
for the connection of any two of the RF
units to appropriate antennas for simul-
taneous transmission.

3. BEach MW 3-1-1 transmitter re-
quires two adjacent transmission line ports.
The equipment is located so that the center
of the middle RF unit is in line with the
centerline between the two ports.

(¢) Switched Circuits With High-
Power Back-up.

1. These circuits are provided with
MW 3-1-1 transmitters as the primary
equipment, and an AN/FRT-6 as a back-
up transmitter.

2. Each of the primary transmit-
ters requires two adjacent transmission line
ports, and the equipment is located so that
the center of the middle RF unit is in line
with the centerline between the two ports.

3. From one to three MW transmit-
ters may be operated with one AN/FRT-6
as a high-power back-up transmitter. The
AN/FRT-6 is located in line with, and at
the extreme right or left end of, the line
of primary equipment.
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4. Antenna switching is provided
to connect any RF unit in a transmitter bank
to either of two balanced transmission lines
feeding a high-band and a low-band HF
rhombic antenna. Antenna switching also
provides for the connection of any two RF
units in each bank to the appropriate an-
tennas for simultaneous transmission.

5. Switching also provides for the
connection of the AN/FRT-6 RF output to
either the high- or low-band rhombic an-
tenna associated with each primary trans-
mitter.

(d) Non-Switched Circuits.

1. These circuits normally are pro-
vided with MW 3-1-1 or 96-D 3-1-1 trans-
mitters.

2. One transmission line port is
assigned for each RF unit installed, and
ports associated with each transmitter bank
are adjacent. The 8-1-1 combination is lo-
cated so that the center RF unit insulators
are in line with the center port.

(e) Forward Scatter Circuits.

1. All circuits employing the prin-
ciple of Forward Propagation by Ionospherie
Scatter (frequently referred to as VHF/For-
ward Scatter) were engineered and installed
by a private firm.

2. These circuits are provided with
AN/FRT-6 Transmitters modified for oper-
ation in the VHF band of the radio-frequency
spectrum.

8. Forward scatter transmitting
equipments are located within the building
s0 as to present a minimum of transmission
line loss between the equipment and the
associated antennas. Final loecation is de-
termined by the placement of the antenna
and the available space. :

4. Auxiliary equipments associated
with this facility usually are mounted in
two cabinets located adjacent to and in line
with the transmitter. The forward scatter
facilities can be operated independently of
other facilities when housed in a building
shared by equipments which are used in other
Globecom circuits. The first cabinet con-
tains RF, AF, and DC patch panels, and
test equipment peculiar to the forward secat-
ter cireuit. The second cabinet contains a
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specially designed RF oscillator and fre-
quency shift keyer. When located in a build-
ing shared by other facilities, the audio and
control lines of this equipment are connected
to the AF and DC patch panels which are
common to all the Globecom facilities -within
the station to maintain continuity in the
overall system.

5. A coaxial line conducts the RF
energy from the transmitter to a point ex-
ternal to the building at which the energy
is transferred to a balanced line.

(f) Low-Frequency Circuits.

1. Low-frequency circuits are pro-
vided with the PW-10 Transmitter when
nominal power is required, and with the
AN/FRT-4 when high power is required.
Final selection of equipment is determined
by propagation studies.

2. One transmission line port is re-
quired for each low-frequency circuit. Each
transmitter is connected to a vertical radia-
tor by a balanced transmission line. A helix
house is provided to facilitate antenna tun-
ing. Circuitry between the helix house and
the transmitter provides antenna current
monitoring at the transmitter.

3. Low-frequency back-up trans-
mitters are not provided. High-frequency
facilities are provided as a back-up for the
low-frequency circuits.

4. One NR-109 Frequency Shift
Keyer is provided for each PW-10 Transmit-
ter. Additional frequency shift keyers are
not provided for the AN/FRT-4 Transmit-
ters.

5. When identification of the radio
signal is specified for navigational aid pur-
poses, the output of a Low-Frequency Iden-
tification Unit is connected directly to the
suppressor of a low-level RF stage of the
transmitter, and adjustments are made to
effect a thirty percent amplitude modulation
of the radiated RF carrier. The Low-Fre-
quency Identification Unit is located in the
common equipment racks.

¢. Broadecast Circuits.

(1) Circuits used to broadcast teletype-
writer and facsimile weather information are
provided with MW 8-1-1 or 96-D 3-1-1
transmitters. All weather circuit transmit-
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ters are located in the same area when space
is available.

(2) One MW 8-1-1 transmitter com-
bination is provided for each two frequencies
assigned. One transmission line port is pro-
vided for each RF unit installed. The equip-
ment is positioned so that the center RF
unit is in line with the center of the middle
transmission line port. The center RF unit
is designated as a spare. Transmitters as-
signed for transmission of the same intelli-
gence normally are installed adjacent to each
other.

(3) One NR-105, Model 4, Frequency
Shift Keyer is provided for each MW 3-1-1
RF unit installed. One NR-105, Model 4A,
Frequency Shift Keyer is provided for each
96-D 3-1-1 RF unit installed.

d. Auxiliary Equipment.

(1) CV-172/U Facsimile Converter.
One facsimile converter, mounted in the fac-
simile monitor cabinet, is provided at each
station having facsimile circuits.

(2) KY-44/FX Facsimile Keyer
Adapter. One keyer is provided for each
point-to-point facsimile circuit and each fac-
simile broadcast facility at each station. One
spare keyer adapter is provided for each five
units. The keyer adapters are mounted in
CY-597 cabinets, with a maximum of six
units in each cabinet.

(8) Ky-45/FRT-5 Frequency Shift
Keyers. This equipment is provided on the
basis of one unit for each two point-to-point
facsimile circuits, with a minimum of two
units at any station employing facsimile
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point-to-point operation. The equipment is
used when a facsimile circuit is desired of a
higher quality (photo detail) than can be
attained by use of the NR-105 Frequency
Shift Keyer.

(4) 0-91/FRT-5 Stabilized Master
Oscillator. This unit is provided on the basis
of one for each KY-45 at each station.

(5) PP-454/FRT-5 Power Supply.
This unit is provided on the basis of one for
each combination of a KY-45 and an 0-91.
Two KY-45/FRT-5 Frequency Shift Keyers,
two 0-91/FRT-5 Stabilized Master Oscilla-
tors, and two PP-454/FRT-5 Power Sup-
plies are mounted in one CY-597 cabinet.

(6) RD-92/UX Facsimile Recorder.
One unit is provided at each station that
transmits facsimile signals. The facsimile
recorder is mounted in the facsimile monitor
cabinet.

(7) NR-105 Frequency Shift Keyer
(High-Frequency). This unit is provided on
the basis of one NR-105, Model 4, for each
MW RF unit within a station, and one
NR-105, Model 4A, unit for each 96-D RF
unit within a station.

(8) NR-109 Frequency Shift Keyer
(Low-Frequency). This unit is provided on
the basis of one for each PW-10 low-fre-
quency transmitter within the station, plus
one station spare.

(9) Supervisory Console. The super-
visory console is provided on the basis of one
for each Beltline station and for some large
Tributary stations.
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Chapter 4
TYPICAL STATION

Section 1. EQUIPMENT LAYOUT

4-36. General

The purpose of this chapter is to illustrate
the application of the various electronic
facilities that are used at the Transmitter
Site of the typical Beltline station deseribed
in this manual. The number, type, and ar-
rangement of equipment are based on the
assumed circuitry for this typical station
and on current Globecom engineering poli-
cies. -

4-37. Equipment Floor Plan

. The transmitter building equipment floor
plan provides for all transmitters and aux-
iliary equipment required to implement the
circuitry as presented in Chart 2-1 in Part
Two of this manual. As illustrated in figure
4-35, floor plan numbers 1 through 30 have
been allocated to the Intersite microwave
link and associated terminal equipment, and
to the VFTG equipment used for transmitter
control and signal conversion. These facili-
ties are explained in Part Seven of this man-
nal. The floor plan numbering of all other
squipment located in the transmitter build-
ing follows in numerical order, beginning in
the “A” Wing adjacent to the Power Distri-
oution Panels (see figure 4-36), and progres-
sing along the wall of each wing in a clock-
wise direction. Certain floor plan numbers
ire omitted where space has been reserved
0 accommodate additional equipment that
nay be required for future use.
a. “A” Wing (Fig. 4-36).

(1) Equipment floor plan numbers 32,

33, 35, and 36 are all MW 3—1-1 transmitters
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provided for radio teletypewriter and fac-
simile broadeast of weather data. Number
34 is a CY-597 Cabinet in which are mounted
the control panels for the MW Transmitters
and the carrier failure alarm relay panels
associated with these circuits.

(2) Equipment floor plan number 37 is
an AN/FRT-4 Low-Frequency Transmitter
which provides the facilities for the trans-
migsion of a 4-channel multiplex teletype-
writer signal and a coded signal to enable
aircraft to identify the transmitter station
and use its signal for homing purposes.

(3) Equipment floor plan numbers 38,
39, and 41 are MW 3-1-1 transmitters used
in point-to-point circuits. Numbers 38 and
39 are provided for facsimile transmission,
and is provided for transmission of a multi-
plex 4-channel teletypewriter signal. Equip-
ment floor plan number 42 is an AN/FRT-6
Transmitter provided for high-power back-
up for the MW transmitters as required
by prevailing propagation conditions.
Equipment number 40 is a CY-597 Cabinet
in which are mounted the control panels
for the three MW transmitters and switch
panels for the control of the antenna con-
tactors associated with this group of trans-
mitters.

(4) Equipment number 44, an MW
3-1-1 transmitter, is termed a “spare” and
is not used on an active circuit. It is pro-
vided to facilitate rapid expansion of the
station capability when necessitated by
emergency requirements.

(5) Equipment numbered 45 and 47 are
MW 3-1-1 transmitters. The former is used
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Figure 4-35. Building Intersection Equipment Layout.

for radio telephoto transmission, whereas
the latter is used for the transmission of a
4-channel multiplex teletypewriter signal.
The control panels and the carrier failure
alarm relay panel for both of these trans-
mitters are mounted in a CY-597 Cabinet,
number 46.
b. “B” Wing (Fig. 4-37).

(1) Equipment numbered 48, 53, and
66 are rectifier and power supply units for
the Transmitting Power Amplifiers asso-

ciated with the three single sideband equip-~
ment groups located in this wing. Equip-
ment number 49, 62, and 67 are
AN/FRT-15 Transmitters, each of which

is associated with a single sideband group.

Equipment numbered 50, 63, and 68 are the
Transmitting Power Amplifiers (TPA).
Equipment numbered 51 and 64 are dis-
tortion measuring bays associated with the
single sideband equipment, and equipment
numbered 52, 65, and 69 are the LD-T2
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Single Sideband Transmitters. All of these
items form three complete groups of single
sideband equipment.

(a) Equipment numbered 49, 50, 51,
52, and 66 are all associated equipment which
constitute a single sideband group. The
LD-T2 Transmitter of this group of equip-
ment provides the facility for frequency
diversity transmission of six teletypewriter
channels and one voice channel.

(b) Equipment numbered 53, 62, 63,
64, and 65 are associated equipment which
constitute a single sideband group, and pro-
vide facilities for another single-sideband
circuit.

(¢) Equipment numbered 67, 63, 69
and 48 compose another single sideband
group of equipment which is provided as a
back-up facility for either of the single side-
band groups mentioned in sub-paragraphs
(a) and (b), above.

(2) Antenna contactor switching con-
trol panels, mounted in the CY-597 Cabinet,
number 70, provide the facilities for switch-
ing the RF output of the transmitters in
the three single sideband groups to the ap-
propriate antennas or to associated equip-
ment,

(8) Equipment numbered 57, 58, and
59 are associated equipment which constitute
the group provided for the transmission of
a multiplexed 4-channel teletypewriter signal
through the medium of Forward Propaga-
tion Ionospheric Scatter (FPIS). Number
59 is an AN/FRT-6 Transmitter which is
modified for FPIS operation. Number 57 is
a cabinet which contains a monitor receiver
and the distribution facilities for the asso-
ciated terminal equipment. Number 58 is a
cabinet containing the radio-frequency oscil-
lator from which the basic signal is derived,
and the associated frequency shift keyer.

e. “C” Wing (Fig. 4—38). ,

(1) The screened room, equipment floor
plan number 76, contains two test cabinets
which appear on the floor plan as numbers
77 and 78. Number 77 is a Type “A” Test
Cabinet, and number 78 is a Type “B” Test
Csbinet. This equipment provides the facili-
ties for checking the performance of trans-
mitting equipment throughout the station.

AACSM 100-6

Reference should be made to Chapter 2 for
an explanation of the contents of each type
of test cabinet.

(2) Equipment numbered 79 and 81
are AN/FRT-15 Transmitters. These par-
ticular items provide back-up facilities for
the primary air-ground transmitters. Equip-
ment number 80 is a CY-597 Cabinet which
contains the carrier failure alarm relay pan-
els for the air-ground back-up circuits.

(3) Equipment numbered 82, 83, and
85 are MW 8-1-1 transmitters. Numbers
82 and 85 are used for radio-facsimile trans-
mission, and number 83 is used for transmis-
sion of a 4-channel multiplex teletypewriter
signal. Equipment number 86 is an
AN/FRT-6 Transmitter which provides
high-power back-up for any one of the three
MW transmitters in this group, as may be
required by the prevailing propagation con-
ditions. Equipment number 84 is a CY-597
Cabinet which contains control panels for the
MW transmitters and switch panels which
control the antenna.

(4) Equipment number 87 is another
MW 3-1-1 transmitter used for transmission
of a 4-channel multiplex teletypewriter sig-
nal. This transmitter provides a high-fre-
quency back-up to the low-frequency circuit
implemented with the AN/FRT—4 (equip-
ment number 37) located in the “A” Wing.
A CY-597 Cabinet (equipment number 88)
is provided to accommodate the transmitter
control panel and the switches for the an-
tenna contactors associated with this circuit.

(5) Equipment numbered 94 and 95 are
both Wilcox 96-D 3-1-1 transmitters. The
six r—f units in the group are used for radio
teletypewriter transmission on three differ-
ent two-frequency circuits to provide back-up
for three landline teletypewriter circuits.

(6) Equipment number 96 is an MW
3-1-1 transmitter which is provided for
operation of a three-frequency CW net. Num-
ber 97 is a CY-597 Cabinet in which is
mounted the control panel associated with
equipment number 96, and carrier failure
alarm relay panels associated with circuits
numbered 19, 20, 21, 32, and 33.

(7) Equipment number 98 is a spare
MW 3-1-1 transmitter.
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(8) Equipment numbered 99, 100, 102,
and 103 are MW 3-3-1 transmitters. These
transmitters provide the facilities for air-
ground voice communications. Equipment
number 101 is a CY-597 Cabinet which ac-
commodates the transmitter control panels
and carrier failure alarm relay panels asso-
ciated with the four MW air-ground trans-
mitters.

(9) Equipment number 104 is an RF
patch panel, and numbers 105 and 106 are
each an AF and DC patch panel. These
items facilitate the distribution of all signal
and control voltages to and from the equip-
ment throughout the station.

(10) Equipment 107 through 128 are
CY-597 Cabinets in which are mounted the
auxiliary equipment that is required for
operation of the station. The auxiliary equip-
ment cabinets in the typical station accommo-
jate sixty NR-105, Model 4 or 4A, Frequency
Shift Keyers, eight KY-44 Facsimile Keyer

I June 1956

Adapters, six NR-115 Variable Frequency
Oscillators, six 0-91 Radio Frequency Oscil-
lators and associated KY—-45 Frequency Shift
Keyers, two voltage regulators, one Low-
Frequency Xeyer Identifier Unit, one
CV-172/U Facsimile Converter, and one
RD-92/UX Facsimile Recorder.

d. Building Iniersection (See Figure
4-35).

(1) Equipment floor plan number 129
is the Supervisory Console which provides
the facilities for monitoring the operational
status of all transmitters and antennas
throughout the station. The items compris-
ing the Supervisory Console are explained
in Chapter 2.

(2) Equipment number 130 is a Model
19 Teletypewriter mounted on a dolly and
provided for the purpose of monitoring and
testing the teletypewriter -cirenits imple-
mented in the station.

Section Il. EQUIPMENT ASSOCIATION AND CIRCUITRY

+-38. General

a. The types of signals received from the
Jommunications Relay Center (through the
Intersite facilities) for transmission to other
slobecom stations include voice, manual
elegraphy, facsimile, single-channel tele-
ypewriter telegraphy, 4-channel teletype-
vriter telegraphy time division multiplex,
ind 6-channel teletypewriter telegraphy fre-
(uency division multiplex. The modes of
ransmission employed at the Transmitter
jsite include both the conventional transmis-
ion and single sideband suppressed carrier
ransmission. The carrier frequencies util-
zed are in the low frequency (LF), high
requency (HF), and very high frequency
VHF) bands of the radio frequency spee-
ruam. :

b. The major differences between the
acilities employed for the various types of

peration as noted above lie in the band

ridth requirements, power outputs, antenna
election, wave lengths, and mediums of
ropagation.

c. For a voice circuit, the amplitude of

36

the RF carrier is varied in accordance with
the intelligence. For manual CW telegraph,
the RF carrier is keyed on and off to form
an intelligible code. For facsimile or tele-
typewriter transmission (both single- and
multi-channel teletypewriter) the RF carrier
is shifted to either side of a center frequency
in accordance with the intelligence. Modu-
plexing, wherein the frequency of the RF
carrier is shifted in accordance with one
signal and the amplitude of the RF carrier
is varied (with limitations) in accordance
with another signal, is employed in some low-
frequency circuits to provide a navigational
aid in addition to the normal point-to-point
transmission.

d. The single sideband (SSB) mode of
operation is used to transmit the 6-channel
frequency division multiplex teletypewriter
signal. Provisions also are made for a voice
or facsimile channel on SSB circuits.

e. The association of equipment that is
provided to implement the ecircuits in the
typical Globecom transmitting station is dis-
cussed in following paragraphs. An explana-

C
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tion is given for the normal operation of
each type of circuit, and the continuity of
inter-equipment circuitry is illustrated.
Only that circuitry normalled through at
the patch panels to associated equipment is
shown in the illustrations. Additional cir-
cuitry, which is provided from the equip-
ments to the patch panels to achieve maxi-
mum capability and flexibility of operation,
is noted throughout the narrative. A de-
tailed explanation of the Intersite facilities
over which signals are relayed to the Trans-
mitter Site is presented in Part Seven.

4-39. Air-Ground Facilities

a. Primary Facilities (Fig. 4-39).

(1) The RF signal is generated by the
FSK unit adjusted for zero shift at a sub-
multiple of the assigned operating frequency
and is applied to the appropriate MW chan-
nel through a coaxial plug connection at the
RF Patch Panel. The RF signal is multiplied
and amplified within the transmitter, and
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