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Closed circuit television cameras focus on briefing mation gathered at these sessions forms basis for
otficer at SAC's underground command post. Infor- “alerts” issued over Primary Alerting System.
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H. J. Michael and H. M. Pruden

SAC’s Primary Alerting System

“Peace is our Profession” is the slogan of the
Strategic Air Command, whose mighty retaliatory
force is a major factor in insuring continued
peace in the world. To fulfill its mission ade-
quately, SAC must be ever alert—ready to go into
action at a moment’s notice.

Under recently established “airborne alert”
training procedures, a certain proportion of SAC’s
bomber fleet is airborne at all times. In addition,
a substantial portion of the bombers are on
“ground alert” status. These are always ready
to take off, to be airborne within minutes after
receiving warning of an attack. In this business,
time is precious. Every second cut from the
time lapse between first awareness of attack to
the command to “scramble” means more bombers
in the air, ready to carry retaliatory devastation
to the enemy, and fewer vulnerable bombers on
the ground.

Playing a vital role in cutting this time lapse
is communications—getting immediate word of
imminent attack to all the far-flung sSaC bases.
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To obtain the extra precious seconds needed to
launch a maximum force, SAC now has in opera-
tion the Primary Alerting System (PAS). This
system provides a ready-to-use communication
network for broadcasting “alert” announcements
to all sac bases, with emphasis on voice com-
munication. It is a permanently assembled net-
work, furnished as a Bell System service. Spe-
cially designed signaling and alarm arrangements
are incorporated to insure the reliability and con-
tinuity necessary in so important a service.

The Primary Alerting System was developed
at the request of the Air Force. The A.T.&T. Co.,
Western Electric Co., and Bell Laboratories
worked with customary teamwork, and the sys-
tem was planned, designed, manufactured, and
put into service in less than one year.

The Air Force has two prime requirements:
(1) that the network always be immediately avail-
able to broadcast alerts; and (2) that it have
maximum vreliability. To provide the desired
availability, the system uses a so-called “hot-line”
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arrangement. In this way, the voice path is
always available directly from a controller to all
bases with no intermediate switching required.

In order to visualize the function of the alert-
ing system more easily, a brief description of
SAC's geographical organization is in order. SAC
headquarters, the nucleus of the command, is
at Offutt Air Force Base, Omaha, Neb. Major
subordinate commands within the continental
United States consist of three numbered Air
Forces and a missile division. These Numbered
Air Force (NAF) bases exercise authority and
control over all SAC units within three geograph-
ical areas covering the eastern, central, and
western portions of the United States. More than
sixty SAC bomber units are located within these
three areas.

As a step in providing the required reliability,
the system designers employed dual 4-wire lines
throughout the network. This is illustrated in
the simplified layout of the network shown below.
All outgoing lines bridge at sAc headquarters
and radiate outward to the Numbered Air Force
headquarters and their associated Air Force
bases. At each NAF headquarters, the incoming
line from SAC is permanently connected to other

Network of communication lines for
Primary Alerting System with circuits
interconnecting SAC headquarters, Numbered

Air Force bases. and their associated air bases.
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lines going out to its associated bases. Thus, there
are two separate lines to each Air Force base,
laid over separate routes and using separate
equipment; one line goes direct from sacC head-
quarters and one goes via the NAF headquarters.
(For reasons of economy, overseas bases will not
in all cases have direct circuits from SAC head-
quarters, although they will be reached via two
alert circuits.) Each line also appears in a console
at headquarters, and it is possible to hold conver-
sation on a selected line without causing interfer-
ence on any other line.

Continuous Supervision

As a further measure to insure reliability, all
lines, including the circuits on each base, are
under continuous electrical supervision and have
suitable alarms at the originating-headquarters
end of each circuit. This provides SAC with an
“up-to-the-second” status check on each circuit.

Because the continuity of all circuits must be
checked, even while they are in use, a frequency-
sharing, or “slot,” signaling technique is used.
This technique requires that a band about 250
cyeles wide be derived in the normal speech chan-
nel. All signals are transmitted in this 250-cycle
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Senior Controller at sac
underground headquarters
in Omaha places a test call
over the PAS “Red Phone.”

slot. The basic talking and signaling path for all
circuits is outlined in the diagram on page 238.
As indicated, band-rejection filters isolate all
telephones and loudspeakers connected to the
voice circuits. These filters prevent listeners
from hearing the signaling tones and keep voice
currents from interfering with signaling.

All signals are transmitted over the voice cir-
cuits by carrier telegraph terminals, designated
“43A1,” which operate at voice frequencies. Dif-
ferent frequencies are used for signaling in
opposite directions to prevent confusion in the
signaling system if the two sides of a 4-wire
circuit cross each other.

The signals passed through the 43A1 terminals
are simple and highly redundant. These charac-
teristics help to insure the reliability of the sys-
tem, even under adverse conditions. The signals
include those for: testing cireuit continuity in
both directions; sending alerts toward the bases
and acknowledgment signals toward headquar-
ters; and a call signal toward headquarters for
non-alert calls. The arrangements for these
signals and their purposes will be explained below.

Circuit continuity is checked by transmitting
a short tone pulse every three seconds on the
“send pair” of the four-wire circuit. Each Air
Force base has an electronic pulse repeater that
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returns an answering pulse at a lower frequency
to headquarters on the “receive pair’” of the
circuit. The originating end of each circuit is
equipped with a receiving circuit synchronized
with the pulse-generator circuit, so that only
pulses received at the correct time are accepted

as valid reply pulses. These receivers are
arranged to send alarms to both Air Force and
Operating Telephone Company personnel if the
reply pulses fail to arrive after 20 seconds, or if
too many false pulses are received.

Circuits on the base itself are also checked for
continuity by a flow of direct current. If this
current is interrupted, the tone pulses normally
returned toward the headquarters are blocked.
This causes the circuit to send an alarm.

The alerting and acknowledgment signals,
which are sent in opposite directions, are 100-
millisecond pulses transmitted at the rate of five
per second for three seconds. The electronic, slow-
pulse repeaters at the bases prevent retransmis-
sion of these pulses.

A call signal of about one second is used for
calling headquarters from the bases. This call sig-
nal and the acknowledgment signals are auto-
matically timed, and are produced by momentarily
operating the proper key.

All alerts are initiated and all circuit alarms
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and individual acknowledgments are indicated
on specially designed consoles at SAC and NAF
headquarters. The senior controller’s console
shown on page 237 is equipped with a red tele-
phone for alerts and a gray telephone for point-
to-point traffic. All other consoles, at both the
headquarters and the associated bases, have only
gray telephones. In addition to the common keys
and lamps involved in alerting and testing, the
consoles have individual “appearances” for each
line. Each line appearance consists of two lamps
and an illuminated, non-locking, push-button
key. The red lamp, which is at the bottom of the
line appearance, indicates the status of the par-
ticular circuit. If illuminated, it indicates that
the circuit is in trouble. The push-button key
above the red lamp is used to select individual
lines for point-to-point traffic, which will be
described later. The amber lamp above the push-
button is the acknowledgment lamp. Since all
of these may be illuminated at one time, neon
lamps are used for both status (red) and acknowl-
edgment (amber) lamps to minimize instantane-
ous current drain and reduce heat dissipation.

At the Air Force bases each line terminates
in a loudspeaker that is always ready to receive
alerts, and a telephone set for point-to-point
traffic. There is also an ‘“acknowledge” button
used to return acknowledgment signals when
requested, and a ‘“call” button for ringing head-
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VOICE AND
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guarters. The base units are suitably packaged
and conveniently mounted in a special console,
known as the Combat Wing Console, a Bell Sys-
tem service furnished at each base.

The Primary Alerting System is very simple to
operate. To initiate an alert from the underground
sac Command Post at Offutt Air Force Base, the
senior controller merely picks up the special red
telephone and presses the ‘“alert” button on the
alerting console. This transmits both an alerting
tone and an alerting signal simultaneously over
both paths to each base. The former consists of
alternate spurts of tones at 900 and 1400 cps,
transmitted as long as the alert button is oper-
ated. This alerting tone is received on the loud-
speakers at all Air Force bases and serves as a
warning that an alert announcement is coming.
The alerting signal lights the acknowledgment
lamps in the consoles at all headquarters and dis-
connects any point-to-point traffic which may be
on the lines at the time. After the voice alert mes-
sage has been broadcast, all base controllers are
asked to acknowledge receipt of the message by
pressing the ‘“acknowledge” button. This trans-
mits acknowledgment signals simultaneously to
3aC and NAF headquarters, and these signals ex-
tinguish the individual acknowledgment lamps.
The system is arranged so that a controller at
NAF headquarters may also broadcast alerts, in-
cluding the tone, signal and acknowledgments,
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Schematic diagram of equipment at SAC headquarters and associated Air Force bases.
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SAC Control Center Atr Policemen guard the main
entrance corvidor at Underground Command Post.

to his associated bases in the same manner.

Another feature of the system is that during
times when an alert is not in progress, the indi-
vidual lines may be used for point-to-point traffic
between controllers. A headquarters controller,
using the gray telephone handset associated with
the console, may select any desired line merely
by pressing a nonlocking pushbutton on his
console and calling in the selected remote point
by voice. Conversely, a base controller may call
headquarters by operating a pushbutton that
transmits a call signal toward headquarters. On
receipt of this call signal at headguarters, the
associated line lamp flashes at all console posi-
tions, which are in multiple, and an audible
signal sounds. When the call is answered at one
of the console positions by operating the “line”
key, the lamp will flutter at this position, indi-
cating that this is the connected line. At all other
positions, the lamp for this line wiil be steady.

This connection may be released either by
selecting another line or by momentarily operat-
ing the common ‘“release” kev. If this tvpe of
call is in progress at a time when an alert is to
be transmitted, operation of the alert key will im-
mediately disconnect it.

The designers of the Primary Alerting System
have made special efforts to assure continuous ser-
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vice and to permit rapid and easy detection of
troubles should they occur. They duplicated equip-
ment in all eritical parts of the system and provided
adequate alarms. For example, a voice alert may be
broadcast from either one of two completely sep-
arate originating red telephone sets, with their as-
sociated equipment. They provided duplicate send-
ing circuits, including amplifiers and 43A1 send-
ing units. The output is continuously monitored
by feeding back one leg of the output bridge to
a4 monitoring receiver. Should a single pulse of
the alerting signals be missed, an alarm sounds,
and the alternate sending circuit, which is also
continuously monitored, automatically switches
in to replace the regular circuit.

As previously mentioned, every circuit can be
continuously checked, with visual and audible in-
dications of its status. For example, should the
circuit fail or its transmission be impaired by as
much as 12 db for a period of more than 20 sec-
onds, the red status lamp for that circuit will
flash. In addition, at the console a common alarm
lamp will flash and a common audible signal will
sound. When the audible signal is silenced by
operation of the alarm release key. the status
lamp will light steadily. It remains lighted until
the circuit is restored to normal, then goes out.

Arrangements have been incorporated in the
circuit to permit a fairly complete test of this
important feature directly from the console. The
controller need merely hold the continuity check
key operated for a period of 20 seconds. This
key blocks the check pulses from going out on
the line, for as long as it is operated. When no
return pulses are received, the alarm circuit
starts “timing.” At the end of the 20-second
interval, all status lamps will flash. This not only
checks the lamps, but the alarm circuits as well.

System to Be Extended

All reports from the Air Force, as well as those
from the Operating Telephone Companies who
provide and maintain this system, indicate that
the Primary Alerting System has been performing
satisfactorily in all respects. The system is now
being extended to all of SAC’s overseas bases.

The Primary Alerting System is an excellent
example of how the Bell System team, in this
case spearheaded by the Systems Engineering
experience of the Laboratories, is contributing
every day to the defense of our country. This
contribution to the deterrent might of the
Strategic Air Command will hopefully lead to
an even more important goal—world peace.
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» There will be a new supervisory signaling
plan that will be the same in both directions
in respect to format and frequencies.

» Address information will be sent by multi-
frequency pulsing at 10 digits per second.

» All cable circuits will handle two-way traffic
(traflic originating at either end).

» Only machine access will be allowed to trans-
atlantic channels.

In the proposed transatlantic network, the num-
bering plan used in Europe will meet cCITT
recommendations; North America will use the
standard North American plan. Each country
will maintain the internal features it likes. For
European international calls, the CCITT number-
ing plan uses a two-digit country code, a language
digit, an area code which may be a single digit,
an office code and a line number. On a call to
London from anyv other country in Europe, for
example, the dialing might proceed as shown in
the table below.

DIGITS DIALED SWITCHING INFORMATION

44 Country code, United Kingdom
2 Language digit
1 Area code, Londen
222 Office code
1234 Line number

The language digit, the second entry in the
table, denotes the language of the calling country.
This is to ensure that calls requiring operator
assistance in the called country will be directed
to an operator who speaks the language of the
calling country. The office code will not neces-
sarily contain three digits.

The arrangements will not be quite the same in
both directions on the transatlantic circuits.
Mainly because of differences in numbering and
switching philosophy, some aspects of dialing
from North America to Europe will vary from
dialing in the other direction. The major differ-
ence is the “gateway city” concept of the United
States and Canada. With this mode of operation,
calls to Europe from any point of origin in either
country will be routed through a gateway city—
New York and Montreal are typical—and dialed
from these points. This is a very manageable
concept because special equipment for overseas
dialing need be installed only in the gateway
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cities. Similarly, special operating requirements
are limited to staffs in these cities.

The European plan, on the other hand, prefers
two types of operation called “terminal” and
“transit,” depending on whether the call is routed
directly to the terminating country or switched
through another country. If the call is terminal,
the complete national number is sent ahead. If
the call is transit, only the country code is sent
to the transit points. The terminal country, when
it is reached, requests the language digit and na-
tional number. Although this type of operation
has the gateway-city advantages of limiting the
requisite special equipment and operating pro-
cedures, it has the present disadvantage that all
calls using the same country code must be routed
via a single city. Thus, even though a short, di-
rect route may exist between two cities, a call
between them may have to be directed over a
longer route through that single city. The alter-
native to this plan is the use of extra codes or
more complicated translation.

Ultimately, transit operation may be needed
for international alternate routing. In prepara-
tion for this, the North American gateway city
equipment will be designed to send both terminal
and transit signals. On calls from Europe to
North America, no distinction need be made, be-
cause on this continent the same mode of operation
serves all calls. In every case the complete address
information is sent and received and the same
group of registers is used for “via’” and “termi-
nal” traffic. The ccITT recommends two kinds of
registers at each switch point, a two-digit regis-
ter for transit calls and (usually) a ten-digit
register for terminal calls. The language digit
is stored in the trunk circuit, not in the register.

The language digit represents a small problem,
though a practical rather than a technical one.
On calls from North America to Europe the lan-
guage digit must be sent and it will be inserted
by switching equipment. On calls in the other di-
rection, however, it is not practical to have assist-
ance operators in the United States who speak
the languages of Europe. Therefore, by agree-
ment, all calls to the United States will be handled
by European operators who speak English.

There are other numbering problems besides
those discussed. One becomes immediately appar-
ent with a glance at the dials used around the
world (see photograph on page 243). On the
Swedish dial, for example, the numeral “0” is in
the position of the numeral “1” on the other dials.
Mechanical translation may be necessary to recon-
cile this dial with others. The differences between

Bell Laboratories Record



HOLLAND, GERMANY

AND ITALY

ENGLAND

UNITED STATES

Telephone dials from several countries showing sonme of the variations in lettering and numbering.

the English dial and the American dial are slight
and operators could be trained to make the nec-
essary translations between England and North
America. But for customer dialing. the problem
may be somewhat greater. When customer dial-
ing is eventually introduced, all-number calling
will probably be adopted.

Difference In Numbering Plans

Another problem arising from the difference in
numbering plans has the same general outline—
a minor difticulty if operators dial, but more seri-
ous if customers dial. This problem stems from
the idea of a ‘“closed” or an ‘“‘open” numbering
plan and the methods of determining that full
address information has been received.

In the North American (closed) numbering
plan, senders and registers “count” the digits that
are dialed and “know” when the last one has been
received. This arrangement can be made because
there are a fixed number of digits for each tele-
phone number. In some European (open) plans
the number of digits varies. Eight to ten digits not
including the prefix “0” are used in England, for
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example. Timing or special translation is used to
indicate that the last digit has been received. In
London, the area code, “1,” indicates that nine
digits (prefix “0” followed by eight digits) will
be dialed. In other areas the number is consider-
ed complete if, after a fixed time. no further digit
is received. When operators dial, an end-of-key-
ing signal will be transmitted to indicate that the
number is complete.

Another problem is that differences must be
reconciled in modes of assistance operator and
address signaling. The CCITT proposes either an
aryvthmic or a binary code. Each code has 16 pos-
sible signal combinations; ten represent decimal
digits, the eleventh and twelfth signal “Code 117
and “Code 12” operators for assistance. These last
combinations correspond, respectively, to the
North American 3-digit inward operator code
“121” and the 4-digit delayed call operator code
“115X.” Three of the remaining four combina-
tions in the CCITT code are spares, the other in-
dicates end of pulsing.

For supervisory signaling the problem is a bit
more complex. The CCITT recommends “spurt-type”
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signaling in which there are tones on the line only
when trunk control, status, or address informa-
tion is transmitted. When the line is idle or dur-
ing conversation no tones are present. The North
American network, on the other hand, uses con-
tinuous supervisory signaling in which there is a
low-leve] tone alwayvs present on the line when it
is idle. Interruptions of this tone transmit the
signaling sequences. When signuling is completed
and conversation has started, the tone is removed.

Another point of comparison is that the vari-

ous line sequences—connect. disconnect, on-hook,
off-hook—are represented in the CCITT plan by
spurt signals of fixed duration and a specified con-
bination of frequencies. To assure a high degree
of accuracy, acknowledgment signals are needed.
They are not needed with continuous signaling.

The supervision problem is further complicated
by TASL Continuous tone cannot be used on this
system because its central idea is that the absence
of any tones or speech energy on a channel indi-
cates that it can be switched instantly to another

COMPARISON OF TRUNK CONTROL AND STATUS SIGNALS

Standard Bell System
SF Signaling for Intertoll Trunks
(2-way Operation)
Frequency =2600 CPS ==

§iﬁgnols

Orig-Term

Direction of Transmission

Term-Orig

Signaling for Transoceanic TASI
Derived Trunks (2-way Operation)

2600 CPS

F ¥
requencies 2400 CPS
Direction of Transmission

Orig-Term Term-Orig

—

ED Continuous Tone
Duration of Pulses Indicated in Milliseconds

*For Calls to United Kingdom &

Europe, a Busy Flash Signal ]

or an Audible Tone 850

Trunk control and status signals as they are used on present Bell System and on transoceanic trunks.
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Over-all view of the Longy
Lines overseas switch-
board room at the A.T.&T.
Co. in New York City,
one of the gateway cities.

talker. The signaling plan proposed for the trans-
atlantic facilities is, therefore, a compromise be-
tween spurt and continuous signaling; each type
is used where it is most advantageous. The chart
on the opposite page compares the types of sig-
nals used for TASI derived trunks with thoese of
standard North American plan.

It is important to remember that the trans-
atlantic network will be compatible with bath the
European and the North American network, and
that all countries will retain their internal fea-
tures. Thus, in the matter of signaling, a converter
will be used at each terminal to accept the type
of signaling used on TasI and convert it to the
type of signaling used either in North America
or Europe. (See diagram on page 241.)

On the matter of trunks, cCITT operation in
Europe is generally limited to one-way trunks. On
the transatlantic circuits, trunks will be des:gned
to handle calls originating at either end. The
economies of two-way trunking are important,
and for Europe, this type of operation will eventu-
ally become standard where it is economical.

Economy—at least in the narrow sense of the
word—Iis, of course, not the only object of the deci-
sion to use two-way trunks. Nor, indeed, is it the
aim of any other change or development deseribed
in this article. That aim is faster, more efficient
handling of international traffic. Paradoxically,
one result of improved methods of transmission is
that they usually perpetuate and even increuase an
aspect of the traffic problem that they were in-
tended to solve—its volume.

It is almost a truism that message circuits add-
ed to a crowded route will stimulate even greater
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volumes of tratfic than had existed previously.
Tratiic doubled in the year following the cut-over
of the first transatlantic cable to England. Con-
versation time per call also increased. An increase
in traffic has occurred with each new cable and it
can be predicted for planned cables. So the future
of telephony is one of continued growth; its form
is anybody’s guess.

There are clear indications, however, that
temper the guess with fact. It is quite likely that
in the future, satellites will be used for intercon-
tinental calls. Cables will, of course, be used for
diversity and for protection against interference.
In fact, some cable operating and signaling meth-
ods may be adapted to satellite operation. World-
wide calling with satellites will require a complete
reappraisal of existing numbering, trunking, sig-
naling, transmission and switching plans. Indeed,
so great is the promise of satellites that work has
already been started on worldwide numbering.
Transmission, signaling. and trunking will be
studied too. Intercontinental centers will probably
perform the functions on a worldwide basis that
regional centers now perform on a national basis.
The horizons of technology broaden with new pos-
sibilities, and the physical horizons seem to grow
closer as this technology brings nations to only
seconds apart.

We are often told that the only real barrier be-
tween nations is their inability to understand one
another. Understanding waits on a transfer of
intelligence one to the other and the basis of this
is a transfer of information. In a very real sense,
the ultimate refinement in communications is not
merely of the future, but will help to shape it.
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When moisture accumulates in wareguides
and antennas it may damage microware

signals. Therefore, Laboratories engineers
hare designed special apparatus to supply
dry air under pressure to those vulnerable

components of microwave systens.

J. M. Jackson

Air-Drying Apparatus

For Microwave Systems

Daily, over five million cubic feet of dry air are
supplied to the waveguides and antennas of the
Bell System microwave network. Delivered by de-
hydrators designed at Bell Laboratories, this vol-
ume of dry air is a continuous guard against the
accumulation of moisture within these critical
components of microwave systems.

Moisture in the antenna and waveguide net-
works of microwave systems is a serious deterrent
to good transmission characteristics. A layer of
condensed water within the waveguides or on re-
flective surfaces of certain types of antennas may
result in intolerable signal attenuation and some-
times may completely interrupt transmission. To
prevent or minimize the effects of moisture, the
waveguide networks are filled with dry air under
low pressure.

The story of improving design of air-drying
apparatus follows closely the story of new devel-
opments in microwave systems. In general, the
problems involved in the design of air-drying
apparatus were problems of volume and pressure.
The basic design principle adopted by the Labora-
tories for all dehydrators—from those used with
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early systems, which required a relatively small
volume of dry air, to those presently used, which
require a substantially greater volume—was dy-
namic adsorption. Simply, this means that ambi-
ent air is passed through a desiccant bed; the
desiccant adsorbs moisture and dried air is deliv-
ered to the system. When the desiccant bed in the
large apparatus nears saturation it is reactivated;
in the smaller apparatus it is replaced.

The first transcontinental TD-2 microwave
route, established in 1951, operated in the 3700-
to 4200-me common carrier frequency band. Ini-
tially, this system used the delay-lens antenna
(RECORD, February, 1952). In this system, only
the waveguides were pressurized. To prevent
dried air from entering the antenna, the wave-
guide run is equipped with two “windows”; one
placed near the repeater equipment, another near
the antenna. The windows are electrically trans-
parent, but act as gas dams to confine the dry air
to the section of the waveguide run between them.

With the volume to be maintained under dry-
air pressure thus limited to that of the waveguide
between the antenna and the repeater bay, only a
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few cubic feet of dry air are needed each day. For
these low flow rates very large air-drying appara-
tus would be impractical. Therefore, Laboratories
engineers designed small wall-mounted dehydra-
tors to furnish several weeks of drying service
with one desiccant bed. A visual indicator on
these units warns local maintenance personnel
when the relative humidity of the delivered air
exceeds a critical value. The desiccant bed is then
reactivated or replaced.

In recent years, the rapid growth in long-
distance telephone and television transmission
pointed up a need for a microwave system capable
of operating simultaneously in several common-
carrier frequency bands. To fill this need, the
Laboratories developed the horn-reflector antenna
and its associated circular waveguide (RECORD,
November, 1955).

Air Pressure Problems of Horn Reflector

The incorporation of the horn-reflector antenna
in both new and existing microwave routes, nec-
essarily posed new problems of air pressure main-
tenance. These problems can be presented more
clearly if we first consider the structure of the
horn-reflector antenna.

This antenna is approximately 22-feet long, 11-
feet wide and 10-feet deep; its internal volume is
slightly over 300 cubic feet. A thin plastic cover
—also called a “window”’—covers the face of the
antenna. This cover, which has an area of approx-
imately 70 square feet, protects the inside of the
antenna from adverse weather conditions.

The antenna is assembled from several sections
bolted together at flanged, gasketed joints. The
bolted construction and the temperature and
weather conditions to which the antenna is ex-
posed make it almost impossible to ensure a com-
pletely airtight assembly of the sections. This
leads, as we will shortly explain, to air-drving
problems of a somewhat different nature.

With this new antenna, Laboratories engineers
decided to pressurize the horn as well as its asso-
ciated circular waveguide to prevent moisture
condensation within the antenna. One important
factor in this decision was a problem arising
from the plastic window.

It is obvious that with the horns mounted on
towers rising to heights of 400 feet, the thin win-
dow would “flutter” during windy periods. This
action is detrimental to transmission. A low pres-
sure of dry air within the antenna offsets the
wind load, the window tends to “bow-out,” and
flutter is reduced.

In this connection, it is interesting to note that
should the window rupture in dry weather, serv-
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Antenna tower at Buckhorn Mountain, Colorado,
microwave relay station. The 50-foot tower stands
on a ground elevation of 8,306 feet. Mounted on it
are both delay-lens and horn-reflector antennas.

ice could continue with little iil effect. Actually,
a two-fold benefit is derived from the pressure of
dry air. Not only does it combat the entrance of
moisture into the antenna, but its action in keep-
ing the window bowed out assures a constant dis-
tance between tke window and the reflecting
surfaces of the antenna. This distance is critical
because the continual change which occurs if the
window is allowed to flutter can degrade trans-
mission quality.

With the horn antenna, dryv-air pressure must
be maintained at only a few tenths of a pound per
square inch. Greater pressure may rupture the
window, and the antenna and waveguide network
could then fill with rainwater and service would
be disrupted.

Another reason for pressurizing the horn is the
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