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Stripped of technical verbiage, the life
stream is a combination of radio science
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which we are concerned in revealing how
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BROADCAST

Across Wildcat Canyon, Berkeley, Calif.,
swings the cable (arrow) which carries
that Hollywood show to you in N. Y.

A portion of the lead sheath stripped
away on the transcontinental cable. Some
of the conductors are for radio use
only; others for telephone purposes.

mission is furnished to the broadcasting
companies by the “Long Lines Department”
of the American Telephone and Telegraph
Company.

The magnitude of this service becomes
apparent when it is revealed that the com-
pany’s investment in network service is
well over $20,000,000, and that nearly a
dozen basic networks regularly use 90,000
miles of wire, not including circuit mileage
held in reserve for protection.

The radio program, a concert for ex-
ample, is rehearsed and is finally ready for
broadcast. The music is picked up by
microphones in a New York City studio,
converted to electrical impulses of audio
(sound) frequency and is carried on wires
to a nearby room. As
it passes through certain
equipment there, the
broadcasting company’s =
engineer adjusts these B
electrical impulses to a
certain degree of loud-
ness [This adjustment
is in terms of power or
DB. Ed.] before they
enter the telephone ca-
ble. At that point be-
gins the telephone com-

Clark River, Mont.,
section of the Minne-
apolis - Seattle link of

Long Lines Department.

by ALFRED W. DAVIS

A coast-to-coast radio program is |
not all wireless. 90,000 miles of
telephone wire are sometimes in-
volved in bringing it to you.

pany’s responsibility for “express service.”

Under the streets of New York the elec-
trical impulses pass through the telephone
cable downtown to the Long Distance
Building at 32 Sixth Avenue. Here the
General Control Office serves all the major
networks. It receives complete daily pro-
gram schedules from the broadcasting com-
panies and relays them to a dozen telephone
company control offices located through-
out the nation.

When the concert has passed through
this control room its journey has only be-
gun. It goes simultaneously to broadcast-
ing stations in New England, Canada, the
West, and South, travelling along the wire
pipe lines at a speed of 186,000 miles per
second.

The electrical currents bearing sound
waves have considerably more speed than
strength. They become weaker the farther
they go. At the same time the waves
often become distorted due to a variety of
intricate causes. When weakness and dis-
tortion happens to music, the notes coming
from our loudspeaker give an effect of
fuszziness, hollowness of tone, and other
displeasing variations from the original
presentation.

Consequently, at intervals of about fifty
miles along the long distance cable routes,
the program passes through telephone com-
pany offices which are equipped to amplify
the weak electrical currents and send them
along, invigorated and restored to exactly
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the strength and form they had when they
left the studio.

At several points throughout the coun-
try there are control offices where equip-
ment is installed to enable programs to be
redistributed in various geographical direc-
tions over separate routes to still other
radio stations.

In recent years it has become an increas-
ing practice on the part of broadcasters
toward supplying certain sections of the
country with selected types of programs,
largely those of commercial sponsorship.
There is also a growing trend toward pick-
ing up programs from studios at widely
scattered points by other studios. All this
complexity of the time element and geo-
graphical separation of stations involves
swift reversals of the networks, as to the
flow of the sound waves, and number of
tie-ups on the one hand, and on the other
the quick shifting of group stations from
one network (or section of network) to
another at frequent intervals.

At Cleveland it may well happen that
our particular program may be turned off
on circuits serving six Midwest stations,
because of local commercial broadcast com-
mitments for the first half hour of the
concert, but it may be turned on over these
circuits for the last half hour as a sus-
taining program. In the case of a South-
west group the exact opposite may be the
case, and they will put the first half hour
of the concert on the air, and broadcast
other programs during the last half hour
period. The desires of both groups were
of course known in advance, but the neces-
sary switches and circuit arrangements
must be made with split-second accuracy
at the scheduled time.

Meanwhile technical men at Cleveland
and other telephone offices concerned are
on the alert for any possible impairment in
service. They check by listening in over

earphones, and are ready to switch to alter-

nate routes always held available for any
and all emergencies.

Most of the routes east of the Missis-
sippi are carried in cables which afford
security against weather and other hazards,
thereby meeting 2 most important require-
ment in network service.

A long distance telephone cable inci-
dentally is about the thickness of a wrist.
Within its lead sheath are several hundred
individual wires, each wrapped in wax pa-
per to insulate it from the others. For
radio program transmission purposes, since
1926, all such cables have been constructed
to include several pairs of wires twice the
size of those provided normally for tele-
phone service. About 60,000 miles of such
radio program wired-cable today serve the
broadcasting companies. In addition there
are many thousands of miles available for
service when provided with amplifiers and
other equipment.

In the vicinity of Omaha the program
leaves the cables and proceeds over aerial
wires supported by poles and cross arms.
Ahead lay wide prairies, deserts, broad

Rear view of panels in General Control
Office in New York. At left is the inter-
connection frame; right, a speaker unit.

(Above) General Control
Office in New York City.
Yiew shows only the broad-
cast network equipment.

(Left) Control switchboard
with monitoring operator.
Morse instrument gives or-
ders, while ear phones|e+h'|m
hear program transmitted.

rivers, and high mountain ranges. Geog-
raphy presents another problem to be
solved by men, mechanisms, and money, be-
fore wire communication can be achieved.

Four different long distance telephone
routes cross that part of the continent lying
between the Mississippi Valley and the
West Coast. The Northern Transcontinen-
tal Line, through Minneapolis, Fargo, Bill-
ings, and Spokane parallels the Canadian
Border. The Central Route runs via
Omaha, Denver, and Salt Lake City, to
San Francisco. Near the Mexican Border,
the Southern Route passes through Dallas,
El Paso, Tucson, and Yuma on its way to
Los Angeles. A few hundreds of miles
north of it is a fourth path to Los Angeles
through Oklahoma City, Amarillo, Albu-
querque, and Whitewater, California.

All these routes carry broadcasting pro-
grams, as well as telephone conversations,
and all are interconnected by North and
South lines, making in combination a com-
plicated pattern.

After a journey of more than 3,000 miles
the concert reaches a California broadcast-
ing station exactly as it left Radio City,
N. Y. At the same time the West Coast
station sends it out into the ether, it is
also being broadcast by scores of other sta-
tions in the nation. Simultaneously, too,




The program order for one day sent to all
telephone company offices from New
York. It carries all network information for
all services and is sent by teletype.

other programs on other networks are be-
ing delivered to more broadcasting stations
without any appreciable loss in fidelity and
tone.

To operate the circuits required for radio
program transmission demands the special-
ized knowledge of hundreds of telephone
employees. ' It requires that this manpower
be stragetically located on a nation-wide
front. Finally is demanded—both in spirit
and in fact—the finest cooperation and co-
ordination between all these individuals.

Today, in our so-called mechanized age,
it is oiten difficult for us to visualize the
human equation. For our present purpose
perhaps an outline in tabloid of a typical
network day will serve to reveal the hu-
man side involved in this piping.

Under normal operation the various net-

The Danville, lllinois, repeater station.
At regular intervals along the telephone
wires, these stations restore the audio
signal to its original studio strength.

works are in service sixteen hours daily,
from 8:00 a.m. to 12 midnight, with over-
time for early morning programs, or after
midnight dance music. However, the net-
work day of the personnel is 24 hours in
length, starting at 1:30 a.m. Preparation
for the start of service for another day
must be completed prior to 7:00 a.m., at
which time, let us say, a program must be
transmitted over network B to 9 stations
located in New England, New York, Ohio,
Pennsylvania, Ontario and the District of
Columbia. Before the circuit line-up and
routine testing can start, certain general
maintenance work must be done. For ex-
ample amplifier tube tests are to be made at
all offices between New York and Chicago
from 1:30 a.m. to 2:30 a.m., and the vari-
ous networks have been released for that
period.

When all such necessary preventive main-
tenance has been completed, each control
office measures its section to be sure that
the volume and fidelity of transmission is
satisfactory.  Similarly all the reserve
transmission circuits in each section are
tested by each control office.

This completed, New York transmits
testing power at various tones or frequen-
cies over the entire network. The termin-
als and specified intermediate offices meas-
ure the amount of received power. Adjust-
ments may be needed.

During this midnight-to-morning period,
each control office uses a teletypewriter cir-
cuit to report the service furnished, trou-
bles experienced, and station comments for
the preceeding day.

At 6:45 a.m. the New York studios are
transmitting a test program for B net-
work. During the next fifteen minutes, by
means of a control telegraph wire, New
York determines from each office feeding
a radio station that satisfactory volume and
quality is being received. At 7:00 a.m.
the program begins all o.k. to each of the
nine scheduled stations. Final arrange-
ments are next made for the start of the
day's service at 8:00 a.m. on the remainder

_of “B” network and the “A’ network.

Every day the broadcasting companies’
schedules of operations showing switching
cues, and program priority, for the follow-
ing day are sent to each switching office.
From this, each office prepares its switch-
ing schedule. Further to insure no slip-up
i program switches, or opriority place-
ments, and to provide information on any
change that may be suddenly made in the
day’s program, one broadcasting company
furnishes a schedule covering the next
three hours of program over the teletype-
writer circuit at the beginning of each suc-
cessive three hour period. With both me-
diums of information secured in advance
the telephone company is fortified to meet
almost any situation that may arise.

Now let us follow through on some of
the day’s operations. At 8:00 a.m. Morn-
ing Meditations on network “A” starts the
day, while during the same period, Morn-
ing Melodies is scheduled for the “B” net-
work. Both programs, running for 30 min-
utes, and originating in New York. Since
all the switching offices involved in han-
dling both programs have had several hours
to set-up the hookups to the individual sta-
tions broadcasting these programs, they re-
ceive no special attention.

But what happens at 8:30 am.? Inter-
national News is scheduled for the entire
“B” network over a nation-wide hook-up,
coming from New York, while the “A” net-
work with an equally wide distribution is
carrying an Organ Recital program origi-
nating in Chicago.

At the close of the 8:00 a.m. programs,
pre-advised word cues are transmitted over
both networks, by two broadcast announc-
ers from the New York studios. Switch-
men at four telephone company offices—
Cleveland, Washington, Cincinnati and
Kansas City—are listening on each network
for these cues. In this case the cues come
simultaneously. The coordination of the
two programs by the broadcaster is per-
fect.

As each switchman hears the cues, he
notes the time to the second. They listen
to the theme music following the closing
announcement. It gradually fades. Twenty
seconds after the cue they perform a switch-
ing operation which discontinues the former
one-way, East-West routing of the pro-
grams on both net works. Next a second
switching operation is performed by which
the proper circuit connections are made to
route both new programs, on one network
flowing East-West, on the other West-East,
direct to each station carrying these pro-
grams all over the country. All is ready
for the programs to start. Now the switch-
men stand-by for the opening announce-
ments, for it still remains their duty to
double-check that the switch has been prop-
erly executed.

And so it goes for each following fif-
teen minutes or half-hour-switching from
one network to the other, realigning hook-
ups, and coordinating all the wire facilities
to the needs of the nation’s broadcasting

stations, So far the morning has been un-
eventful. But at 10:13 a.m., Cleveland
flashes New York, “Network ‘A’ just

failed.” One man at New York aided by
a telegraph wire, starts to locate the trou-
ble, while another quickly substitutes a
spare program circuit. Service is restored
to all points west of Cleveland at 10:15:29
a.m.

Chicago at 11:15 a.m. is advised by Den-
ver that ‘freezing weather prevails on the
Central Transcontinental Route around
Truckee Pass, Nevada. Rain is turning to
sleet, ice is forming on the wires. and the
wind velocity is increasing. This word is
passed on to New York. There may be
trouble ahead, so notices are sent to offices
along northern and southern transcontinen-
tal routes (routes which will not be affected
by the severe weather) to be ready to line
up program circuits at short notice.

At 11:18 a.m. from a broadcaster’s con-
trol room comes an emergency message
stating that a flash political news story has
just broken of great national importance,
and service is desired to put it on the air
from the Washington studio at 11:30 a.m.
Every switching point involved is tele-
graphed this information and instructions
at once. Promptly at 11:30 all the sta-
tions of the country on this chain receive
this program satisfactorly, but by a slim
margin, and at least ten telephone men in
seven widely separated cities have worked
with speed and perfect coordination to set
up the required circuits.

(Continued on page 75)
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Border Patrol

(Continued from page 15)

condition could bhe concealed by skilliul
dressing and the fish foisted upon unsus-
pecting New York housewives for con-
sumption,

3ick and Dubrofsky were found to be en-
tering the United States illegally and were
subsequently prosecuted.

The relaying of information received at
headquarters to the mobile units which
could not otherwise have been contacted
made possible apprehension of the contra-
band fish. Without the radio the patrolmen
would not have known of the movements of
the truck, crossing as it did, at an isolated
point on the border.

Some of the most spectacular apprehen-
stons directed by radio have been made by
the Customs Service in cases of opium and
jewel smuggling. The famous Chin Pak-
Chin Wah case in which a large shipment
of opium was discovered by an agent posing
as a crooked officer was directed by radio
in the final maneuvers.

When the steamer docked, agents con-
cealed in boats under the dock on either side
opened communication with agents sta-
tioned on the docks and on the boat, ad-
vising them as to what was happening at
the port holes below the dock level. Two
minutes after the opium was unloaded the
smugglers and 200 tins of opium were
seized. The opium, at that time, was worth
approximately $15,000.

The smuggling of watch movements is
one of the most profitable “big time”
rackets due to the extremely high duty im-
posed. In a recent case in which a man in
New York was believed to be engaged in
the business of smuggling watch move-
ments, Customs agents were able to keep
informed of his activities from the time he
left New York until he returned.

He was known to be sailing for Europe
and a radio message was sent to the agents
there to cover him. Every move he made
was watched and reported. Word came that
he was returning by way of Montreal. Act-
ing on the information received in the
course of his trip, the Montreal agents ra-
dioed that the man in question had arrived
and that he had - immediately telephoned
New York. At the Grand Central Station
he was met by other Customs agents and
his traveling case searched. In the false
bottom they found 1,998 Swiss watch move-
ments with a domestic value of $11,762.04.

Whether the contraband is diamonds or
onions, the same methods of apprehension
by radic communication are used. While
Perl Weinberg was being seized for con-
cealing eighteen packages of diamonds,
valued at $286,346, in the false bottom of
a fitted hag, Customs agents at another port
were engaged in hauling in a fleet of small
rowboats carrying 20,000 pounds of onions
on which there is a duty of 2Vc per pound.

The lives of a great many government
agents operating along the Mexican border
have been saved through the use of the
most simple radio equipment. Frequently
the men are outnumbered, or gun play is
anticipated when they are too far from the
patrol car to communicate with the head-
quarters station or other cars in the vicin-

RADIO NEWS

itv.  When such an emergency occurs a
small radio hand set, with fish pole antenna,
often saves many lives.

In addition to the cooperation now exist-
ing between law enforcement units oi the
federal government through the close work-
g contact by radio communication, plans
are also underway to tie the service in with
the Inter-city Police Radio Telegraph Sys-
tem, a police service being extended over
the United States for the expeditious broad-
casting of police information. This cooper-
ation with the police organizations will
serve to tighten the loopholes that remain
in the sweeping radio dragnet of law en-
forcement. It will he another step toward
making radio the outstanding law enforce-
ment service of the United States.
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The Life Stream
of Broadcast Networks
(Continued from page 8)

And so it goes on through the day and
night, a continuous operation of distribut-
ing communications which eventually find
their way to the ears of the nation’s radio
listeners via the air waves. After mid-
night the day's work ends and work starts
immediately in preparation for the next day.

Because of the exacting requirements in-
herent in the radio program service much
new equipment has been designed and espe-
cially constructed, or existing telephone
facilities suitably modified, exclusively for
service to broadcasting companies.

For instance, on our first journey we
noted the amplification of a weakend cur-
rent every fifty miles. This is made pos-
sible, in a very large part, by mechanisms
known as repeaters. They are costly and
differ from repeaters used in ordinary long
distance telephony in several important re-
spects.  For example they will transmit a
wider range of tone, and they introduce less
distortion through the use of special trans-
formers.

Other special apparatus neceded in fur-
nishing this service includes equipment to
interconnect sections of the network. The
switching operations we looked over in our
journey at Cleveland were a case in point,

More than 60 other telephone offices
throughout the country are similarly
equipped. Some 260 more telephone offices

contain special equipment for testing, ad-
justing, checking up, and rearranging the
broadcasting networks to insure utmost
efficiency.

As early as 1915, Bell System engineers
achieved radio telephone transmission from
the United States to Paris and Honolulu.
In these experiments, and in the subs t
expansion of radio telephony, whi
encompasses virtually all ti
technicians applied much
learned during more tl
the development of nati
service by wire.

The storehouse of
intensive study
speech S 15-
forming al im-
pulses, them clearly over
ever greater s ; development of ap-
paratus for amplifying telephone currents
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which had lost strength over these long
stretches of wire.

In commenting on the tomorrow of
radio the Bell System in one of its public
statements points out, “Our ultimate goal,
of course is the reproduction of music and
speech in the listener’s home, wherever lo-
cated, so nearly equivalent to the actual
program that there will be no audible dif-
ference. While keeping this objective in
view the Bell System will endeavor to an-
ticipate other requirements of radio broad-
casting in the future.”
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