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The rapid development of large telephone networks giving a high grade
of service between large numbers of telephones in continental areas has laid
the foundation for the development of world-wide telephone service.
Beginning in 1927 with the establishment of the first commercial telephone
circuit between Europe and North America, intercontinental telephone
service has, during the past five years, extended rapidly, and with further
extensions already definitely planned, will embrace all of the continents
and make possible the connection together of practically any two telephones
in the world.

Up to the present time radio has been used to overcome the peculiar
technical obstacles in the provision of intercontinental circuits. Two
portions of the radio spectrum are suitable for this purpose, the long wave
providing only a few circuits and the short wave providing for possibly
several hundred circuits in the world as a whole. Plans have already
been made for the important route between Europe and North America to
supplement these with a telephone cable and the use of wire lines for
intercontinental routes may become more important in the future.

The full development of intercontinental telephony is affected by a
number of general difficulties. Of these the differences in time betweerr
different parts of the earth’s surface are inherent. Differences in language
both affect the ease with which customers can converse over the telephone,
and complicate the operating problem. Furthermore, some of the differ-
ences in operating and commercial practices in the telephone networks of
different continents which have in the past developed largely independently
of each other, require consideration in the building up of intercontinental
services.

The full development of intercontinental telephony is dependent upon
the continued progress in working out these problems and in an extension
of the brilliant scientific and engineering achievements which have made
possible the present services. It is to be expected that with the further
growth of intercontinental service it will be found desirable in the future
to adopt a general world-wide plan for the routing of intercontinental
messages somewhat comparable to the plans for continental telephone
service already under consideration or in use. While political considerations
may temporarily affect the form of the world-wide network, ultimately the
requirements of economy and good service will no doubt be determining
factors in such a plan.

It is to be hoped that the continued closer knitting together of the
nations and races of the world by intercontinental telephone circuits will
be a great contribution to international friendship and good will.

The authors wish to acknowledge their indebtedness to a number of
telephone administrations who have provided them with information
regarding present and proposed intercontinental services, supplementing the
data previously published. They have also drawn freely on the material
presented in the bibliography of Appendix 2, and this material has been
of assistance. The authors also express appreciation of the assistance
given them by a number of their associates in the American Telephone and
Telegraph Company, particularly Messrs. O. B. Blackwell, A. B. Clark,
L. Espenschied, O. T. Laube, H. S. Osborne and H. E. Shreeve.

* Presented at The International Electrical Congress, Paris, France, July 5-12,
1932,
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INTRODUCTION

HE rapidity with which telephone service has been extended to
world-wide proportions during the past few years is perhaps one
of the most remarkable of man's conquests over time and distance.
Already it is a commonplace to hear the human voice from thousands
of miles away, over land and sea. Distance and the great natural
barriers of the world no longer prevent us from talking with each other.
Across oceans and over high sierras the voice now carries its full
message. Furthermore, these results have been accomplished within
a few years. Telephony has demonstrated its international and
intercontinental services. The development and extension of those
services lies before us. It seems an appropriate time, therefore, to
review some of the problems and possibilities in this extension of the
application of the electrical arts to the service of mankind.

World-wide telephony has as its foundation the wire line networks
on the various continents with their millions of users. The first step
was taken toward overcoming the great barrier presented by the
oceans in 1891 when the first submarine telephone cable was laid
between Dover and Calais. Further submarine cable developments
followed including the laying of a continuously loaded cable between
Denmark and Sweden in 1902.

In the meantime the problems of spanning great distances over
land were being rapidly solved, both in North America and in Europe,
through the application of the loading coil and other transmission
improvements. In 1911 service was opened between New York and
Denver, a distance of 2000 miles (3300 kilometers). By 1913 the de-
velopment of underground cable had progressed so that a cable was
placed in service between Boston, New Yorkand Washington, a distance
of over 420 miles (700 kilometers).

But it required still further improvements in the whole art of long
distance telephone transmission, including amplifiers and their appli-
cation to wire lines before long distance telephony could develop
beyond the semi-continental stage to truly transcontinental and
transoceanic distances. With improved amplifier elements and the
perfection of means for applying repeaters came the opening of trans-
continental service in America in 1915 initially between New York and
San Francisco, 3200 miles (5300 kilometers). This was followed after
the close of the war by the rapid development of telephony of conti-
nental scope throughout Europe, stimulated by the close cooperation
of the European Administrations through the International Advisory
Committee on Long Distance Telephony. In South America the
trans-Andean telephone line between Buenos Aires and Santiago was
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opened in 1928. Two years later came the transcontinental telephone
line in Australia.

Overseas radio telephone experiments, in 1915, successfully trans-
mitted the human voice from Washington to Paris and from Washing-
ton to the Hawaiian Islands. Commercial development of inter-
continental telephony, however, followed somewhat slowly both
because of the war and because of the tremendous inherent technical
difficulties. However, as an interesting fore-runner of what would
come later, a public service radiotelephone system was opened in
1920 linking Catalina Island, off the coast of California, with the wire
telephone network of North America. In 1927, after a period of
intensive experimentation and development work, commercial service
between Europe and North America was opened to the public. This
was the first step in the expansion of telephone service from a conti-
nental scope to a world-wide scope.

PRESENT SITUATION AND PLANS FOR FUTURE DEVELOPMENT

Intercontinental telephony has naturally been dependent upon and
been preceded by the development of large networks of telephones to
which the intercontinental circuits could be connected. The most
highly industrialized parts of the earth's surface today are provided
with extensive networks of telephone lines covering great areas and
interconnecting large numbers of telephones. This is indicated in
Fig. 1 which shows the principal national and continental wire tele-
phone networks, and all individual cities not connected to an extensive
interurban network which according to latest reports have more than
10,000 telephones. As a result of the improvements which have
been made in these wire networks in the last 15 years, both as to
transmission and speed of service, they are today generally available
and satisfactory for use in connection with intercontinental service.

FFor the purpose of this paper circuits of less than 600 miles (1000 kilo-
meters) even if they cross continental boundaries will not be considered
intercontinental circuits. In the consideration of world-wide tele-
phony we are interested in the long circuits between distant parts of
different continents or between continental areas and distant islands,
for which the technique developed for long continental telephone lines
is not directly applicable.

The extent to which the continents of the world are already inter-
connected by telephone circuits and the additional connections
contemplated by plans now under way are indicated in Fig. 2. These
are such as to make possible conversations between any two continents
of the earth either by direct circuit or by switching in Europe or in
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North America. The existing intercontinental telephone circuits of
the world are indicated in Fig. 3. In this figure distinctions are made
between full time circuits and part time circuits, that is, those on which
terminal apparatus is shared by different points. A distinction is also
made between circuits which interconnect wire networks connecting
with 20,000 telephones or more, and those terminating in single
telephones or networks of less than 20,000 telephones.

NORTH
AMERICA

K

OCEANIA EASTERN

ASIA

SOUTH SOUTHERN
AMERICA AFRICA

*1HE EXISTING DIRECT CONNECTIONS ARE AS FOLLOWS! EXISTING DIRECT CONNECTIONS

EUROPE TO AUSTRALIA AND JAVA  _____ PROPOSED DIRECT CONNECTIONS
NORTH AMERICA TO HAWAII
EASTERN ASIA TO JAVA

AT PRESENT CONNECTIONS BETWEEN THE AMERICAS AND
AUSTRALIA AND JAVA ARE ESTABLISHED BY WAY OF EUROPE

Fig. 2—International telephone relations as of January 1, 1932,

There are at present 37 of these intercontinental circuits totalling
about 168,000 miles (280,000 kilometers) in length. All are radio cir-
cuits. One, in the New York-London group, is a long-wave circuit
operating at approximately 60 kilocycles; the others are short-wave cir-
cuits in the range between 6000 and 23,000 kilocycles.

Europe and North America, which are the two largest highly
industrialized areas of the world, contain about 90 per cent. of the
world’s telephones. It is natural that intercontinental telephone
business in volume should first develop between those two areas
Here service is maintained on a 24-hour basis and a group of four
circuits is in use. Elsewhere, however, intercontinental connections
consist at the present time of a single circuit, or more frequently,
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the part time use of a circuit, the apparatus being arranged to share
its time between two or more distant terminals.

One cannot help being impressed by the developments represented
by Fig. 3, which have taken place in the short space of five years.
We are, nevertheless, in an early stage of development and present
service suffers from the limitations of pioneer conditions. Dependence
in so many cases upon a single intercontinental circuit which often is
shared on a “party line’’ basis between two or more terminal points,
is one .of these limitations. Another is the variation in transmission
characteristics and the susceptibility to interruptions which in the
present stage of development of radio are characteristic especially of
short-wave circuits on some of the more important routes. The
rapidity with which the first steps have been taken is perhaps the
best assurance that advance will continue to be rapid as the commercial
demand for increasing amounts of service develops. This is illustrated
by Figs. 4 and 5 which show the intercontinental circuits of the
world which will exist when the present plans for additional circuits
have been completed in so far as these plans are known to the authors.

Fig. 6 shows the extent to which the countries of the world will be
tied into one great telephone system when the plans outlined in
Figs. 4 and 5 are completed. Fig. 6 also shows the distribution of
world trade and population of various groups of countries which are
so interconnected. It will be noticed that the world-wide telephone
network will include countries having 99 per cent of all the telephones
of the world and having 92 per cent of the world’s foreign trade.
Details of all the present and proposed circuits which have come to the
knowledge of the authors are given in Appendix I.

Closely related to the establishment of intercontinental circuits is
the establishment of telephone service from European and North
American points to a number of passenger vessels normally operating
on the North Atlantic and other passenger routes. In addition,
work is advancing in the equipment of fishing fleets, tugs, etc., but
this service pertains more directly to the continental telephone service.

TrcunNicAL. PROBLEMS AND LIMITATIONS

The unusual technical difficulties of providing satisfactory inter-
continental telephone circuits come about not merely because of the
distances involved but because these distances include long stretches
of sea or undeveloped land. For years prior to the establishment of
the first intercontinental circuit, commercial service was given on
continental telephone networks over comparable distances, for ex-
ample, in North America up to about 6000 miles {10,000 kilometers).



494 BELL SYSTEM TECHNICAL JOURNAL

WOoRLD DISTRIBUTION
PoruLaTiON, TELEPHONES, FOREIGN TRADE

For Countries Having Existing or Proposed International Telephone Connections as of
January 1, 1932

Total Foreign Total

Trade Telephones Tatal
Country 1930 as of Jan. 1, Population
(Millions of 1931 (Thousands)
Dollars) (Thousands)
EUROPE .
All Principal Countries. .............. 30,260 10,620 542,350

NORTH AMERICA
United States, Canada, Cuba, Mexico,
Bermuda............covvvineannn 9,500 21,768 153,780

SouTH AMERICA
Argentina, Brazil, Chile, Colombia,

Uruguay, Venezuela............... 2,590 595 71,090
OcEANIA
Hawaii, Australia, New Zealand, Java,
SUMALIA .« oo v v e e e er e 2,310 760 69,440
Asia :
Siam, Indo-China................... 300 12 31,740
AFRICA
Morocco, Canary Islands............. 120 14 5,850
Total in countries having existing con-
nections to international networks. . . 45,080 33,769 874,250
NORTH AMERICA
Central America and Bahamas........ 120 18 2,720
SOUTH AMERICA
Peru. ..o vvveii it e e 130 14 6,260
OCEANIA )
Philippines. . .....covviianriiinnnn. 260 26 12,700
Asia
Japan, Hong IKong, British India,
Malay States. .........coviinnnn. 3,810 1,028 410,320
AFRICA
Algeria, Belgian Congo, Egypt, Union
of So. Africa, Madagascar.......... 1,370 197 47,700
Total in countries having prospective
international connections........... 5,690 1,283 479,700
Total, present and prospective inter-
national network . ................. 50,770 35,052 1,353,950
AllOther. ... ... ... ... .. . .. 4,140 308 622,550
Total World . ..... ... ... ... ..... 54,910 35,360 1,976,500
Fig. 6.

The technique of transmission over long continental distances, how-
ever, includes as one fundamental element the use of intermediate
amplification at frequent intervals of from 45 to 240 miles (75 to 400
kilometers), depending upon the electrical characteristics of the circuit.
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Radio Links

All of the existing intercontinental circuits make use of radio for
the long transoceanic jumps, and it seems desirable first to consider
the technical problems of radio telephony.
LONG WAVES MEDIUM WAVES SHORT WAVES ULTRA SHORT WAVES

LONG MEDIUM DISTANCE LONG DISTANCE SHORT DISTANCE
DISTANCE INCLUDE BROADCASTING

15,000 FREQUENCY IN CYCLES PER SECOND
100,000 6,000,000 . 23,000,000
7 /
///,1 %
3000 50 13
20,000

WAVELENGTH IN METERS

Fig. 7—Radio frequency chart. The bands applicable to intercontinental service are
indicated by shaded areas.

Fig. 7 shows the radio spectrum with an indication of the uses made
of the various portions of the spectrum. Only the two shaded parts
of this spectrum appear to be applicable to intercontinental telephony.
One, in the long wave range, extends from about 15 kilocycles to per-
haps 100 kilocycles. The second includes the short-wave range from
-about 6000 to 23,000 kilocycles.

The transmission of these two wave ranges exhibit interesting
differences in characteristics. For the short wave-lengths the trans-
mission is frequently referred to as being in the form of ‘‘sky waves.”
This is for the reason that at intermediate distances the waves may
practically disappear near the surface of the ground but reappear at
greater distances. They appear to have been carried around the
curvature of the earth’s surface by refraction or reflection from ionized
atmospheric layers. While the action in the long-wave range at
great distances appears to be also conditioned partly by the ionized
layers, the field at the surface of the earth falls off continuously as the
distance from the transmitter is increased.

Interesting results are now being obtained in the use for communi-
cation purposes of very short radio waves having frequencies above
30,000 kilocycles. The work done to date indicates that these fre-
quencies are not sufficiently deflected from their paths by the at-
mosphere to follow the earth's curvature. This characteristic
appears to prevent the use of these very short radio waves for direct
transmission over long distances and limits direct transmission to
distances so short that the earth's curvature is not a large factor. For
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this reason the very high frequency range is not indicated in Fig. 7 as
suitable for intercontinental circuits. Where the route is over-land it
is possible that such rays may find practical use in forming links in
intercontinental circuits particularly where the topography of the
country affords advantageous elevated locations for intermediate re-
peater points. Too little is now known of these very short waves to
make their discussion other than speculative.

An important requirement for radio for overseas telephone circuits
is the avoidance of overhearing. A number of the overseas circuits
now in operation, including the transatlantic group, are equipped
with privacy arrangements which so modify the frequency disposition
of the voice waves as to prevent overhearing of the conversations by
other radio stations not equipped with similar arrangements. Experi-
ments have been made with more elaborate arrangements for obtaining
an even higher degree of privacy than that now provided.

Long Wave Circuits

Experience has shown that good results can be obtained in the
long-wave range on such circuits as those between North America and
Europe which are 3000 miles (5000 kilometers) long and have their trans-
mission paths at a high latitude. A fundamental limitation to the
extensive use of long waves, however, is that within the range of
suitable frequencies there are theoretically obtainable only about
twenty telephone channels between any two points. Actually how-
ever, there are not this many available because of the practical
limitations imposed by the necessity of sharing this range of frequencies
with other types of radio service. The relatively low attenuation of
these waves as they are transmitted over the earth’s surface makes it
appear impractical to use duplicate intercontinental circuits of the
same frequency at different points on the earth’s surface. The total
number of circuits of the long-wave type which can form a part of
the ultimate world-wide telephone network seems, therefore, to be
very small.

Other limitations in the use of long-wave circuits are that with the
amounts of power which it now seems practicable to use (a tube
capacity of about 300 kilowatts is used in the transmitter of the
present transatlantic long wave circuit) their successful application
does not exceed several thousand kilometers and is confined to routes
well outside of the equatorial regions. These limitations are necessary
to avoid excessive interference from atmospheric disturbances, both
because of the relatively large components of these disturbances having
frequencies in the range of wave-lengths used by these circuits, and
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also because of the difficulty of obtaining a high degree of directivity.
Advantage has been obtained in the transatlantic long-wave channel
by locating directive receiving antennas in the most northerly portions
of the United States and Great Britain.

Short-Wave Radio

The short-wave range, as indicated in Fig. 7, covers a very much
broader band of frequencies and offers hope for a much larger number
of circuits. Only a portion of the entire range can be used at any one
time for circuits between any two points because the distance at which
the refracted waves reach the earth's surface varies with the frequency.
It also varies with the time of day and the season of year, making it
necessary, in general, to have about three different wave-lengths
allocated for each circuit. In view of this limitation, it appears that
this range can provide theoretically perhaps 50 telephone circuits
between two given points. This theoretical possibility is reduced by
practical considerations and by the necessity of sharing the range with
other radio services.

Due, however, to the fact that short waves are more restricted
than long waves in distance and in the time of day for which they are
effective, it may be possible to use the same frequency for different
circuits in several parts of the world without interference. It seems
now that the development of the present art may make available
throughout the entire world short-wave intercontinental circuits
numbered in the hundreds but not in the thousands. This is not an
inexhaustible supply of channels for the world to share as is illustrated
by the very much larger number of telephone circuits already required
for long distance service in the great continental telephone networks.
In the United States alone there are about 6500 circuits in long dis-
tance service of which 620 are over 600 miles (1000 kilometers) in length.

The fact that by proper selection of frequency it is possible to
communicate over the longest distances, gives short waves a flexibility
which is unique. They give particularly good results in routes
crossing the equator, such as circuits between Europe or North
America and South America, for which routes long-wave transmission
would be impracticable because of heavy atmospheric disturbances.
On the other hand, short-wave transmission is subject to variations
and interruptions from fading, distortion, and effects connected with
terrestrial magnetic disturbances. These effects appear to be particu-
larly severe on circuits involving routes of transit near the polar
regions, such as the route between North America and Europe.
Some of these effects are illustrated in Iigs. 8 and 9 which give data
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taken on the United States-Europe route and which show, for com-
parison, the relatively stable conditions for the long-wave channel.
In many respects short-wave and long-wave radio channels admirably
supplement each other, being seldom interrupted at the same time.
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Fig. 8—Diurnal field strength characteristics of long and short-wave transmission
over the North Atlantic. Shows effect of sunrise and sunset on the long wave and
the necessity with short waves for using different wave-lengths at different times
of day.

Short-wave transmission is in an early stage of development and it
may be hoped that, with further experience, means will be found to
avoid or reduce at least some of the present major limitations.

Wire Circuils

The intercontinental routes offer great difficulties to the placing
of wire circuits, However, the limitations of radio, particularly on
the intercontinental routes between North America and Europe
interconnecting the two largest continental groups of telephones, have
naturally led to considerable engineering thought on the possibilities
of wire circuits. The most interesting development in this connection
is a submarine cable which can be used for long lengths without
intermediate repeaters.
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Long Submarine Cables Without Intermediate Repeaters

To design long submarine cables without repeaters requires providing
the mechanical characteristics necessary for deep sea cables and
meeting rather definite limits of overall attenuation. There is a limit
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Fig. 9—The upper curve indicates the short period stability of the long waves.
The lower curve indicates the rapid variations which are frequently experienced
with short-wave transmission.

to the power which can be imposed on the sending end of the cable
to avoid excessive voltage stress on the cable insulation. Even
though the cable be adequately shielded from extraneous noises,
there is a minimum amount of received power with which satisfactory
transmission can be obtained because of the thermal agitation in the
conductor itself. These two limits result in a maximum attenuation
of about 160 db for satisfactory operation over such a cable.

The actual design of intercontinental telephone cables has been
largely directed toward the North Atlantic route between the United
States and Europe, including a direct section from Newfoundland to
Ireland, a distance of about 2100 miles (3400 kilometers). By the
use of a new insulating material, paragutta, with dielectric losses about
one-thirtieth those of guttapercha, but with similar mechanical char-
acteristics, and by the use of perminvar, a new magnetic material for
loading the cable, it has been possible to design a cable for this section
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meeting both the mechanical and electrical requirements. With the
further development of intercontinental communications, it is proposed
to lay such a cable within a few years. With the materials now
available, such a cable will provide only one channel of communica-
tion, and two-way communication will be carried out by using it as a
one-way channel automatically switched in the direction of transmis-
sion by the voices of the users. Transatlantic cables providing several
telephone channels either by the use of separate conductors or by
carrier current methods are beyond the range of the present art.

The direct submarine cable while relatively expensive, is expected
to provide a high grade circuit having a stability and a freedom from
interruption greater than that provided by the present radio circuits.
Proper combination of three different types of circuit, long and short-
wave radio and cable, in one circuit group, however, should provide a
large measure of assurance of continuous high grade service not
dependent on the troubles which may affect any one type of circuit,
and at an average expense not greatly above that required for radio
circuits alone.

Other Wire Routes

The technical possibilities of wire circuits on intercontinental routes
are evidently greatly increased where means can be found to avoid
long lengths of submarine cables by the use of intermediate repeater
stations. On the direct route between Europe and America, nature
has not been kind enough to supply a series of islands at convenient
distances and reasonably low latitudes to serve as repeater points.
By going north, long lengths of submarine could be avoided. For
example, a route through Greenland, Iceland and the Faroe Islands
could be laid out with a maximum length of submarine cable of
300 miles (500 kilometers). The obvious difficulties of the route are
the great extents of inaccessible and sparsely settled country, and the
placing and maintenance of submarine cable under very difficult fog,
storm and ice conditions. In the early days of submarine telegraphy
such a northern route was seriously considered before the cable art had
reached the point of permitting direct cables, but it was never used.

An equally bold solution which has been proposed is to float the
desired repeater stations in the open sea. A good deal of ingenuity
has been exercised in considering the possibilities of both attended
and unattended floating repeater stations and of stations submerged
below the action of the waves. So far, however, it is by no means
clear that the mechanical difficulties and the problems of maintenance
can be dealt with satisfactorily.
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As time goes on land lines may become possible for many inter-
continental routes where now, because of lack of highways or railways
and the wild and unsettled nature of the country, they are out of the
question.

OPERATING AND COMMERCIAL PROBLEMS

In addition to the technical problems and limitations associated
with the development of a world-wide telephone service which are
outlined in the foregoing section, there are numerous operating and
commercial problems and still other difficulties of a general nature.

Differences in Time

Limitations of a fundamental character are imposed by the dif-
ferences in time on different parts of the earth’s surface. These
differences for a number of the principal metropolitan centers of the
world are indicated in Fig. 10. If the business day be assumed to be
8 hours long, it is evident that as a result of the differences in time
there is for each city one-third of the earth’s surface on which the
time is so different from that of the city in question that there is no
overlap of the business day. For western Europe this third of the
world is for the most part in the Pacific Ocean, so that, as will be
noted from Fig. 10, there are few important centers in the world in
which the time is more than 8 hours different from that of western
Europe. The western part of the United States, however, has time
differences of more than 8 hours with a large part of Europe, Asia
and Africa. During some portion of the waking day there is an
overlap of time between any two points on the earth.

Language

Another limitation, though of a less inherent nature, is the difference
in language between different nations. There is as yet no evidence
that the electrical requirements for satisfactory transmission of speech
are substantially different with different languages, but language
differences produce a problem in many intercontinental telephone
conversations as often one subscriber is using a language of which
he is not wholly master, and this may sometimes apply to both.
Under these conditions the transmission requirements of the circuit
for a given ease of carrying on conversations is unquestionably greater
than when the subscribers are conversing in their native tongue.
Hence, there is need in the ultimate development of intercontinental
telephone systems for a high standard of transmission.

Language differences also complicate the operating problem, as it is
important that the operators understand each other easily. This is
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accomplished to a large extent at the present time by providing
bi-lingual operators at the terminals of international circuits. Even
so0, on built-up connections with switches in several countries, operation
is cumbersome since the terminal operators may not be able to talk
to each other directly. This is one of the problems to which the
International Advisory Committee on Long Distance Telephony has
been giving attention. It is out of the question in a world-wide
telephone system to expect the operator handling the call to be able
in all cases to talk directly with the distant subscriber. However,
it seems, important from the standpoint of giving the highest grade
of service that ultimately she should be able in all cases to talk directly
and easily with the operator at the distant national terminal, no
matter where this may be.

Operating and Commercial Practices

The continental telephone networks have in the past developed to
a large extent independently of each other, and it is therefore natural
that there should now exist differences in operating and commercial
practices, some of which must be considered in giving intercontinental
service. In Europe and in the United States, to take, for example,
the two largest networks, the point of view in the development of the
telephone systems has been somewhat different. In Europe emphasis
has been laid on the continuous use of the long toll circuits, developing
for them as large a message capacity as possible, while in the United
States emphasis has been given to the rapid completion of all calls.
This difference in point of view naturally led to differences in practice.
For example, the classification of service based upon urgency and the
limitation in length of conversations generally in use in Europe are
not found in American practice. Also, an important factor in Ameri-
can practice for connections over long distances is the so-called person-
to-person service in which a specified person is called rather than a
specified telephone number, and the order is considered satisfied only
when the person called is brought to the telephone. This service
has not been generally used in European practice. These serve as
illustrations of the type of difference in practice which must be adjusted
between the administrations involved in establishing new inter-
continental services, and it is evident that as these services become
more used and more nearly universal, these adjustments will become
increasingly important.

A consideration which might be important in the development of
intercontinental services in some cases is a difference in standards of
transmission or of speed of completion of calls. In recent years
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there has been in all large telephone networks a trend towards higher
standards of service and this has been a favorable factor in making
possible the beginnings of an intercontinental service.

GENERAL DiscussioN AND CONCLUSIONS

The extension of overseas telephony during the past five years has
already linked together into one system all of the largest continental
telephone networks of the world and with the completion of further
extensions now under way, this world-wide system will include all but
two of the wire networks which give access to more than 20,000
telephones in all six continents of the earth. True, many of these
overseas connections are as yet but slender threads of conversation,
important perhaps not so much because of the communication which
they now handle but because they represent the first realization of
great possibilities in the achievement of a world-wide telephone system
closely linking together the continents of the earth. In the words of
Mr. Walter S. Gifford, President of the American Telephone and
Telegraph Company, in the Annual Report of that company for the
year 1926, the ultimate ideal of a world-wide system is that it shall
enable “anyone anywhere to pick up a telephone and talk to anyone
else anywhere else, clearly, quickly and at a reasonable cost.”

What are the obstacles to the realization of this ideal for world-wide
telephony? Intercontinental service is subject to extraordinary
technical and operating difficulties and as yet only the first steps in
overcoming these difficulties have been taken. The quality of service
at the present time both as regards transmission, continuity and speed
of service is not comparable with that given today on the large conti-
nental telephone networks, but is more comparable to the standards
of service on long continental connections in the early days of their
development 15 years ago. The costs of intercontinental service are
materially higher than the costs for the longest connections on conti-
nental networks even where distances are similar. These facts
indicate that to a large extent the future development of interconti-
nental telephony is dependent upon a continuance of those brilliant
advances in the communication art which have made our present
intercontinental circuits possible. Further technical developments
making it possible to improve the quality and reduce the cost of
intercontinental services will, as they become available, have a
tremendous effect.

The development of overseas services of large magnitude will
require a closer coordination between the telephone plants and
practices of the various continental wire networks than exists at the
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present time. The circuits which will form the connecting link
between the subscriber and the terminals of the overseas circuits
must have such transmission characteristics as to provide for satis-
factory operation of the complete connection, including the overseas
circuit and the continental extensions at both ends. In one respect
this will impose requirements more severe than necessary where
continental service alone is in question. We refer to the velocity of
transmission which determines the elapsed time between the speaking
of a word at one end of a circuit and its reception at the other end.
Losses of power and electrical distortions in circuits may, within
limits, be compensated for but time once lost in the propagation of
" the conversation over the circuit cannot be regained.

Equally important is the closer coordination of operating methods
and commercial practices in so far as they affect intercontinental
communications. It is natural that continental telephone networks
developing more or less independently should represent somewhat
different solutions of the operating and commercial problems involved
in giving telephone service. Intercontinental service brings new
problems and requires the development of new operating methods
and new commercial practices designed to simplify and expedite the
handling of these connections.

In the closer cooperation between telephone administrations and
the consideration of their joint problem which comes with the develop-
ment of intercontinental telephone service, it is increasingly important
that they have commonly accepted methods of measuring and of
expressing all of the quantities affecting the types and grade of service
tobegiven. The International Advisory Committee on Long Distance
Telephony (The C. C. I.) which has been active in facilitating the
cooperation of European administrations in the improvement of
international telephony in Europe, has included in its program the
development of internationally accepted terms and units which will
be of help to the nations of the world in their rendering of interconti-
nental service.

The commercial success of an intercontinental telephone service
depends upon the existence at its terminals of wire networks by
means of which large numbers of telephone subscribers can be given
connection to the intercontinental circuits. The ultimate development
of a really universal service depends, therefore, in ‘part on the creation
of large national or continental wire telephone networks in the areas
where these do not now exist. It is only in so far as this takes place
that it will become practical to realize world-wide telephony.

As world-wide telephony overcomes these obstacles and develops
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in magnitude and completeness, what form will the system take?
It is, of course, too early to give a categorical answer to this question,
but present development gives us some indications from which to
judge the future.

Considering first the field of use of the various types of circuit,
it seems that radio circuits will for a long time fill an important field
in the provision of intercontinental circuits. This is particularly true
of the short-wave systems which seem to be best adapted for pioneer
work such as is going on at the present time on light traffic routes.
Here their imperfect reliability is more than offset by their flexibility
and relative economy. Long-wave radio will, no doubt, continue to
be valuable for certain routes where the direction of transmission is
east and west and at a high latitude, but the limit, which is apparently
inherent, on the total number of circuits of this type that can be
used simultaneously in the world would seem to prevent them from
supplying any large part of the world's future needs for intercontinental
circuits. Radio telephony, both short-wave and long-wave, must
compete for wave-lengths with other forms of radio service. It is
evident from the important part that radio must continue to play in
world telephony that the increasing needs for wave-lengths for this
rapidly growing service will require special consideration in future
international radio conferences. Wire circuits which in the present
pioneer stage are just beginning to enter the scene, will undoubtedly
become more important for the principal circuit groups as interconti-
nental communication develops.

As the amount of intercontinental traffic builds up, and as the
technical form and best routing of the telephonic relations between
continents become established, it is to be expected that experience
will show the advisability of adopting a fundamental routing and
switching plan similar to those plans which have already been con-
sidered and put into use for some of the large continental networks.
It is now too early to suggest in any detail the form of such a switching
plan, but it seems that while political considerations may temporarily
affect the form of the network, ultimately the requirements of economy
and good service which have determined the form of continental
plans now in use will be weighty factors in the planning of a world-wide
fundamental switching plan. This gives a clue to some of its char-
acteristics.

The splitting of circuit time between different terminal wire net-
works, while a valuable expedient for offering service under pioneer
conditions, will naturally disappear generally as sufficient traffic
develops to justify a full time circuit on a given route. This may be
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expected to be followed by the development of small circuit groups
between the more important continental telephone networks, each
group being operated as a unit between fixed terminal points. The
advantages, while circuit groups are small, of concentrating inter-
continental traffic as far as possible between the same terminals
rather than diverting it to individual circuits between different
terminal points, are great. As an illustration, between the United
States and Europe where the volume of traffic has already led to the
development of a circuit group, the operation of the six circuits now
contemplated as a unit is estimated to give for the same grade of
service a capacity one third greater than would be afforded by six
separate circuits of the same character between different terminal
points. The inclusion in one group of circuits of three different types,
short-wave radio, long-wave radio and cable, will afford a continuity
of service and an insurance against interruption far beyond what
could be achieved with single circuits. A single circuit group between
the two continental networks is also advantageous from a service
standpoint because of the simpler operating arrangements.

While the first stage in the development of intercontinental business
appears to indicate the concentration of intercontinental traffic in so
far as the extent of continental networks makes this practicable, a
second stage in the development will naturally be the establishment
of additional circuit groups between other points of the networks.
This becomes economical and desirable from a service standpoint
when the original circuit group becomes large enough to permit of
subdivision without great loss in efficiency and when the amount of
traffic which can be conveniently handled through additional points
in the continental wire networks is sufficient to fill the time of a group
of several circuits. Hence, it is to be expected that the ultimate
switching plan for world-wide telephony will include between large
continental networks, such for example as exist in Europe and in the
United States, a number of groups of overseas circuits between
different terminal points selected so as to handle the traffic most
conveniently and economically. Such a plan would also necessarily
provide arrangements for the use of alternate routes. In any case
the ultimate best plan from the standpoint of service and economy
will depend upon the volume of traffic.

The technical achievements which have made possible the linking
together of the continents of the earth with telephone circuits are in
a high degree romantic. What may be accomplished for the benefit
of mankind by the continued development of this world-wide telephone
network depends upon what is said over the telephone circuits. It is
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the hope of scientists and engineers who have been engaged in this
work that this closer knitting together of the nations and races of the
world will be a great contribution to international friendship and
good will. Mr. Coolidge, President of the United States in 1927,
on the occasion of the opening of the telephone connection between
the United States and Spain, gave apt expression to this thought
when he said, ‘I believe it to be true that when two men can talk
together the danger of any serious disagreement is measurably lessened,
and that what is true of individuals is true of nations. The inter-
national telephone which carries the warmth and the friendliness of
the human voice will always correct what might be misinterpreted in
the written word."
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