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LETTER OF TRANSMITTAL.

DEPARTMENT OF COMMERCE AND LABOR,
Bureau ofF THE CENSUS,

S Washington, D. C., January 23, 1906.

IR: .
I have the honor to transmit herewith a report on the telephone and telegraph systems and the municipal .
electric fire alarm and police patrol systems of the United States. This report was prepared in accordance with
the provisions of section 7 of the act of Congress of March 6, 1902. The statistics cover the calendar year ending
December 31, 1902, and were collected and compiled under the supervision of Mr. W. M. Steuart, chief statistician
for manufactures. The text has been prepared by Mr. Thomas Commerford Martin, of New York city, expert
special agent, with the cooperation and criticism of Mr. A. V. Abbott, as to the telephone portion, and Mr. W.
Maver, jr., as to the telegraph portion.

_ The report presents statistics concerning the physical equipment, service, and financial operations of the
commercial and mutual telephone and telegraph systems of the country and the physical equipment of independ-
ent rural telephone lines. It also gives data relative to the systems controlled in whole or in part by raiiway com-
panies, and the ocean cable systems that were in operation all or part of the year.

This is the last of a series of reports on the generation and utilization of electric current. Former reports
relate to street and electric railways and central electric light and power plants. The statistics for the telephone
and telegraph systems were published on December 15, 1904, as Bulletin 17 of the Bureau of the Census, and
those for municipal electric fire alarm and police patrol systems on May 31, 1904, as Bulletin 11.

With the publication of this report the Bureau of the Census closes the first complete census of the generation
and utilization of electric current for the transmission of power, messages, and conversation. These industries
are of such vast importance, have undergone such rapid changes, and have advanced during the past decade to
such an extent that, in order to convey a correct idea of their development, the census should be taken at more
frequent intervals than decennially, as required by the present law.

The telephone and telegraph companies have uniformly treated the request of this office for statistical infor-
mation with the utmost courtesy and consideration. They have freely furnished information of a confidential
character concerning their financial operations, and have manifested a willingness to assist in the compilation of
reliable statistics, which has been gratifying to all engaged in the work. Some companies have incurred large
evpense for clerical assistance to compile the data, and have furnished the office with every facility for making a
complete report. Unfortunately the account books of some of the smaller companies and mutual systems were
so incomplete that accurate answers could not be given to all of the Census inquiries.

Very respectfully,

Director.
Hon. Vicror H. METCALF, :

Secretary of Commerce and Labor.
(xi)
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TELEPHONES AND TELEGRAPHS.

By Tromas ComMMERFORD MARTIN, Expert Special Agent.

PART L .

TELEPHONES.

.

CHAPTER L
GENERAL STATISTICS.

Introduction.—The first statistics of the telegraph
and telephone industries of the United States were
those collected for the census of 1880. When the act
of Congress of March 3, 1879, made provision for that
census, telephony was new and still in the formative
stages of development, and telegraphy, after nearly
forty years of steady growth, was the great agency
for the instantaneous exchange of information.
Although the act related specifically to telegraph
companies and made no reference to telephony, it
was deemed proper and within the scope of the powers
of the Census Office to secure such data as was avail-
able in regard to the art of telephony. During the
period from 1877 to 1880 the telephone industry was
to some extent associated with the telegraph com-
panies, just as it has always been in European countries,
where in many instances the telegraph systems are
governmental institutions. From the standpoint of
technique and engineering the relation of telephony
and telegraphy is of the most intimate nature, and
competent legal decisions in America and abroad
have treated them as essentially one art. Telephony
has become differentiated from telegraphy, and in the
United States it is now conducted as a distinctly
separate industry.

By 1899 telephony had become one of the typical
American industries, and not only had surpassed
telegraphy in physical and financial magnitude, but
by its very growth had seriously restricted the expan-
sion of the older art. As a result telegraphy has been
regarded by many authorities as being in a condition
of arrested development. The introduction of wire-
less telegraphy is likely, however, to have a marked
effect upon the growth of the industry.

The vast strides made by telephony were recog-
nized when the census law of March 3, 1899, was
passed, and categorical provision was made for an
inquiry regarding telephone systems.

The comparisons made to illustrate the develop-
ment of the two industries are based upon the sta-
tistics shown in the reports of the census of 1880,
although the data relative to telephones presented
briefly as a part of the statistics of manufactures

i in 1890 ! are cited incidentally.

The extraordinary nature of the changes in tele-
phonic evolution is in itself sufficient to debar the
statistician or economist from deriving full benefit
from the material in hand, or from instituting an
analysis that can do justice to the less obvious fea-
tures of such rapid growth.

Telephony is undergoing even now, about thirty
years after the invention of the speaking telephone, a
development almost without parallel. It would
seem that under such circumstances the data and
statistics of most weight would be those derivable
from comparisons made for shorter periods than
decades, and might well be for five-year terms, as in
the census of manufactures.

General statistics for telephone and telegraph sys-
tems.—The statistics presented herewith are for the
telephone and telegraph business as conducted com-
mercially either for the year ending December 31,
1902, or for the fiscal year most nearly conforming
to that year. Table 1, which is a summary for con-
tinental United States, indicates the magnitude and
the relative importance of the two industries.

! Eleventh Census, Bulletin No. 196.
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TaBLe 1.—Comparative summary—telephone and lelegraph systems,
including submarine cable systems: 1902.

Telephone | Telegraph
‘ Total. systems. systems.
|
| )
Number of systems. ................... ) 4,176 4,151 25
Milesof wire..........ccoceveeeen....l 6,168,836 4,850,486 | 11,318,350
Salaried officials, clerks, etc.: ‘
14,953 14,124 829
..l 811,048,518 $9, 885, 886 $1,162, 632
Wage-earners:
Average number........... 91, 426 64, 628 26, 798
WAeB. . ..oveiiiiinieiinianns $40,246,776 || $26,369,735 | $13,877,041
Capital stock and bonds outstanding,
PAr value.......cooiuiiiiiinninnnnnnn $510,977,583 || $348,031,058 | $162,946, 525
Common 8tocK............. e , 033, $260, 180,076 | $115, 853,525
Preferred stock .. $6,000,621 $4, 869, 621 $1, 200, 000
Bonds......... ..l $119,874,361 || $73,981,361 | $45,893,000
Total TevenuUe.....oovee.een.eennennnns $127,755,574 || $86,825,536 | $40,930,03%
Opemtlnﬁ!oxpema and ﬂxed charges,
except interest on bonds............ $00,651,707 || $61,652,823 | $28,908,884
Interest on bonds , 461, $3,511,948 $1,949, 150
Dividends paid...... cee. $21,230,412 || 814,982,719 , 256, 693
Net surplus........... ..| 810,403,357 $6, 678, 046 $3, 725,311
Total 888€t8. . .cvvueuureeennerennnn. .. $647, 676, 321 $452,172, 546 | $195,503, 775
Construction and equipment (ln-
cluding telephones .| $523,473,142 | $366, 561,604 | $156,911, 448
Realestate...............c.ooeueen $27, 484, 669 $22,716,538 $4, 768,131
8tocks and bonds of other com-
panies.........c.coiiiiiinniiiina. , 878, 286 $9,938,342 | 825,939,044
Machinery, tools, and supplies . $10, 635, 486 $9, 689, 691 $945,
Bills and accounts receivable...... $33,714, 416 , 629, 6 $3, 084, 739
Cash and deposits................. $15,579,224 || $12,291, 840 $3, 287,384
ndries $911, $344, 7 $566,
Total linbllltles .| $647,676,321 || $452,172,546 | $195, 503, 775
Capit, .1 $391, 103, 222 4,049, $117,053, 525
Bonds $119,874,361 || $73,081,361 | $45,893,000
Cuh lnveatment unincorporated
companies............iiieannnn. $6, 168, 609 $6, 161,209 $7,310
Bills and wcounta payable. . $50, 547,584 | $44, 302, 999 $6, 244, 585
Dividends unpaid............ o $554, 733 $188, 067 s
Reserves...................... I $38,889,276 | 31,029,628 $7,850, 648
Sundries..........c..cooeane. .. 81,124,265 $1,124,265 |.............
Surplus..coeeiiiiiiiiiiiiiiiiiean, 2 839,414, 271 || $21,335,230 | 818,079,041

1 Includes miles of wire ogerawd by Western Union Telegraph Company out-
side of the United States, but does not include 16,677 nautical miles of cable
operated by submarine cable systems.

Table 1 does not include the statistics for the inde-
pendent farmer or rural telephone lines of a cooperative
nature, or those for the telegraph and telephone lines
owned by steam and electric railway companies and '
operated along their tracks for service purposes. For
these two classes of lines, together with those used in
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~ various cities, 358,787 miles of single wire were

reported, making, with the 6,168,836 miles shown in
Table 1, a total of 6,527,623 miles of single wire used
in the transmission of messages, besides the 16,677
nautical miles of cable operated by submarine cable sys-
tems owned by American companies. While the total
thus obtained contains some duplications, due to the use
of the same wire for more than one service, it does not
include wire used for purely private purposes, such
as connections between two or more places of business
or farmhouses, since these lines are not of sufficient
importance to be classed as farmer lines. Moreover,
it does not include mileage of submarine cables that
stretch across the Atlantic and Pacific oceans from
American or contiguous shores and are owned and
operated by foreign capital, although they may be
dependent in very large degree upon American pat-
ronage and upon business transferred to them from
American land lines.

Dominance of telephony.—Although the commercial
telephone. has developed entirely during the past
thirty years, the comparison made in Table 1 shows
that it is of vastly greater importance than the tele-
graph. In 1902 the telephone systems operated 78.6
per cent of the wire mileage reported for both tele-
phones and telegraphs, gave employment to 70.7 per
cent of the wage-earners, paid 65.5 per cent of the
wages, received 68 per cent of the total revenue, and
paid 67.8 per cent of the total expenses.

In the appendix to this report are printed the special
schedules employed in the collection of the telegraph
and telephone statistics, and the mstructlons for their
application.



CHAPTER II.
GENERAL TELEPHONE STATISTICS.

Comparative summary.—When the telephone sta-
tistics were compiled in 1880, the industry was in an
embryonic condition. Human speech was first trans-
mitted over a wire by Prof. Alexander Graham Bell
in 1876. A few experimental circuits were established
in 1877, and in the same year the industry was given
commercial shape. In May, 1877, the first attempt
at interconnection on the exchange plan was made in
Boston, utilizing burglar alarm circuits, and in Janu-
ary, 1878, the first fully and regularly equipped com-
mercial telephone exchange was opened for business
at New Haven, Conn. The early work was done with
magneto telephones of limited range as to distance of
transmission, but the introduction of the microphone
transmitter in 1878 gave a tremendous stimulus to the
art, so that by 1880 activity in the exploitation of the
business was everywhere manifest. It is a matter of
record that in the spring of 1880 the American Bell
Telephone Company had in operation some 61,000
transmitting and receiving telephones. The collec-
tion of data for the census followed shortly afterwards,
yielding results that are compared in Table 2 with
those of 1890 and 1902.

TabLe 2.—Comparative summary—all telephone systems: 1902, 1890,

and 1880.
1902 ! 1890 1880
Number o! systems ................. 4,151 53 148
........................ 4,850, 486 240, 412 34,305

Number of subscrlbers .............. 2,178, 366 227,357 48,414
Number of stations or telephones of

allkinds...............cooiiils 2,315,297 233,678 64,319
Number of public exchanges ........ 10, 361 1,241 437
Number of employees............... 78,752 8,645 3,
Capital stock authorized, par value., $384, 534,066 (O] $17, 386, 700
Total revenue.,.........ccocpeueenenn $86,825,536 | 816,404,583 183,098, 081
Operating expenses and fixed

Charges...........ccovvvemnnnaanns 3865,164,771 | 811,143,871 182, 373, 703
Dividends.... % ... ...l $14,082,719 |  $3, 168,208 18302, 730
Net surplus $6, 678, 046 $2,092, 504 28421,648
Total assets................. .| $452,172,546 ) 1815, 702,135
Total investments.................. 48,031,058 | $72,341,736 $14, 605, 787
Number of messages or talks....... 5,070,554,553 | 453,200,000 O]

1 Not reported.

2Sixteen systems failed to report any financial data.
3Including interest on bonds

4Only 74 systems reported asi

s Capital stock and bonds outstanding, par value.

In connection with the statistics presented in Table 2
it may be noted that in 1880 the population of the
United States was 50,155,783, and that the number
of telephones reported in that year was 54,319; thus
there was an average of 923 persons to every telephone.

In 1902 the population had increased to an estimated

78,576,436, and the telephones to 2,315,297, the aver- |

18407—06——2

age being about thirty-four persons per telephone. In
the 22 years from 1880 to 1902 the total number of
public exchanges increased from 437 to 10,361, and
the number of employees, from 3,338 to 78,752. The
total telephone revenue reported in 1880 was $3,098,-
081, or an average of $57.03 per telephone, as com-
pared with $86,825,536, or $37.50 per telephone, in
1902. This apparent diminution is explained in small
part, however, by the large number of mutual tele-
phones that were in existence in 1902 but were un-
known in the earlier period, when all the work was
within city limits. The amount of capital stock
authorized in 1880 was only $17,386,700, while that
for 1902 was $384,534,066, or a little more than
twenty-two times greater.

In the presentation of the figures for 1880 in the
Census bulletin the industry was referred to as hav-
ing passed through the stages of an unprecedented
development during the census year of 1879-80. At
the beginning of that year the industry amounted to
little or nothing, but at the end of the year it repre-
sented one of the great interests of the country. In
addition to the 148 systems that made reports in 1880
there were some companies and individuals known to
own telephone machinery and wire from whom no
reports could be obtained, because when the Tenth
Census was taken they either had not fully organized
or had not commenced operations. Hence the sta-
tistics for 1880 should be regarded only as a fair
approximation to the telephone exchange industry at
that time.

The bulletin of 1890 called attention to the fact that
the number of subscribers had increased 369.6 per cent
during the decade, the number of subscribers per
exchange had increased 64.9 per cent, and the mileage
of wire per subscriber had increased 49.3 per cent.
The comment was made that these increases showed
how necessary the telephone service had become in
commercial and social affairs, and spoke volumes for
the enterprise that had attended. the development of
inventive genius in this branch of the electrical
industries.

Summary of systems in outlying districts.—Reports
were received for 1 system in Alaska, 1 in the Philip-
pines, and 7 in Hawaii, these systems reporting in the
aggregate 5,518 miles of single wire and 2,891 tele-
phones. The statistics are summarized in Table 3.

(5)
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TasLe 3.—Summary—outlying districts: 1902.

Number of systema .....................................................

Miles of wire................ 5,518
Number ot subecrlben 2,8%0
Number of stations or telephones of all kinds. . 2,81
Number of public exchanges................... e 14
Number of pay stations..................... e 8
Number of party ines. ..........cccoeieniiiiiiiiiiiiiiiiiieniennannns 798
Number of at.atlons onpartylines............coooiiiiiiiiiiiiiiii, 1,595
Manual switchboards, total number 14
Common L0771 o 2
M Magmeto...... PR fotai mam b 2 887 ég
essages or talks during year, DUMDer. . .veeeeiniieiananannnns , 887,
Salaried officials, clerks, etc.:
Number. . et ittt ee
w Salaries. ... ..ottt e $25, 908
age-earners:
AVerage NUMDeT. .. ..cooviiiniitictseteeeteareneirnnrsennceennenns 134
\m .............................................................. $43, 532
Cspl tion:
Authorized,common 8tocK. .....cccvviieieiiiiiiiiiiiiiiiiiiiiinaas 3507, 900
Ouutandlng Ccommon BtOCK. . ... .ot $390, 745
Total revenue........ o Hrod charees. ceee 8%. 568
rating expenses an charges............cc...... 5
vidends pald.........ooiiiiiiiiiii $25,
Netsurplus............c.couuee... $19,241
otalassets. ... ..........oeeunenn $531, 197
Construction and equipment. $409, 676
Telephones......c.ccoovunnen. $61, 785
Realestate...................... $31,782
Machinery, tools,and aup% $6, 860
Bills and sccounts receivable. . $16,966
Cash and deposits............ $4,119
Total labilities........ e meean e tea e aeanan $531,197
Capital 8tOCK. ...oiueriiiirenniiiie it , 745
TVeS....cuveennnnnnnns $8,758
Bills and accounts payable.......................... , 995
Dividendsunpadd..... ...l $771
Nt BUIPIUS. .o e itiieieiene it iciiaeiaiiaaearaeaaaaa $107,928

No reports were received for the telephone lines
in Porto Rico, and, except in Table 3, the data
for the telephone systems in the outlying districts
of the United States are excluded from the statistics
presented in this report.

Classification of systems.—In compiling the present
statistics each system—comprising all the telephone
lines, exchanges, -and toll stations owned and oper-
ated by any individual, collection of individuals, firm,
or corporation—was considered as a unit requiring a
separate report. Companies organized to finance
operating companies or to control them by the
ownership of the majority of the stock, but not
engaged in actual operation of exchanges, were not
reported. Companies simply manufacturmg appa-
ratus were, of course, excluded.

There are many individual telephone plants of a
purely private character operating in one build-
ing or connecting two or more buildings or places of
business. These correspond to isolated plants in
electric lighting, and no attempt was made to enu-
merate lines or systems of this character, although
the numerous private branch exchanges operated as
part of telephone exchanges for the more efficient
service of the subscriber are duly brought to account
in the exchange statistics.

The American Telephone and Telegraph Company
and its 43 licensee corporations were counted as 44
separate systems. The reports for the 43 licensee
companies were credited to the states in which their
operating headquarters were located, and the long
distance system operated by the American Telephone
and Telegraph Company was credited to New York,
its operating or official headquarters being located in

New York city. In cases where the same company
operated exchanges in more than one state the com-
bined reports for all its exchanges were counted as
for one system, but separate reports were obtained
for the equipment and business of the individual
exchanges in each state, so as to give proper credit
to the respective states.

The statistics are shown separately in thlS report
for three distinct classes of telephone systems as
follows:

1. Commercial systems, including all systems oper-
ated by individuals, firms, or corporations, primarily
for revenue.

2. Mutual systems, including all systems operated
through a mutual arrangement among persons deriv-
ing benefit from the service, primarily for the benefit
of the owners, revenue being incidental to the opera-
tion of the line.

3. Independent farmer or rural lines, including all
lines having no regular exchange or central office.
These lines are often opcrated under conditions
similar to those controlling mutual systems.

The rural telephone lines usually consist of one or
more circuits strung through a sparsely settled rural
district and connected to the various farmhouses.
Frequently these lines operate on a grounded circuit,
barbed wire fences being sometimes utilized. Often
these systems connect in some manner with a mutual
system or with a commercial system, and in this way
obtain for their owners the advantage of extended
telephonic connection.

Obviously the natural course of evolution in tele-
phonic systems is the formation of a mutual system
by the consolidation of two or more rural lines, which
unite and establish an exchange for the benefit of
the several owners; and next, the mutual system as
it grows and extends is likely to become incorporated
and be transformed into a commercial system.

Only the commercial systems were known to the
earlier art and to the censuses of 1880 and 1890, and
until the expiration of the fundamental Bell tele-
phone patents the industry had remained virtually
under the control of one corporation with one cen-
tralized management. During the present decade,
however, a great many independent and mutual
companies have been established, and in some states
such systems are of great importance, although in
1902 there was no mutual system in any large center
of population. Great activity prevailed during the
census year in the formation of new local telephone
exchange companies and in the consolidation of
existing independent companies. As a result of this
development the collection of the latest statistics
was a task of considerable difficulty and magnitude.
Although it is probable that in some respects the
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data are incomplete, the totals may be accepted as
an accurate indication of the condition of the indus-

TaBLE B.—Summary—all systems: 1902.

try during 1902. Total. Commercial. | Mutual.
. Statistics for systems, by class.—Table 4 shows, for | —
each of the three classes, the number of systems, | MNumberof systems T Lot | 0.0
miles of single wire, and number of telephones (not | Number o mosiene e wicphoses ot | 2 02 2,080,846 | 8,520
including any instruments employed by the systems | wimborof pubiic sxchangea.. 1| T loey | edn| ek
exclusively for their own use) in continental United | Nmber of Brivate praneh exchanges. R B~ i@
States in 1902. These items constitute the only | Numberof BT bay stations. ... -1 248 %08 0,50
. . 3 . Number of stations on party lines. 886,152 808,571 77,581
information obtainable for the independent rural Bwitchboards, tota o party lines. 10,806 9,954 o
. L . . hboar
lines, hence the statistics for these lines are omitted Common battery. . ... 837 830 7
from all tables unless otherwise stated. AQEBgRCLO. .o 10,008 9,071 934
Messa?: or talks during year, total 5,070, 554,553 || 4,071,413.070 .
. . . number..... ... ... il , 07 , 55, 1,413,0 99,141,483
TasLe 4.—Number of systems and independent rural lines, miles of | . Local exchange. ... oonmoo.. 4,940,840,700 || 4,851,416,539 | 98, 433, 170
wire, and number of telephones: 1902. sd:,‘gﬁ%%:}:ﬂ%.‘:’:&f‘z& 120,704,844 | 119,996, 708,313
. Number. .......... 14,124 13,958
‘ g Salarien... 885, 0,871,506 |  $14,200
Inde- age-ea .
Total. || COMmMer- | yyqyg. | Pondent Wagen, omoer ] s sodan || w20, 00,008 | 163,600
clal. | Tioes Capital stock and bonds outstanding, ]
| g pa(s ValUe. .ottt | $348,031,058 || $347,366,793 $064, 265
‘ Breforred stook...L1 111 o aen | Cstasen | 2000
Number of systems and lines 9,136 3,157 994 | 4,985 Bonds. ... 1. 873,981,361 $73 078,361 | $3,000
Miles of Wire..:....ooeeeunennn. ..| 4,900,451 || 4,779,571 | 70,915 49,965 | Total revenue. i ) '825, $86.522.211 | 1$303.325
Number of telephones............... 2,371,044 | 2,225,981 89,316] 55,747 Operating expenses and fixed charge | » ,622, ’
I ! except interest on bonds............ $61,652,823 $61,371,002 $281,821
IDnlW'l&eatdon b?élds L $3,511,048 l“,,611,768 $180
At the end of 1902 there were in operation in con- | Net surplub . ... .7 /1100 - e SaRLoE | S

tinental United States 9,136 telephone systems and
indepéndent farmer or rural lines, with 4,900,451
miles of single wire and 2,371,044 telephones.

There were 4,985 independent lines reported, or
54.6 per cent of all the systems and lines. These
lines have had a remarkable development during the
past six years. In Illinois, Indiana, Iowa, and Mis-
souri there were 3,758 lines of this character, or 75.4
per cent of the total number.

Of the total wire mileage the commercial telephone
systems operated 97.5 per cent, the mutual systems
1.5 per cent, and the independent farmer or rural
lines 1 per cent. Of the telephones the commercial
systems reported 93.9 per cent, the mutual systems
3.8 per cent, and the independent farmer or rural
lines 2.3 per cent. ' :

The average numbers of telephones per system were
705 for the commercial systems, 90 for the mutual,
and 11 for the rural. But such averages lose sight
of the fact that the bulk of the business is transacted
by a comparatively small number of the systems.
The reports show that out of the 4,151 commercial
and mutual systems only 194, or 4.7 per cent, oper-
ated 1,000 or more telephones, but these 194 systems
returned 1,679,199 telephones, or 72.5 per cent, of all
the instruments in use. This is evidence of the exist-
ence in telephony of the prevalent tendency toward
consolidation.

Though the independent rural lines must be included
in a complete enumeration of the telephone facilities
of the United States, they must be excluded from the
category of commercial undertakings. When they are
excluded, the telephone systems are divided into com-
mercial and mutual and appear as in Table 5.

1 Includes assesasments.

Table 5 shows 4,151 systems, of which the com-
mercial lines comprised 3,157, or 76.1 per cent, and
the mutual lines 994, or 23.9 per cent. The commer-
cial telephone companies controlled 98.5 per cent of
the wire mileage and 96.1 per cent of the telephones
in use, and reported 95.9 per cent of all the subscrib-
ers. The proportion of the telephone business trans-
acted by the systems operated cooperatively for
convenience rather than profit was very small.

It is interesting to contrast the relative proportions
of the telephone systems operated by the American
Telephone and Telegraph Company and those under
the independent organizations, as shown in Table 6.

TaBLE 6.—Summary—Bell and independent systems: 1902.

| Total. Bell | Independent.
Number of systems............... . ‘ 4,151 1' 44 4,107
Miles of wire 4,850,485 3,387,924 1,462,562
Number of subscribers............. 2,178,366 | 1,222,327 956,039
Number of stations or telephones '
ofall kinds....................... 2,315,207 1,317,178 998,119
Number of public exchanges....... 10,361 | 3,753 6,608
Number of private branch ex-
changes.........c...coiiininnn. 7,883 - 7,266 617
Number of automatic pay stations. 32,477 26,573 ,004
Number of other pay stations...... 48,393 || 29,083 19,310
Switchboards, total nymber....... 10, 896 3,820 7,076
Manual:
&7 356
005 4638
Automatic 54 1
Measaie;
number...........o..oioiiiall 553 060
9, 700 933
844 127
Wage-carners: !
Average number.......... . (4,628 ,064 18, 5ti4
WageB......oeeeeeaainnaaannn.. . $26,369,735 $21,026,257 | $5,343,478
I




.

It appears that out of a total of 4,151 systems the
American Telephone and Telegraph Company oper-
ated 44, or 1.1 per cent, and the independent compa-
nies, 4,107, or 98.9 per cent. In other words, there
were about ninety-three times more organized systems
among the independent interests than among the
Bell companies, but the latter, in which consolidation
had already gone so much further, had 131.6 per cent
more miles of wire, 27.9 per cent more subscribers,
and 32 per cent more telephones, and handled 54 per
cent more messages.

The reports show that there were independent ex-
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changes in all the states and territories except the Dis-
trict of Columbia and Utah. The American Tele-
phone and Telegraph Company operated in all regions
except Indian Territory, and predominated in 20 states
and territories. In these states and territories there
were 2,615 exchanges, of which the Bell interests con-
trolled 1,992, or 76.2 per cent.

Statistics by geographic divisions.—Table 7 shows the
relation between population, telephones, and mes-
sages, and Table 8 summarizes, by geographic divi-
sions, the principal items for all classes of telephone

. systems.

TasLe T.—ALL SYSTEMS—TELEPHONES, MESSAGES, AND POPULATION, WITH PERCENTAGES AND AVERAGES, BY

GEOGRAPHIC DIVISIONS: 1902.

PERCENTAGE OF TOTAL. AVERAGE.
Estimated )i:n‘lber of Number of |
stima stations or | messages or
DIVISION. population. | telephones | talks ﬁurlng Popula- Tele- | Mes Population| Number of | Number of
of all kinds. year. tion. phones.  or talks. || Pertele- | messages n;:ee:te g
. phone. | per capita. ‘phone

United States..............ccooiiiaana. 78,576,436 2,315,297 | 5,070,554,553 100.0 100.0 100.0 \ M 65 2,190
North Atlantic. . 647,670 | 1,208,179,198 27.7 28.0 23.8 34 55 1,865
8outh Atlantic 10,770,414 143,314 353,559,870 13.7 6.2 7.0 75 33 2,467
North Central. ,087, 1,091,168 | 2,446,257,875 4.5 47.1 48.3 25 90 2,242
South Central. 4,651,535 225,999 : 681,497,626 18.6 9.8 13.4 65 47 3,015
Western 4,280,085 207,146 | 381,059,984 5.5 8.9 7.5 21 89 1,840

TaBLe 8.—ALL SYSTEMS—SUMMARY BY GEOGRAPHIC DIVISIONS: 1902.
Number Numberl| BALARIED OFFICIALS, .
Num- of sta- |Number| of | Number of CLERKS, ETC. ‘ WAGE-EARNERS.
DIVISION berof| Miles | tionsor | of pub- | switch- or Total Total Net
. ';ys» of wire. hwle- ‘ llic ex- botnrﬁs talks during A revenuc. | expenses. | surplus
ms. ones of changes.| of a year. verage
2 “Kinds. Kinds. Number.| Salaries. || pymper | Wages.

United States....| 4,151 |4,850,486 |2,315,297 | 10,361 | 10,806 | 5,070,554,553 “ 14,124 | $9,885,886 64,628 |$26, 369,735 |S80,825,536 £80, 147,490 :86,678,046
North Atlantic......... 647,670 2,330 2,480 | 1,208,179,198 5,703 | 4,779,345 21,702 | 10,204,325 || 36,741,249 | 35,773,374 967,875
Bouth Atlantic......... 143,314 91 830 353,559,870 1,015 645,107 4,025 | 1,453,419 | 4,530,560 | 4,132,206 398,354
North Central.......... 1,001,168 | 5,212 | 5,500 | 2,446,257,875 4,768 | 2,061,686 || 25,445 | 8,986,075 | 29,682, 26,078,185 | 3,604,078
Bouth Central.......... 565 | 538,347 | 225,999 1,144 1,199 681,497,626 1,266 841,390 7,060 | 2,419,070 7,941,011 | 6,700,757 | 1,241,154
Western................ 305,428 | 207,146 884 887 | 381,059,984 1,372 658,358 6,306 | 3,306,846 || 7,0209653 | 7,462,968 | 466,585

The North Central division returns show 61.9 per
cent of the total number of systems and 41.5 per cent
of the total wire mileage. Moreover, as this division
had the largest population—34.5 per cent of the total—
it naturally transacted the greatest amount of busi-

ness as measured by the number of messages, showing
48.3 per cent.

Table 9 summarizes the statistics for the commercial
systems.

TasLe 9.—COMMERCIAL SYSTEMS—SUMMARY BY GEOGRAPHIC DIVISIONS: 1902.

1_,—7, V_I-;,ki,_‘__ll_, —
I Number Number: BALARIED OFFICIALS, WAGE-EARNERS.
Num- of sta- |Number of ' Numberof | CLERKS, ETC.
DIVISION. ber of | Miles of ' tions or | of pub- ' switch- messages or ‘ [ Total Total Net
. 8ys- wire. | hudo- lic ex- boarﬂs . talks during ‘ R revenue. | expenses.  surplus.
tems. phones of changes. of a| year. verage
‘ all kinds. ! kinds. /Number.| Salarles. .,y per | Wages. |
! i ! |
- — - o e _WﬁAig e o i
United States.... 3,157 4,779,571 2,225,981 9,419 ‘ 9,954 4,471,413,070 13,958 | $9,871,596 | 63,630 ‘8‘26.206,065 886,522,211 ‘879,864,419 $6,657,792
North Atlantic.. . 371 1,666,263 643,004 | 2,236 | 2,406 ' 1,203,979,01% 5,603 | 4,TT8,88 21,643 | 10,197,916 | 36,723,753 | 35,757,126 | 966,657
South Atlantic | 348 | 317,827 139,319 729 T68 349,373,521 1,012 644,946 | 3,977 1,449,047 4,515,004 4,117,265« 397,739
North Central. 1,85 1,957,250 1,014,164 4,442 4,730  2,361,506,911 4,626 | 2,950,741 24,605 | 8,842,764 | 29,437,516 | 25,851,055 | 3,586,461
South Central. . 496 | 534,648 ‘ 223,507 1,121 1,176 hTT, ! 1,261 839, 505 ] 7,020 | 2,414,545 7,927,428 | 6,086,816 | 1,240,612
Western................ 86 ‘ 303,583 © 205,977 871 874 379,035,926 ‘ 1, 657,516 ; 6,376 | 3,301,793 7,918, 480 7,452,157 | 4,323
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The North Central division returned 1,856, or 58.8
per cent, of the commercial systems, and 1,014,164, or
45.6 per cent, of the commercial telephones.

The commercial systems controlled the larger pro-
portion of the wire and telephones operated by the in-
dépendent systems, and their development is the im-
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portant factor in the growth of the independent
movement. Table 10, showing the distribution of
the existing independent' commercial systems accord-
ing to the year in which established, by states and ter-
ritories, indicates the rapidity of the growth of this
feature of telephony.

TasLe 10.—DISTRIBUTION OF EXISTING INDEPENDENT COMMERCIAL SYSTEMS ACCORDING TO YEAR IN WHICH
ESTABLISHED, BY STATES AND TERRITORIES: 1883 TO 1902.

While Table 10 is based upon the replies received
in answer to the direct inquiry, ‘“Date when this
exchange system was first established,” it is possible
that in some instances the date of the reorganization
of the system was given, instead of that of its original
establishment. In sections where reorganization has
been very active during recent years such a mistake
would be apt to occur.

Table 10 shows that of the independent commer-
cial systems still in existence, the first was estab-
lished in 1883, and that between 1883 and 1893,
inclusive, 74 such systems were organized. Inasmuch,

systems independent, as it is perhaps hardly possible
that they all operated independently of the Ameri-
can Bell Telephone Company. During the early life
of the Bell patents a number of exchanges were organ-
ized under the Edison and Elisha Gray patents and

‘were operated in opposition to the Bell system, but

the rapid increase in the number of independent com-
mercial systems dates naturally from 1893, when the
Bell patents expired; during the nine years from 1894
to 1902, inclusive, there were 3,039 such systems
established.

Table 11 summarizes the statistics for the mutual

however, as the Bell patents did not expire until @ systems.

1893 it might seem a misnomer to call these 74
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TasLe 11.—MUTUAL SYSTEMS—SUMMARY BY GEOGRAPHIC DIVISIONS: 1902.

[ | Number SALARIED OFFICIALS,
um- of sta- | Number | Number | Number of CLERKS, ETC. WAGE-EARNEES.

DIVISION, ber of | Miles of | tions or | of pub- |of switch-| m: or - Total Total Net
. sys- | wire tele- licex- | boardsof| talks d’urlug | revenue. | expenses.| surplus.

| tems. | pholx()ﬁ:d(:f changes. | al! kinds. year. ‘ Number.| Salaries. :uv&rgeg:‘ Wages.

| ;

United Btates........ 1 994 70,915 80,316 942 942 99,141,483 ‘ 166 $14,200 998 ( $163,670 | $303,325 | $283,071 $20,254
North Atlantic............ 119 2,985 4,656 74 74 4,200,180 ! 10 457 59 6,409 17,466 16,248 1,218
South Atlantic. .. 3 4,549 3,995 62 62 4,186,349 | 3 161 8 4372 || 15,55 | 14,941 615
North Central. 712 57,837 | 77,004 7 770 | 84,750,964 | 142 10,945 | 840 | 143,311 | 244,747 | 227,130 17,617
South Central. . 69 3,699 2,492 23 23 3.979,932 5 1,885 31 , | 14,483 13,041 542
Western 1 21 1,84 1,169 13 13 2,024,058 ‘ 6 842 ‘ 20 5,053 || 11,073 10,811 262

According to Table 11, there were 994 mutual
systems, of which 712, or 71.6 per cent, were in the
North Central division, while only 21, or 2.1 per cent,

were in the Western states.

The North Atlantic divi-

sion ranked second in the number of mutual systems,
notwithstanding the fact that 4 of the 9 states in this

division did not report any. In the North Central
division there were 77,004 telephones, or 86.2 per cent
of the total number, returned by the mutual systems.

Table 12 shows the number of existing mutual
systems established during each year in each state

and territory.

TasLe 12,—DISTRIBUTION OF EXISTING MUTUAL SYSTEMS ACCORDING TO YEAR IN WHICH ESTABLISHED, BY STATES
AND TERRITORIES: 1881 TO 1902.
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The date of the establishment of the systems was
given in reply to a direct question, but it is liable to
the uncertainties referred to in connection with the
commercial systems.

Accepting the numbers reported for each year as
indicating the growth of mutual systems, it appears
that between 1881 and 1895, inclusive, there were 37

such systems established, and from 1896 to 1899,

inclusive, 212 systems. In 1900 there was a large
increase in the mutual ownership, 181 systems being
established. But the great increase began with the
present century, 269 mutual systems being established
in 1901 and 295 in 1902. In 1902 Iowa—probably
one of the first states in which a mutual system was
established—had 170 systems, or 17.1 per cent of the
total number of these systems; 159, or 93.5 per cent,
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were established between 1900 and 1902, inclusive.
There were no mutual systems reported as in opera-
tion during the year covered by this report in Arkansas,
Delaware, the District of Columbia, Indian Territory,
Massachusetts, New Hampshire, New Jersey, New
Mexico, Rhode Island, Utah, or Washington.

Rural lines.—Table 13 shows approximately the
number of rural lines, classified as commercial, mutual,
and independent so far as it has been possible to
segregate them, and gives the mileage of wire and the
number of telephones for each class by geographic
divisions. These statistics, except those relating to
the independent rural lines, are included in the tables
immediately preceding. The subject is more fully
considered under ‘‘ Rural substations” in Chapter VI.

TapLe 13.—NUMBER OF RURAL LINES, CLASSIFIED AS COMMERCIAL, MUTUAL, AND INDEPENDENT RURAL, WITH THE
WIRE MILEAGE AND THE NUMBER OF TELEPHONES, BY GEOGRAPHIC DIVISIONS: 1902.

I NUMBER OF LINES. MILES OF WIRE. NUMBER OF TELEPHONES.
DIVISION.
' Commer- Inde- Commer- Inde- | Commer- Inde-
Total. Mutual.!| pendent || Total. Mutual. ndent | Total. | Mutual. dent

clal. rural clal. pernral + clal. perﬁral.
United States..........cccceneenn.. 21,577 15, 508 994 4,985 | 250,306 || 138,426 | 70,915 | 40,965 || 266,968 || 121,905 | 89,316 55,747
North. Atlantic 1,151 947 119 85 18,069 14,152 2,985 932 18,706 12, 499 4,656 1,551
South Atlantic 1,195 674 73 448 17,824 7,629 4, 549 5,646 11,268 3,822 3,995 3, 451
North Central...... 18,060 || 13,186 n2 4,171 || 205,660 || 108,475 | 57,837 | 30,348 || 226,606 | 100,856 | 77,004 48,746
South Central...... 958 634 69 256 13,880 || - 6,564 3, 609 3,626 7,829 3,546 2,402 1,701
WEBLEIN . e eevveenneennennnennneannaannnn . 204 157 21 26 3,864 1,606 1,845 413 2,559 1,182 1,160 208

18ystems.

The total number of rural lines in operation in the
United States in 1902 was 21,577. Of this number,
15,598, or 72.3 per cent, were owned by commercial
systems; 994, or 4.6 per cent, were controlled by the
mutual systems; and the remaining 4,985, or 23.1 per
cent, were independent farmer or rural lines.

More than three-fourths of these lines were in the
North Central division, the proportion being 83.7
per cent, and the number, 18,069. This division also
contained the greatest number in each class of rural
lines, the proportions being as follows: Commercial,
84.5 per cent; independent, 83.7 per cent; and mu-
tual, 71.6 per cent. Of the total rural lines in the
North Central division, the proportions formed by
the various classes were 73 per cent for commercial,
23.1 per cent for independent, and 3.9 per cent for
mutual lines.

The South Atlantic division ranked second in the
number of lines, although its proportion of the total
rural lines was only 5.5 per cent. The North At-
lantic states ranked third, with 5.3 per cent.

Only Delaware, the District of Columbia, New
Jersey, and Utah did not report any line of a purely
rural character. No mutual rural systems were re-
ported for Arkansas, Indian‘ Territory, Massachu-
setts, New Hampshire, New Mexico, Rhode Island,
or Washington, and no independent rural lines were
, found in Colorado, Connecticut, Maryland, Massachu-
setts, Nevada, New Hampshire, North Dakota, Okla-
homa, Rhode Island, or Washington. It is probable
that some small systems of this character were in
operation in these states and territories, but it was
impossible to locate them or obtain any information
concerning them.




CHAPTER IIL
TELEPHONE CAPITALIZATION.

Capitalization of incorporated companies.—The cap-
italization of incorporated telephone companies is
exhibited in Table 14, which shows the amount of
capital stock, preferred and common, authorized and
outstanding; the amount of dividends paid on each
kind of stock; the amount of authorized and out-
standing funded debt; and the amount of interest
paid thereon during the census year.

TaBLe 14.—Capitalization of incorporated companies—all systems:

1902.
Total. ‘ Commercial.| Mutual.

Number of incorporated companies..... 2,271 1,924 347

Capital stock and bonds authorized,
parvalue.... .........cciciiiiiiainen $542,633,160 || $541,080,781 | 81,552,379

Capital stock and bonds outstanding,
parvalue...........ocieiiiniiinnaan.. $348,031,058 || $347, 366, 793 $664, 265

Capital stock:
Total authorized, par value ....| $384,534,066 || $382,088,687 | $1,545,379
Total outstanding, par value...| $274,049,607 || $273, 388, 432 $661, 265
Dividends paid................. $14,982,719 814,981,649 $1,070
Common—
Authorized, par value..| $373,852,341 || $372,306,962 | $1,545,379
Outstanding, value.| $269, 180,076 || $268,518,811 $661, 265
Dividends paid......... $14, 895, 857 814,804,787 $1,070
Preferred—
Authorized, par value..| $10,681,725 || $10,681,725 |............
Outstanding, par value.| $4,869,621 $4,860,621 |............
Bond Dividends paid......... $86, 862 $86,862 |............
onds:

Authorized, par value.......... $158,000,094 || $158,002,004 $7,000
Outstanding, par value........ $73,981, 361 $73,978, 361 $3, 000
Interest paild................... $3,511,948 $3,511,768 $180
Assessmentslevied... ... ... ... ....... $137,538 {|.............. $137,536

Of the 4,151 telephone systems included in the re-
port, 2,271, or 54.7 per cent, divided into the two
classes—commercial and mutual—were operated by
incorporated companies. The commercial group was
largely predominant, as 1,924, or 84.7 per cent, of the
incorporated companies operated commercial systems
and only 347, or 15.3 per cent, operated mutual sys-
tems.

As a number of companies operated in more than
one state, and the capitalization of such companies
covered their entire equipment, it was impossible to
segregate either the stock or bonds so as to present
the figures by states and territories; hence only the
totals for the United States are shown.

Of the total authorized capitalization, the par value
of capital stock constituted 70.9 per cent, and that
of bonds or funded debt, 29.1 per cent. At the end
of the year covered by the reports 64.1 per cent of
the authorized capital had been issued and was out-
standing. Of the total par value of capital stock out-
_ standing, common stock represented 98.2 per cent
and preferred stock, 1.8 per cent. Of the $14,982,719
reported as paid in dividends, $14,895,857, or 99.4
per cent, was paid on common stock. The par value

(12)

of all common stock outstanding amounted to $269,-
180,076, and the dividends indicated an average rate
of 5.5 per cent. There were, however, 1,627 compa-
nies with outstanding common stock of a par value
of $46,933,950 that paid no dividend, the dividends
being paid by companies with common stock having
a par value of $222,246,126; therefore the average
rate of dividends was 6.7 per cent. The dividends
paid on preferred stock amounted to $86,862, an aver-
age of 1.8 per cent on all such stock; but there were
17 companies with outstanding preferred stock of a
par value of $461,025 that paid no dividend. The
par value of the preferred stock of the companies
paying dividends on such stock was $4,408,596, or
an average rate of 2 per cent. The majority of the
companies charged interest on funded debt outstand-
ing as having been paid. The total amount of in-
terest was $3,511,948, an average rate of 4.7 per cent.

The $137,536 shown as received in assessments
was reported by the mutual companies as the amount
levied during the year in order to meet current ex-
penses and make necessary improvements and exten-
sions.

Capitalization of commercial systems.—The incor-
porated commercial telephone systems numbered
1,924, or 60.9 per cent of the total of 3,157 commer-
cial systems.

Of the total capital outstanding, $273,388,432, or
78.7 per cent, was in stock, and $73,978,361, or 21.3
per cent, was in bonds. The par value of the pre-
ferred stock was $4,869,621, or 1.8 per cent of the
par value of all the stock outstanding. The par value
of both stock and bonds outstanding was 64.2 per
cent of the total amount of capital—stock and bonds—
authorized.

The dividends paid on the common stock amounted
to $14,894,787, apparently an average return of 5.5
per cent. This amount, however, was reported by
only 636 systems, with a common stock of a par value
of $222,228,966, and if it be assumed that dividends
were paid by these companies on all the common
stock outstanding the average rate becomes 6.7 per
cent. It would appear that the capital obligations
of the companies were represented largely by the com-
mon stock, for the dividends paid on the preferred
stock were small, the amount being $86,862, or an
apparent average of 1.8 per cent on all such stock.
When the preferred stock not paying dividends is
eliminated, the par value of that in good standing
was only $4,408,596, making an average rate of 2 per
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cent. Therefore a considerable proportion of the
capital of commercial incorporated companies was
evidently invested in common stock that received
a large share of the net income.

Capitalization of mutual systems.—Of the 994 mu-
tual telephone systems, 347, or 34.9 per cent, were
selected for purposes of comparison and considered
as incorporated companies. As a matter of fact,
many of these were associations that had association
or scrip stock, but were not necessarily incorporated
under state . laws. Hence, strictly speaking, they
were not incorporated companies according to the
true definition of such companies as applied to com-
mercial systems, but the tendency of these systems
as they grow in magnitude and complexity is dis-
tinctly toward full commercial incorporation, and
they are of interest from a comparative standpoint.

The total value of the outstanding stocks and bonds
of the mutual systems was $664,265, or less than one-
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half of the amount authorized. Of the outstanding
capital, only $3,000 was funded debt and all the rest
was common stock, there being no preferred stock.

Capitalization of Bell and independent systems.—
While some of the independent telephone systems,
at the time of the compilation of this report, had been
consolidated into groups, each under its own central-
ized ownership and management, the Bell system
was the only one operating throughout the whole
country for which authentic figures of capitalization
could be presented. The figures of the American
Telephone and Telegraph Company are given in Table
15, which shows for each of the allied Bell systems the
total par value of the authorized and issued stocks
and bonds. In each case, unless otherwise noted, all
the stock is common, and the par value is $100.
There is a conspicuous absence from the telephone
field, as from the telegraph field, of preferred stock
as one of the classes of securities.

TaBLe 15.—CAPITALIZATION OF THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY AND ITS LICENSEE
COMPANIES: 1902.

1 Includes $10.000,000 in bonds of American Bell Telephone Company.
2 The par valu&)ger share of the stock of this company is $50.

1 Includes 816,000 in bonds issued by Ohio Valley Telephone Company.
4 The par value per share of the stock of this company is $25.

¢ Includes $2,725,000 of preferred stock.

¢ Includes $160,925 of preferred stock.
7 Includes $150,000 of preferred stock.
8 Includes $120,000 of preferred stock.
9 Includes $594,400 in bonds issued by Detroit Telephone Company.
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The total par value of the outstanding stock of the
- American- Telephone and Telegraph Company and its
licensee companies was $306,627,501, and the value of
the outstanding bonds was $65,673,272, making a total
capitalization of $372,300,773. But in order to show
- the actual investment, the following duplications must
be deducted:

$139, 029, 837

8tock owned by American Telephone and Telegraph Compeny in

icensee COMPANIES .. ....ioitniuiiiai ittt iieeiaieieencacnnannan 103, 381, 528
8tock owned bg licensee comgunlea in other licensee companies. .. .. 9, 319, 960
Bonds owned by American Telephone and Telegraph Company in

licensee companies. . ... ... ... iiiiiiiiiiiiiiiiiiiiiaiieaaaaann 2,141,000
8tocks and bonds owned by American Telephone and Telegraph

Company in other corporations, either foreign corporations or

corporations enﬁ.ged in manufacturing industries not a part of

the telephone industry of the United States...................... 24,187,349

When $139,029,837 is deducted from $372,300,773,
the remainder is $233,270,936, which may be accepted
as the capitalization or investment of the American
Telephone and Telegraph Company’s systems in the
telephone industry in this country. The total out-
standing capitalization of the independent systems,
including cash investments of unincorporated com-
panies, amounted to $120,921,421, all of which, so far
as is known, was invested in the telephone industry.
The total capitalization for the two classes of systems is
therefore $354,192,357, of which the American Tele-
phone and Telegraph Company’s systems contributed
65.9 per cent.

Table 16 shows the total capitalization of the Ameri-
can Telephone and Telegraph Company’s systems and
the independent systems.

TasLe 16.—Capitalization of incorporated companies—Bell and inde-
pendent systems: 1902.

Total. I Bell. Independent.
|
Number of incorporated companies.. 2,271 44 2,227
Capital stock and bonds authorized, 1
parvalue.........o.coviiiiiiiiinnn $542,633,160 | $305,806, 400 | $236, 736, 760
Capital stock and bonds outstanding,
Par value. ... .o.ooooeuiiiiiiiiai. $348,031,058  $233,270,936 | $114,760,122
Capital stock:
Total authorized, par value... $384, 534,006 '| $264,132,000 | $120, 402,068
Total outstanding, par value.. $274,049,697 198, 298, 969 $75,750,728
Dividends paid............... | 814,982,719 || 813,714,437 $1, 268, 282
Common— i
Authorized, par value. $373,852,341 || $261,257,000 | $112, 505, 341
Outstanding, par
value............... $260, 180,076 || $198,018, 044 $71, 162,032
Dividends paid....... $14,895,857 || 813,711,420 $1,184, 437
Preferred —
Authorized, par value.| $10,681,725 $2, 875, 000 $7,808, 725
Outstanding, par
value............... . 84,860,621 $280, 925 $4, 588, 696
Bond Dividends paid........ $80, 862 $3,017 $83,845
onds:
Authorized, par value........ $158, 099, 094 $41,764,400 | $116,334,604
Outstanding, par value ...... $73, 981, 361 $34,971,967 $39, 009, 394 -
Interest paid................. $3, 511,948 $1,745,334 $1,766,614
Assessments levied.............. ... $137,536 | .............. $137, 536

Assets and liabilities.—The increase in the capitaliza-
tion of telephone companies has been very rapid during
recent years, but the indications of overcapitalization
do not appear conspicuously and are hardly likely to do
so until part of the modern equipment bought during
the earlier independent boom has been retired from use
or has undergone reconstruction. It is beyond ques-
tion that part of such work was done with light, cheap

|
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material, since such material was used to a great ex-
tent in the initial Bell telephone construction twenty
years ago. While low rates were possible in the Bell
systems for a time, the renewal account and the in-
creasing burden of capitalization have had their due
effect.

In order to determine the real assets and liabilities
for the 4,151 commercial and mutual companies con-
sidered, the entire business of each company had to be
taken into account in making up the balance sheet.
Table 17 shows the aggregate of the balance sheets for
all the companies, together with similar statistics for
the commercial and the mutual systems separately.

TaBLE 17.—Balance sheet for all systems and for commercial and
mutual systems: 1902.

. !
Total. Commercial. ' Mutual.
Total assets...... fererenaaaeaas | $452,172,546 || $449,485,603 | $2,688, 853
Construction and equipment. . , 287,462 || 347,743,470 1,543,992
Telephones.................... 17,274,232 16,210, 515 1,063,717
Realestate........................o.... 22,716, 538 , 708, 634 7,904
Stocks and bonds of other companies. .. 9,938, 342 9,938,342 |............
Machinery, tools, and supglies ....... 9, 689, 691 , 657, 956 31,736
Bills and accounts receivable. ..... ... 30, 629, 677 30, 610,294 19, 383
Cash and deposits............... 12,291,840 12,271,718 20,122
Sundries....................... 344, 7 ,764 ...l
Total liabilities. .................. 452,172,546 || 449,485,603 | 2,686,853
Capital stock........cocovvnieniinnnn.n. 274,049, 697 273, 388, 432 661, 265
Bonds...........oiiiiiiiiiiiiiiiaa, 73,981, 361 73,978, 361 3,000
Cash investment, unincorporated com-
panies.............. .ol .. 6,161,299 4,571,318 1,589, 981
Reserves.................... 31,029, 628 31, 029, 465 163
Bills and accounts payable. 44,302, 999 44,223,572 79,427
Dividends unpaid.......... .. 188, 067 188,067 |............
Sundries.................... e 1, 124,265 834, 561 289, 704
Burplus. ...l ‘ 1, 335, 230 21,271,917 63,313
i

The value of the construction and equipment of the
telephone systems was $349,287,462, or 77.3 per cent of
the total assets. The value of the telephones in use
was $17,274,232, or 3.8 per cent. The value of the real
estate owned was $22,716,538, or 5 per cent. The
stocks and bonds of other corporations held were
inventoried at $9,938,342, or 2.2 per cent. The other
items, comprising machinery, tools and supplies, bills
and accounts receivable, cash on hand and on deposit,
and sundries, amounted to $52,955,972, or 11.7 per cent
of the total.

Of the liabilities, $274,049,697, or 60.7 per cent, rep-
resented the capital stock outstanding and $73,981,361,
or 16.4 per cent, the outstanding bonds. These two
items make a total of $348,031,058. This it may be
noted was almost equal to the amount for construction
and equipment. To obtain the total value of invest-
ments, $6,161,299, the amount of cash investment of
unincorporated companies should be added to the
outstanding capital. On the other hand, the reserves
amounted to $31,029,628 and the surplus to
$21,335,230, these two items making a total ‘of
$52,364,858, or 11.6 per cent. The unpaid dividends
were negligible, being only $188,067, or less than
one-tenth of 1 per cent. The liabilities under ‘‘sun-
dries’’ amounted to 1,124,265, or two-tenths of 1 per
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cent, and included such items as the value of tele-
phones and other apparatus owned by individual sub-
scribers, and additional cash investment for incorpo-
rated companies showing stock or bonds.

This balance sheet shows a large surplus, but in sev-
eral individual cases there were not enough assets to
offset the liabilities, and an aggregate deficit of $8,160,-
810 was reported by 171 systems. This amount was
deducted from the surplus shown by the remaining
3,980 systems, in order to present a true balance sheet
for the industry as a whole. The deficit appears to
have been occasioned largely by the practice, followed
by new companies, of giving away stock as an induce-
ment to the purchasers of their bonds; but it was
also due in some instances to rapid depreciation of
equipment.

Balance sheet for commercial systems.—The total as-
sets for the commercial systems were $449,485,693.
Of this, the value of the construction and equipment
was $347,743,470, or 77.4 per cent; the value of the
telephones owned, $16,210,515, or 3.6 per cent; the
value of real estate, $22,708,634, or 5.1 per cent; the
par value of stocks and bonds of other corporations,
$9,938,342, or 2.2 per cent; the value of machinery,
tools, and supplies, $9,657,956, or 2.1 per cent; bills and

accounts receivable, $30,610,294, or 6.8 per cent; cash
and deposits, $12,271,718, or 2.7 per cent ; and sundries,
$344,764, or one-tenth of 1 per cent.

Of the total liabilities, the par value of the outstand-
ing capital stock was $273,388,432, or 60.8 per cent;
the par value of the outstanding bonds, $73,978,361, or
16.5 per cent; reserves, $31,029,465, or 6.9 per cent;
bills and acounts payable, $44,223,572, or 9.8 per cent;
unpaid dividends, $188,067, or less than one-tenth of
1 per cent; surplus, $21,271,917, or 4.7 per cent; cash
investment, $4,571,318, or 1 per cent; and sundries,
$834,561, or two-tenths of 1 per cent.

Of the commercial systems, 143 reported a deficit
amounting to $8,147,938. According?y, in order to
reach the actual condition of the remaining systems,
the surplus shown in the foregoing balance sheet should
be increased by that amount.

Balance sheet for mutual systems.—The constructlon
and equipment of the mutual systems were valued at
$1,543,992, or 57.5 per cent of the total assets; and the
telephones used, at $1,063,717, or 39.6 per cent. The
other items were individually small. Of the liabilities,
$1,589,981, or 59.2 per cent, represented the cash in-
vestment of 647 unincorporated systems, and $661,265,
or 24.6 per cent, was the outstanding stock of the 347
incorporated companies.



CHAPTER IV.
REVENUE AND EXPENSES.

Revenue.—The total revenue of all telephone sys- ]
tems in 1902, as shown by Table 1, was $86,825,536,
while the total operating expenses and fixed charges, |
exclusive of interest on bonds, was $61,652,823. The
interest on' bonds amounted to $3,511,948, and the
net surplus for the year was $6,678,046.

Table 18 presents the revenue and expense totals
for the United States in the form of an income account.

TaBLE 18.—All systems—income account: 1902.

Gross receipts from operation...................... et 1881, 509, 769
Operating 8Xpenses. . ... ....cueuieennaeeenaeenaaeeanaeeeennaennnnnn 56,867, 062
Net earnings from operation............c....ooieieuiieeeninenno. e 24,732,707

me from other sources:
Dividends on stock of other com;

of lines, wires, and conduits. ...
Rent from real estate..............
Interest

5,225,767

Gross income, less operating exXpenses. . .................coeeeeeeeanns 29,958,474
me:

Deductions from inco

8,297,700
21, 660, 765

Net InCOme. .. ...ttt ittt it aiiaie e aaaraa
Deductions from net income:
Dividends on preferred stock................... e 86,
Dividends on common 2 S, 14, 805, 857
14,982,719
Net surplus for the year. ...........ccoooeiiieiiiimieeiainnnnnneneenn 6,678,046
1Includ ts for mutual systems.

As will be noted, the revenue of telephone compa-
nies is derived almost wholly from operation, the
gross receipts from that source being $81,599,769, or
94 per cent, this including, however, assessments for
mutual systems. When the whole revenue of
$86,825,536 is treated as the measure of earning capac-
ity, the yearly average income was $37.50 per tele-
phone and 1.7 cents per talk or message. The average
income per telephone is much more definite and accu-
rate than that for messages, since every company
knows the number of its telephones in use, while the
amount of traffic is entirely a matter of estimate,
except where the business is on the measured rate
footing. When a telephone is installed on a flat rate
basis, few subscribers refuse to let their friends use it;

whereas, if the instrument is installed on a measured
rate basis, its use is much less freely granted.

The total operating expenses amounted to $56,-
867,062, without the fixed charges and dividends;
therefore the average annual expense per telephone |
was $24.56. |

Operating expenses.—Table 19 is an analysis of the
operating expenses for all systems.
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TaBLE 19.—All systems—analysis of operating expenses: 1902.

General operation and maintenance, including legal expenses........
Balaries of general and other officers e e
Salaries of clerks, etc................. .-
WS, o iieiiieiiaiieiaieianaaaaaaaan
Maintenance and legal expenses

Rentals and royalties on instruments and apparatus. . .- , 837,

Rentals of offices and other real estate.............. .. 3

Rentals of conduits and underground privileges. . .. , 727
Telephone traffic paid or due other companies. . 442, 260
MiSCELIANEOUS. .\ vt et eeeeencae et te e e e eeeaaan 819,284

From Table 19 it appears that wages alone formed
nearly one-half of the total operating expenses, and
that salaries and wages combined amounted to not
less than $36,255,621, or 63.8 per cent of the total.
This seems a large percentage in view of the fact that
the work of young women and girls is so considerable
a factor in all telephonic intercommunication. The
next largest item—$13,332,343, or 23.4 per cent—is
that for maintenance and legal expenses, including all

-expenses for repairs, renewals, and outlays incident

to franchises, rights of way, etc.—a rather incongru-
ous grouping for what was essentially engineering
work, but it was not possible to differentiate the items
more fully. It should be added that the legal expenses
were largely made up of ‘‘ personal injury’’ cases, due
to claims for death or shock from contact with the
telephone circuits, and other damage suits of the same
character.

Outlay for new construction.—The companies were
requested to give separate answers as to new construc-
tion during the period of twelve months reported upon,
these answers being designed to include the cost of
lines, real estate, equipment, etc., added during the
year, whether by construction or by acquisition
through purchase. It was difficult to make and pre-
serve the distinction between renewals and entirely

- new constructive additions to the physical property.

It is quite probable that in some instances the reported
figures for new construction contain some statistics
for outlay on mere repairs and renewals, and in other
instances the totals reported for ‘‘maintenance and
legal expenses’ include some amounts expended for
new construction. The uncertainty as to the division

~ of expenses between these two items was especially apt

to occur in cases when wire was given out in bulk for
both repairs and extensions and when new poles were
set on old lines. On the whole, however, a fair ap-
proximation to the facts is presented in Table 20,
which gives the total reported cost of new construction,
by states and territories.
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TaBLe 20.—All systems—cost of additional construction, by states and

territories: 1902.

STATE OR TERRITORY. Total. STATE OR TERRITORY. Total
United States........ $51,903,021 || Missouri.................. $2, 501, 924
j===—=—=—-=| Montana.................. 170, 706
Alabama................... 571,801 || Nebraska.. 564, 456
Arizona... : 56,484 || Nevada.......... 16, 840
Arkansas. 172,636 || New Hampshire.. 54,742
California. 1,779,89 || New Jersey...... 2,153,816

Colorado. .... 951,360 || New Mexico...... 18,
Connectlcut. et 567,996 .|| New York................ , 566, 365
Deluware ......... 264,205 | North Carolina........... 373, 580
Florida.. 205, 761 North Dakota. 71, 441
Georgia 874,836 || Ohfo........ 2,929,774
Idaho.. 108, 657 0 klshomn 363,415
1llinois. ... . 4,472,060 || Oregon..... 249, 426
Indian Territory.. e 68,927 | Pennsylvania.. 6,114, 696

Indiana.................... 1,780,942 || South Carolina. .. 419,
JOW8B . ceiiiieii i 1,841,288 || South Dakota.. 143,891

Kansas.. 525,406 || Tennessee...... 856,
Kentucky 1,279,203 || Texas. 1,232,438
Louisiana. 450,660 | Utah..... 303, 945
Maine........ 116,266 || Vermont. 63,120
Marylandl...... ...| 1,204,100 || Virginia.... 780, 328
llassachusetts ............. 2,136,437 | W aahinFt ........... 774,230
Michigan................... 1,309,746 || West Virginia............ 298, 414
Mlnnesota ................. 1,639,824 || Wisconsin................ 832,618
‘Mississippi..........coon.nn 328,960 || All other states?......... 250,216

11Includes District of Columbia.
3Includes Rhode Island and Wyoming.

In spite of the large maintenance account noted, in-
creased, however, by an indeterminate amount of le-
gal expenses, the surprisingly large sum of $51,903,021
was reported as the cost of construction during the cen-
sus year 1902. If thisrate of growth should continue,
the investment values in the telephone industry will
have more than doubled by 1912. The outlays for
new construction were largest in the most populous
states, the amounts and proportions being as follows:
New York, $7,566,365, or 14.6 per cent; Pennsylvania,
$6,114,696, or 11.8 per cent; and Illinois, $4,472,060, or
8.6 per cent.

There is a probability that the cost of real estate
constituted a larger proportion of the outlay in 1902
than in earlier years. The practice is growing for
telephone companies to purchase real estate and erect
appropriate buildings thereon, thus creating an invest-
ment and lessening the amount paid out yearly for
rent, the practice formerly having been to hire one or
two top floors and adapt them to exchange purposes.
Thus Table 19 shows an annual payment of $2,498,814
for rent of offices and real estate, while Table 1 shows
$22,716,538 as the value of the real estate owned by
the 4,151 telephone systems. It is indisputable that
this real estate item is growing rapidly, and it is likely,
therefore, that rent will not increase seriously as an
item of operating expense. Some of the newer tele-
phone exchangesin large cities are handsome buildings,
with very desirable rooms as general offices on the floors
not occupied by the exchanges, switchboards, etc. In
Table 18 an item of $1,348,894 is reported as rent from
real estate.

Division of net earnings.—The difference between
the gross receipts from operation, $81,599,769, and the
operating expenses, $56,867,062, gives $24,732,707 as
the net earnings from telephone service proper. ¢These
earnings were increased by $5,225,767, the income

|
|
1
|
i
|
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from other sources. Of this total, $8,297,709 was used
to defray the fixed charges, which included taxes,
interest on funded and floating debt, and payments for
leased lines. These fixed charges amounted to 12.7
per cent of the aggregate expenses, less dlwdends as
shown in Table 44.

When the fixed charges were deducted from the
previous net income, a new net income of $21,660,765
remained, this being an average of $9.36 per telephone.
Of this total, $14,982,719 was expended in dividends
and $6,678,046 was reserved as net surplus. The divi-
dends paid amounted to 17.3 per cent and the surplus,
to 7.7 per cent of the gross revenue. As the capital
stock reported was valued at $274,049,697, it would
appear that the dividends represented a return of
nearly 5.5 per cent. When the company was pros-
perous, the return to the investor would frequently be
better than this, especially in the instances in which
the stock was not fully paid or had been issued in part
as a bonus with the bonds.

As a matter of fact there were 130 systems that
operated at a loss during the year covered by the
report, their deficit amounting to $473,419. The net
surplus, therefore, of the 4,021 profitable systems was
that much more than the total reported for the whole
country, or $7,151,465. The general reservation for
depreciation and reserve appears to be inadequate,
especially in view of the necessity for frequent and
entire reconstruction of lines and exchanges, on
account of the growth of the industry and the changes
in the methods of operation. Some light was thrown
upon this point by the report of the Merchants’ Asso-
ciation of New York concerning telephone rates in that
city. In that report, presented in June, 1905, the case
is cited of a company in Baltimore, Md., where the
entire original plant, after being in service but five
years, was disposed of as junk and $2,155,000 was
spent in its replacement. As to New York city it was
stated:

In the New York telephone system improvements and changes have
succeeded one another at close intervals during the entire period in
which the business of exchange telephone service has existed. During
the sixteen years which the committee’s investigation covers, the plant
had been practically rebuilt three times. At various times radical
improvements have been made in cables and in switchboard systems,
which have involved the abandonment of plant by no means unserv-
iceable because of its physical condition, and its replacement by plant of

an improved character. Some of the central stations have been rebuilt
three times within a little over ten years.

These changes are not peculiar to New York, and if
regarded as occurring all over the country, it would
seem that the percentages of dividend payments and
of reserve might well be reversed. The committee of
the Merchants’ Association gave its opinion as follows:

To pr&vide a fair return of ‘capital actually and necessarily invested,
and a proper allowance for contingencies, 10 per cent margin above

operating outlays is a reasonable and proper margin in the telephone
business.
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Returns for Bell systems.—The returns made for
the 43 licensee companies of the American Telephone
and Telegraph Company showed an expenditure of
$2,631,400, or 92.8 per cent of the $2,837,013 reported
in Table 19, as rentals and royalties paid for instru-
ments and apparatus. The telephones used by the
Bell licensee companies and their subscribers are the
property of the American Telephone and Telegraph
Company, which furnishes to such licensees its
standard instruments, renewing them without expense
to the operating company and replacing them with
improved instruments from time to time. The in-
come of the parent company from this source is
included in the gross receipts from operation. The
remaining items shown in Table 19 were common to
the operation of all telephone systems. The licensing
or hiring of telephonic apparatus on a rental basis is
peculiar to the Bell system, and is not practiced among
the independent companies, all of which are understood
to have bought their apparatus outright; so that,
unless there is an agreement to exchange old appa-
ratus for new, the acquisition of improved appliances
involves fresh outlay on the part of the local exchange
system.

The capitalization of the Bell system is reported in
Table 16, where the total stock issued is given as
$198,298,969, and the dividends paid as $13,714,437,
or 6.9 per cent. This table shows also that the stock
of the independent companies was outstanding to the
amount of $75,750,728, and on this stock the payment
of dividends was at the rate of 1.7 per cent. It should
be borne in mind that the Bell system as a whole has
been in existence over twenty years, while the inde-
pendent companies are still in a general way in the
initial period. Another reason for the discrepancy
in apparent earning power is the fact that the Bell
exchanges have had the advantage, having naturally
occupied at the outset the larger centers of population.

Revenue and expenses of large systems.—The concen-
tration of the telephone industry in the larger centers
of population is strikingly indicated by Table 21.

TaBLE 21.—Revenue and expenses of all systems and of systems baving
1,000 telephones and over: 1902.

| Per.
| Systems
‘ having 1,000 D¢
All systems. | © oo Bones osfyn:l.l
and over. T
1
Numberofsystems.....................c..... ! 4,151 104 4.7
Number of telephones........................ 2,315,207 1,679,199 72.5
Gross receipts from operation............... $81,509,760 | $71,374,134 ,  87.5
Income from other sources. ...| $5,225,767 $5,193,807 «  99.4
Operatingexpenses. ..............c..ccoeeun $56,867,062 | $50,806,748 89.3
Fixedcharges...............ccooiiiiinenennn. 29’ $7,562,050 | 91.1
Dividends paid $14,357,018 +  95.8
Netsurplus.... ... ... ... ........c........ $3,840,325 . 57.5

In 1902 only 194 systems had 1,000 or more tele-
phones; yet these few systems were serving somewhat
more than half the population of the country. They

TELEPHONES AND. TELEGRAPHS.

had 1,679,199 sets of instruments, the average being no
fewer than 8,656 telephones per system. Of course the
average per system would be lower if the 12 leading
cities were excluded, as the average for them was
31,450 telephones, while for the remaining 182 systems
it was 7,207 telephones.

Although these 194 systems constituted only 4.7 per
cent of all telephone systems, they operated 72.5 per
cent of the telephones shown for all systems. The
gross receipts from operation for these systems aggre-
gated $71,374,134, or 87.5 per cent of the total for the
United States. Their income from other sources was
$5,193,807, or 99.4 per cent of the amount of such rev-
enue. Their operating expenses were $50,806,748,
and their fixed charges, $7,562,950—89.3 per cent and
91.1 per cent of the respective totals. The dividends
paid by these systems amounted to $14,357,918, or
95.8 per cent of the dividends paid by all systems.
The surplus for the year reported by these large sys-
tems was $3,840,325, or 57.5 per cent of the net sur-
plus of all telephone systems. Eleven of these 194
systems operated at a loss during the year covered
by this report, the total deficit amounting to $217,527;
hence the actual surplus for the 183 earning companies
was $4,057,852. In the case of all but 2 of the 11
companies operating at a loss the deficit was due to the
high fixed charges; with the 2 it was caused by the
payment of a higher rate of dividend than the yearly
net income warranted. The fact that so small a pro-
portion of the companies controlled so great a percent-
age of the telephone business of the country shows th
strong tendency toward concentration. ’

Revenue and expenses, by states.—Table 44 gives the
details of revenue and expenses by states and terri-
tories. As will be seen, New York state was by far the
most productive as to revenue, having $16,352,193, or
18.8 per cent of the total, while the operating expenses
and fixed charges were large, amounting to $10,933,934,
or 16.7 per cent of the aggregate. Next in magnitude
was Pennsylvania, with a revenue of $8,083,896 and
expenses and fixed charges amounting to $6,315,052;
Illinois ranked third, with $7,308,885 and $5,537,793
as the corresponding totals. The totals for Ohio and
Massachusetts were similar, the former having a rev-
enue of $6,192,640 and operating expenses and fixed
charges of $4,815,675, and the latter having a revenue
of $6,127,452 and corresponding expenses amounting
to $4,810,043. California stood high in the list, with
a revenue of $4,091,076 and operating expenses and
fixed charges of $3,430,662. These six states accounted
for $48,156,142, or more than half of the revenue,
and $35,843,159, or more than half of the expenses.
Large amounts were reported also for the following
states: Missouri, $2,970,597 and $2,114,071; Indiana,
$2,816,509 and $2,164,064; Texas, $2,485,925 and
$1,804,324; and Michigan, $2,444,051 and $2,208,955,
the totals being respectively for revenue and expenses
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including operating expenses and fixed charges. Al-
though Iowa had the largest number of systems, 411,
- her totals are well down the list, being $1,962,362 for
revenue and $1,401,824 for operating expenses and
fixed charges—a sharp contrast with Massachusetts,
which reported only 10 systems as doing its vast
telephone business.

The conditions with regard to revenue and expenses
prevailing in the different states can also be ascer-
tained from Table 44. For instance, the total amount
of revenue derived from dividends on stock held as
investment was $268,044, of which $221,810, or 82.8
per cent, was reported for New York state. The
revenue derived from leasing lines, wires, and conduits
to other telephone systems and to outside parties
amounted to $1,197,476. Of this amount, the group
of adjoining states comprising Massachusetts, Con-
necticut, New York, New Jersey, Pennsylvania, Ohio,
Indiana, and Illinois reported $1,072,647,0r 89.6 per
cent, Pennsylvania alone contributing $284,332, or 23.7
per cent. Nineteen of the states and territories
reported no revenue from this source. Of the
$1,348,894 derived from real estate rentals, $545,159,
or 40.4 per cent, was reported for New York. All the
states and territories except New Mexico contributed
to the total for this item of revenue. Interest on
investments in othet companies amounted to
$1,359,953, of which $402,155, or 29.6 per cent, was
reported from New York state. For both interest and
‘““miscellaneous” Indian Territory alone shows no
revenue. :

Revenue and expenses of commercial systems.—Table
49 shows, by states and territories, a detailed revenue
and expense account for commercial systems. Table
22 summarizes the totals in the form of an income
account.

TaBLE 22.—Commercial systems—income account: 1902.

Gross receipts from operation.............. ...l $81,296, 444
Operating eXpenses. .......cocueeeneiieniiiiriiiiiieaieecnneeenennns 56,501,746
Net earnings from operation......coocveiiiiiiiiiiiiiiiiiiiiinnn, 24,704,698

1ncome from other sources:
Dividends on stock of other companies...............

y
Lease of lines, wires, and conduits.................... 1,197,476
Rent fromrealestate...........ccoceiiiennananannnnn. 1,348,
Interest. .. ... o.oiiiiiiiiiii s 1,350,953
Miscellaneous. . ..ottt 1,051, 400
5,225,767
Gross income less operating expenses..............cocevviiiieninnnnns 29,930, 465

Deductions from income:
TaXeS. ..o iicaeaae
Interest—
Floating debt
nded debt..............coiiiiiiiiiiiiiia,
Paid forleased lines.............oooiiiiiiiiiiniiian.. 9,752

8,291,024
Net income......... L 21,639, 441
Deductions from net income:
Dividends on preferred stock...............c.oa.. .l 86, 862
- Dividends on common stock. ...l 14,894,787

14,981,649

Net surplus forthe year.........c.ooiiiiiniiiniieinieeneneninnans 6,657,792

The total revenue derived by commercial telephone

systems from all sources was $86,522,211, or an aver-
age of $38.87 per telephone. Of this amount, $81,296,-

ation of the commercial telephone systems. The net.
income was $21,639,441, or an average of $9.72 per
telephone, which average was, therefore, somewhat
higher than the average of $9.36 for all systems.

The total operating expenses amounted to $56,591,-
746, or $25.42 per telephone. The fixed charges and
dividends deducted from gross receipts amounted to
$23,272,673, or $10.46 per telephone. Hence the
total net surplus, after deducting charges of all kinds,
was $6,657,792, an average per telephone of $2.99,
as compared with $2.88 for all systems.

Table 23 is an analysis of the operating expenses of
commercial systems.

TaBLE 23.—Commercial systems—analysis of operating expenses: 1902.

General operation and maintenance, including legal expenses. .......
Salaries of general and other officers
Salaries of clerks, ete...................

M tenance, and 1egal eXpenses. . ...............o....c-..
Hontals of offcae ana oihor raal eetate. . PParstus: - 1iin!
Rentals of conduits and under%'round privileges............... ..

Telephone traffic paid or due other companies................. .
MISCEllaneous. ... ... .cuneenreneere et eeieiaa e

Of the operating expenses of commercial companies,
salaries and wages together constituted $36,077,661,
or 63.8 per cent; maintenance and legal expenses,
$13,254,959, or 23.4 per cent; rentals and royalties on
instruments and apparatus, $2,832,361, or 5 per cent;
rentals of offices and other real estate, $2,492,676, or 4.4
per cent; miscellaneous items, $815,696, or 1.4 per
cent; rentals of conduits and underground privileges,
$681,727, or 1.2 per cent; and the amount paid or due
other companies for telephone traffic, $436,666, or
eight-tenths of 1 per cent. .

Revenue and expenses of mutual systems.—There
were, all told, 994 mutual telephone systems, and for
these Table 51 shows a detailed revenue and expense
account, by states and territories. In Table 24 the
totals are summarized in the form of an income
account.

TasLe 24.—Mutual systems—income account: 1908.

Gross receipts from operation
Operating eXpenses. .............uiuuieiiinuieinieenaruennnetececiennennn.

Deficit from operation
Assessments

Gross income less operating eXpenses.........cocevuiiiireiininiaennen
Deductions from income: .
TAXOB. . ..ot iteieaaeeneenaeneetactneannensassoceaananas
Interest—
Floatingdebt.........coooiiiiiiiiiiiiiiiiiiiiiieaenas
Fundeddebt........ ..o

Pald forleased limes...............c.oiooiiiiiiiiiiiiiiiiiiaaa.

DT 20 1LY T
Dividends on common stock

Net surplus for the Year.............oiiiiiiiiiiriiiiiiiiirieaiiiinaenens

The actual revenue derived by mutual systems from
operation was $165,789, and the operating expenses

‘ amounted to $275,316, causing an operating deficit of

444, or 94 per cent, was realized from the actual oper- | $109,527. The gross receipts from operation averaged
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$1.86 per mutual telephone, while the operating ex-
penses averaged $3.08; the operating deficit, there-
fore, was $1.22 per telephone. In addition to the
operating deficit, the fixed charges were $6,685, mak-
ing a total deficit of $116,212, which was covered by
assessment. The assessments amounted to $137,536,
or 45.3 per cent of the total revenue, and, after the de-
duction of the $1,070 paid in dividends by the 7 com-
panies declaring dividends, a net surplus of $20,254
was left.

In only 19 of the 30 states and territories reporting
three or more systems did the actual revenue exceed
the assessments, and in only 1 state, Maryland, was
there no assessment. The 3 mutual systems in North
Dakota were supported entirely by assessment.

The operating expenses of the mutual systems are
segregated in Table 25.

TaBLE 25.—Mutual systems—analysis of operating expenses: 1902.

General operation and maintenance, including legal expenses. .......... 255,344
Salaries of general and otherofficers..............ccoocoeiiiiaian...
%laries ofclerks,ete......cocooiminininiaiiiiiaeaannn.

ages
Maintenance and legal expenses. ......................
Rentals and royalties on instruments and apparatus. .
Rentals of offices and other realestate....................
Telephone traffic paid or due other companies. ...........
MISCEllANeOUS . ... veeii et

Of the operating expenses for mutual systems, sal-
aries and wages together amounted to $177,960, or
64.7 per cent; maintenance and legal expenses to
$77,384, or 28.1 per cent; rentals of offices and other
real estate to $6,138, or 2.2 per cent; the amount paid
or due other companies for telephone traffic to $5,594,
or 2 per cent; rentals and royalties on instruments
and apparatus to $4,652, or 1.7 per cent; and miscel-
laneous items to $3,588, or 1.3 per cent.



CHAPTER V.
TELEPHONE TRAFFIC.

Nature of traffic.—In telegraphic and telephonic
parlance the word ‘“traffic’’ is used to designate the
amount of business, or number of messages. Each
message that a subscriber sends is usually termed an
originating call. When a message passes over a
trunk line connecting two exchanges in a single system,
it is termed a trunk call. The functions of the oper-
ator are usually as follows: When the subscriber
turns the handle of the magneto generator in his
telephone set or lifts the receiver from the hook, a \
signal is displayed at the end of the subscriber’s line
in the switchboard in front of an operator, usually
termed an ‘“A” operator. The operator on observing
this signal picks up a brass plug attached to a flexible
cord and inserts the plug into a spring jack, which
forms the end of the subscriber’s line in the face of
the switchboard. The jack and plug are so con- |
structed that when the plug is inserted the conductors |
of the subscriber’s line make contact with correspond-
ing conductors in the attached cord. The operator
by pressing a key connects a receiver strapped upon
her ear and a transmitter suspended in front of her
to the cord, and then communicates with the sub-
scriber by pronouncing the familiar phrase, “Num-
ber, please,” or an equivalent request. In response the
subscriber designates the desired correspondent by
giving first the name of the office or exchange in which
the subscriber’s line is located, and then the number.
The simplest case occurs when the wire of the sub-
scriber called for runs into the same exchange as the
wire of the one calling. Then the operator picks up
a second plug connected to the one already inserted
in the calling subscriber’s jack, and makes a test to
ascertain whether or not the line called for is engaged
for other conversation, by touching the tip of the
plug to the spring jack of the desired line. In case
the line is engaged, this action causes the operator’s
receiver to emit a sharp click, while if the line is free
no such sound is produced. In case the line is busy,
the operator so informs the subscriber; if it is found
disengaged, she inserts the plug into the spring jack,
thus joining the two interlocutors, and rings the
second subscriber by pressing a key which makes con-
nection with a small dynamo machine that furnishes
ringing current over the line of the subscriber to be
called. If the desired subscriber is not located in the
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same central office or exchange, the operator must
transfer the call to another office. This is done by pro-
viding between the offices pairs of wires, usually called
order wires. The A operator presses a key which
connects her telephone to an order wire leading to the
receiver at the ear of an incoming trunk operator (B
operator) in the office desired, and pronounces the
number of the subscriber to be called. In reply, the
B operator in the other office pronounces a number
back to the A operator over the order wire; this num-
ber is the designation of the trunk line that the A
operator is to use. The A operator inserts the plug in
a jack connected to this trunk line. This completes
the work of the A operator. The B operator, upon
the reception of the order given by the A operator,
selects a plug connected by a cord to the trunk line
that has been designated, and tests the jack of the
subscriber to be called. If it is disengaged, she inserts
the plug into the jack and rings. Connected with
the cords used to join subscribers for conversation
are clearing-out signals, whose object is to notify the
operators as soon as the subscribers have finished with
the line. When the operators notice the display of the
disconnect signals, they remove the plugs from the
spring jacks, leaving the lines free again.

Definition of message.—Messages are defined as being
local, long distance, or toll. A local message is usually
one that is conveyed within the city in which the call-
ing subscribers are located. A toll message is a mes-
sage traveling between two public exchanges that
belong to the same system, but are, as a rule, located
in different towns. A long distance message is one that
passes between the exchanges of two different systems.
These definitions fail to recognize the fact that dif-
ferent telephone systems handle these classes of con-
nections in various ways, but the classification of the
individual system making the report has been accepted.

Traffic statistics.—In considering traffic statistics it
must be remembered that the quantity of traffic is
very largely estimated and in the nature of things can
not be exact. It has become a custom with most of
the telephone companies to make an actual count of
the messages handled by each of the offices during a
period of twenty-four hours once each month. The
probable yearly business is computed from the statis-
tics thus obtained by multiplying the average of the

(21)
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various monthly counts by the number of days in the
year after a proper allowance has been made for holi-
days. As some companies do not make such traffic
investigations, or fail to report them, it seems probable
that the number of messages indicated in the pre-
ceding tables is slightly underestimated.

For continental United States in 1902, Table 5 shows
a total of 5,070,554,553 messages or talks, which
makes an average of 2,190 messages per telephone.
These statistics do not include any of the traffic over
the 4,985 independent farmer or rural lines, since no
records of traffic were kept for these circuits and con-
sequently a mere guess would be the only means of
estimating the business they transact.

This table shows that the local messages formed
97.6 per cent, and the long distance and toll messages
2.4 per cent, of the total messages; that the commer-
cial messages and the mutual messages were 98 per
cent and 2 per cent, respectively, of the total mes-
sages; and that the commercial and mutual long dis-
tance ‘and toll messages were 99.4 per cent and six-
tenths of 1 per cent, respectively, of the total toll and
long distance messages. In other words, the mutua]
business amounted to about 2 per cent of the total
telephone business of the country, and apparently was
of correspondingly small importance. It should be
remembered, however, that the mutual telephone
lines serve communities in which the business is insuf-
ficient to cause the investment of capital in large
exchanges, and which, if it were not for this means of
communication, would be more or less isolated. It is
common for the mutual lines to secure some connection
with the larger commercial systems, thus keeping the
communities in which they are located in a much
closer touch with the rest of the country than would
otherwise be possible; hence they produce a certain
psychological effect of far greater value than can be
represented by the mere dollars and cents paid for the
traffic that they handle.

The 9 systems in Alaska, the Philippines, and Hawaii
reported 3,887,925 messages.

Distribution of telephone stations.—The kind of tele-
phone facilities offered has a bearing on the traffic,
because ‘‘facilities breed traffic.” Thus the ‘‘party
line,”” used in common by several subscribers, by plac-
ing a telephone service at a moderate price within the
reach of the small user, has secured a large traffic that
would otherwise be lost. Similarly the handiness of
public pay stations presents a temptation to use the
telephone that is certainly hard to resist. Table 26,
which shows by geographic divisions the distribution

of public stations and single and party lines, indicates
that the great traffic of some divisions is the result ot
the inducements offered.

TaBLE 26.—AU systems—average population per telephone station, by
geographic divisions: 1902.

l‘ AVERAGE POPULATION PER—
Estimated 8 tl° dt;- Part
8 an arty
DIVISION. population. || pupye | Drivate | line sta-
station branch ex-| tion
*| change or tele-
station or | phone.
telephone.

United States.............. 78,576, 436 972 50 0
North Atlantic................... 21,778,196 448 83 65
South Atlantic 10,770, 414 1,451 110 285
North Central. ..| 27,087,206 1,111 37 82
South Central.................... 14,651,535 2,044 88 285
Western.........occoevveeennnnnn. 4,289,085 1,191 57 3

There was a public or pay station for every 972
persons in the United States, while for every 59 per-
sons there was a private telephone, either on a single
circuit or in a private branch exchange, and for every
89 persons there was a telephone on a party line. In
the North Atlantic division the number of pay stations
in proportion to the population was nearly twice as
great as the corresponding number for the whole
United States, and considerably more than twice as
great as that for any other division. The greatest.
development is shown for the party line stations in
the Western division, where there was one such station
for every 33 inhabitants. The North Atlantic divi-
sion ranked second with one party line station for 65
inhabitants, while in the South Atlantic and South
Central divisions there was only one party line sta-
tion for every 285 inhabitants.

Traffic, by geographic divisions.—The North Central
division reported the greatest population, or 34.5 per
cent of the whole; the largest number of telephones, or
47.1 per cent of the total number; and the most mes-
sages, or 48.3 per cent of the entire traffic of conti-
nental United States. In this division the proportion
of 25 people per telephone was next to the lowest, the
Western division showing only 21; the messages per
capita were the greatest, being 90; and the messages
per telephone were third in rank, numbering 2,242,
while the South Central division reported 3,015 and
the South Atlantic 2,467. The Western division
showed actually and relatively less population and
less traffic than any other.

The relation between the traffic of the commercial
and mutual systems by geographic divisions is shown
in Table 27.
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TaBLE 27.—Messuges—commercial and mutual systems, by geographic

divisions: 1902.
NUMBER OF-MESSAGES.
DIVISION. ”
Total. Commercial. | Mutual

_ _— e —

United States................. 5,070,554,553 || 4,971,413,070 | 99,141,483
North Atlantic..................... 1,208,179, 198 ! 1,203,979,018 4,200, 180
8outh Atlantic... .- 353,559,870 |i 349,373,521 4,186,349
North Central. 2,446, 257,875 ] 2,361,506,911 | 84,750,964
South Central................ 681,407,626 | 677,517,604 3,979,932
Weste 1,059,984 l 379,035, 2,024,058

While the North Central division returned the great-
est number of both commercial and mutual messages,
giving 2,361,506,911 for the one and 84,750,964 for the
other, it is noticeable that the commercial messages
were about twice as many as were reported for the
North Atlantic division, which ranked second, while the

mutual messages were twenty times as many as were

reported for any other division. In fact, the North

Central division returned about six times as many

mutual messages as all other divisions put together.
The greatest average number, 3,031, of commercial
messages per telephone was reported for the South

Central division; the least, 1,840, is shown for the

Western.
South Atlantic, 2,508, and the North Central, 2,329.

The North Atlantic averaged 1,872, the = tance messages—92—were reported for the North

The mutual systems reported 99,141,483 messages, -

but it is probable that the returns for these systems
are much less reliable than those for the commercial
ones, since few counts of messages are made by the
mutual systems and it is difficult for them to make
accurate estimates when little or no revenue is derived
from the use of the line. The average number of mes-
sages per telephone was 1,110 for the year, or over
three per day for a year of 325 working days. On the
same basis the average number of talks per telephone
per day for all systems in the United States was nearly
seven, or about twice as great as the average for the
mutual systems. But since most of the mutual sys-
tems are open for only a few hours on Sundays and
holidays, and only an hour or two each night, while
most of the commercial systems are open all the time,
it is unfair to compute daily averages for the two
classes of systems on the same basis. A year of 300
working days may be taken as a more just one for
mutual systems, and using this, the average number
of messages per telephone per day was nearly four.
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The diffusion of telephonic facilities is one measure
of the popularity of the service. This is indicated by
population per telephone and also by messages per
capita. Yet neither of these reflects the importance
of the traffic, for one message from New York to Chi-
cago may be of more value, cost more, and involve
greater consequences than a thousand sent within the
limits of a small town.

Table 28 shows the distribution, by geographic divi-
sions, of local and of long distance and toll business.

TaBLE 28.—All systems—average number of local and of long distance
and toll messages per telephone, by geographic divisions: 1902.

| NUMBER OF MESSAGES PER
Sta ?3“‘ | TELEPHONE.
or e~

DIVISION. phones of | Long
allkinds. | mpoe0) || Local. |distance
| and toll.
United States.................. 2,315,297 2,190 2,138 52
1,85 | 1,773 92
2,467 2,430 37
2242 || 2206 34
ceee 225 3,015 2,909 46
Westerm....coeieieinancneacanaacann 207,146 1,840 1,810 30

The least number of local messages per telephone—
1,773—and the greatest number of toll and long dis-

Atlantic division. The number of toll and long dis-
tance calls for this division was double that for any
other division and almost double the number for the
whole United States. This is due partly to the con-
centration of business on the North Atlantic seaboard.

Traffic, by states and territories.—A more detailed an-
alysis by states and territories of the total messages
and the proportion of local and of toll and long dis-
tance business will be found in Table 43. From this
table it is seen that in the total number of messages,
Ohio led with 558,707,801; Illinois was next, with
541,161,932; while Nevada was last, with 1,409,134.
In long distance and toll traffic Pennsylvania was
first, with 20,409,621 messages; New York a close
second, with 20,367,024; while Nevada was last, with
46,052. The greatest number of local messages,
547,238,743, was reported for Ohio, and the next
largest, 535,744,349, for Illinois.

Traffic of commercial and mutual systems.—Tables 29
and 30 show, by states and territories, the amount of
traffic for commercial systems and mutual systems
separately.
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TasLe 29.—COMMERCIAL SYSTEMS—ANALYSIS OF PHYSICAL EQUIPMENT AND MESSAGES, BY STATES AND
TERRITORIES: 1902.

1Containsdata for system credited to and operating in an adjoining state.
2Includes District of Columbia.
? Includes systems distributed as follows: Rhode Island, 2; Wyoming, 1.
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TasLe 30.—MUTUAL SYSTEMS—ANALYSIS OF PHYSICAL EQUIPMENT AND MESSAGES, BY STATES AND
TERRITORIES: 1902.

| ' ' ‘
MILES OF WIRE. \ PARTY LINES. \‘ :m:ggt | NUMBER OF MESSAGES OR TALKf.
| | ‘ |
' Long distance and
Number | Number of l ! ! toll. Local.
STATE OR TERRITORY. gel Stlltigns or Sta- Sta-
systems. | telephones. Total Per Per | \imber. Stations. tions || Num- , tions Per
otal. | gystem. | station. .‘ umber. Sta - r ber. . station Per
| ‘ line. board Total. per year Total. amtll'on
(325
‘ days). y-
[ ‘ . I
United States ... 904 89,316 | 70,915 7 ) 28| 77,581 | 8.4  oa — 708,313 7.9 . 98,433,170 3.4
4 109 101 25 9 || 18 09| 6.1 2 5 1,185 10.9 | 108,000 3.1
3 Bl R B 38 S %D wal P Tae Bl Tode| o
6 110 177 29 1.61 ‘ 13 109‘ 84| 2 s 3,080 %0 100, 31
138 16,831 | 13,308 % .79 1,53 | 14,078 9.2 xssl 103 61,862 36.8 | 24,885,109 5
105 9,600 9,220 88 .95 1,613 8,38 5.3 m2 oo 76,570 | 7.9 | 9,283 463 2.9
T e e Bl e Vel Tam. Wil % B 8 o™ | 24
35 1,071 [ 1,308 3 1.22 16 | 1,006 1 8.7 7 } 153 10,811 10.1 ‘ 260,934 [ 3.6
3 106 77 19 73 1 104 95 (... e s ' '116,000 3.4
4 52 81 20 1.56 18 43, 2.4 5 I 10 ! 13 57,500 3.4
33 3,370 | 2,335 7 .69 303 300 99 «“ 7 38,015 11.3 | 3,141,257 2.9
A gl Uml o8l g @) i@ g R ow) Em Qg am) o
%0 10,962 | 8,564 95 18 1,173 | 9,209 ! 7.9 120 91 81,046 7.4 | 12,383,640 3.5
32 1,644 | 1,65 52 1.01 201 1,502 l 7.5 23 7 4,165 14.7 | 2,052,758 3.8
A R B vee| Cm| TRs ‘ea| '8l Ml Uds| a1 “henm| is
. . B . W17 .
North Dakota. . 3 71 40 13 156 3 | 3.7 2 36 1,000 141 90, 3¢
Ohio..n.nnnn.n. 49 6,036 3,516 72 .58 703| 583| 83 7 85| 47,701 7.9 | 6,315,949 3.2
Oregon................ 5 556 435 87 .78 70 01| 7.2 6 o |- 125 2| 933,445 5.2
Pennsylivania. . ... 2 1,483 1,199 60 81 23| 1,082 6.5 28 53 26,774 181 | 1,307,609 2.9
South Carolina.... . . 6 184 55 1.81 14| 3.9 4 rd 1,000 5.4 60, 2.7
South Dakota......... 7 259 225 2 87 18 188 | 10.4 3 86 3, 131 241,602 2.9
Tennessee. ............. 13 1,053 1,683 129 1.60 ‘13 651 5.8 11 % 2,150 2.0 | 2,276,850 6.7
T (T T 1 T T I T [
ermont......... o . B . R .
Virginia. .. 00000 2 2,341 2,218 101 .95 197 | 218 109 2, 106 26,702 1.4 | 2,257,198 3.0
West Virginia. . 2 883 1,062 50 1.20 94 755 | 8.0 2 l ) 9,143 10.4 | 896,231 3.1
x{sc(allsin. - 3,963 3,263 76 82 88| 3,763| 9.7 ) % 61,960 15.6 | 3,498,787 2.7
other 8 8
territories!. ......... 12 318 531 4“4 1.57 29 20| 7.8 5 68 2,560 7.6 208,175 3.6

1Includes systems distributed as follows: Arizona, 1; Connecticut, 1; Florida, 2; 1daho, 1; Louisiana, 1; Montana, 2; Nevada, 2;

The largest number of commercial local messages,
540,922,794, was reported for Ohio, and the greatest
number of commercial long distance and toll messages,
20,382,847, for Pennsylvania. The greatest number
of local mutual messages, amounting to 24,885,109, is
shown to have been reported for Illinois, and the
greatest number of mutual long distance and toll
messages, aggregating 156,008, for Iowa.

For the commercial systems the greatest number of
toll and long distance messages per station per year
was returned for Pennsylvania, the number being
110.1, while the least number, amounting to 14.6, was

Oklahoma, 1; Wyoming, 1.

shown for New Mexico. The highest number of local
messages per telephone per day for commercial sys-
tems, amounting to 12.3, was in Mississippi, while the
least number, 3.2, was found in New Jersey. For
mutual systems the greatest number, 53.9,~of toll and
long distance messages per station per year was in
California, and the least number, two-tenths of a mes-
sage, in Oregon. The state for which the greatest
number of mutual local messages was returned per
station per day was Tennessee, the number being 6.7,
while the least number, 2.3, is shown both for Colorado

and Minnesota.
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Relation between telephones, messages, and popula-
tion.—Table 31 shows the estimated population, the
number of telephones and messages, the number of
messages per telephone and per capita, and the popu-
lation per telephone in continental United States, by
states and territories.

TaBLe 31.—Al systems—telephones, messages, and population, by
states and territories: 1902.

Aver- | Average

Nllxmtl;er Number Aav er- | " age m'unber

of sta- num- | of mes-

STATE OR TERRI- | tions or OIoTet.:&glks“ Estimated [P©, glll" ber of |sages or
TORY. tele- uring  |POP lation per mes- (talks per

P nae |  vesr. tole- | S58% | 1o

. hone. | . Pef | phone
P capita. |per year.
United States.[2,315,207 [5,070,554,553 | 78, 576, 436 34 6| 2,19
Alabama........... 14,077 | 46,158,943 | 1,891,755 | 134 24| 3,21
v b imE| BE R F iE
SAS. .. y 40
California. 106,574 | 178,284, 400 | 1,537,837 14| 16| 16713
Colorado..... ,533 | 60,258, , 715 108 , 456
35,933,102 | 941,184 42 38| 1,507
8,062,892 | 187,461 44 ] " 088
18,906, 002 104 67 34| 2,301
96,192,066 | 2,208,713 90 2| 37
6,451,762 | 176,416 4 37| Len
541,161,932 | 5,019,628 2, 108| 2,562
8,337,950 | 434,436 81 19| 1,564
204,657,565 | 2,581,575 19 114 2224
193,054,738 | 2,301, 427 19 1,600
1690, 143 | 1,452,217 35 0| 1,43
Kentucky .. 46,266 | 143,101,564 | 2,202,804 4 65| 3,00
e AL CHRCE

alne.... B y . y

Marylandi. .. .0 32,000 | 62,019,081 | 1,505,558 ? i ii&
Massachusetts..... 96,512 | 183,115, 2,017, 796 30 63| 1,807
Michigan 237,605,112 | 2,480,764 2% 9| 2,5%
Minnesota_ : 113,124,262 | 1,822,108 2 62| 1,83
Mississippi. : 60,414,061 | 1,603,604 | 108 38| 4000
Missourl. . . 242,300,227 | 3,187,031 34 76| 2,595
Montana 11,352,976 | 266,120 ® 8| 2,004
Neveda Vies| Tamis| ar| B Bl
evada............ , 34 1,210
Now i) QA0 ML mEn 8 & L
ow Jersey........ 5 . , 968, 821 40 29 1,147
New Mexico. .. ... 2,481 | 4,207,020 | 202,316 81 2| 1,732
New York......... 248,015 | 360,008,123 | 7,533,011 31 48| 1,464
North Carolina....| 16,252 | 36,485,398 | 1,948, 120 19| 2,245
North Dakota... .. 6,762 | 14,106,733 | 344,778 51 41| 2,08
0. . nonnn 19 131 2508
Oklahoma. 329 3 4 2,246
Oregon 35,777,238 | 429, 20 3| 1,600
Pennsylvania., ...| 186,572 ( 493,617,718 | 8,505,887 35 76 2,646
South Carolina”.. .| 10,467 | 23,883,014 | 1,378,150 | 132 17| 228
South Dakota. . ... 10,305 | 17,919, 604 29, 808 7] 2| 1739
Tennessee........... 36,060 | 128,274,719 | 2,070,354 57 62| 3,557
Ohan B | s | Mmoe| wm| B has
Vermont...........| 12,112 | 19,075,847 | 345,885 2 55| 1,575
Virginta....2000 24,130 | 65,494,626 | 1,899,440 b 4| 274
Washington. ... 31,447 | 64,623,982 | 558,055 18] 16! 2,085
West Virginia. .. 22,376 | 41,605,891 | 998,004 n 2] 1,89
nsin......... 61,145 | 101,504,728 | 2,127,974 35 48, 1,662
All other statea?...| 12,480 | 23,033,120 | 544,465 u“ 2] 1,84

1 Includes District of Columbia.
?Includes Rhode Island and W yoming.

Table 31 shows that on the average in the United
States there were 34 persons to each telephone, that
each person talked 65 times a year, and that each
telephone was used 2,190 times; but the statistics for

the different states indicate wide variations from these

averages for the whole country.

Generally speaking, a liberal provision of telephonic
facilities means a large number of calls or messages
per capita and a low number per instrument. More-
over, it is generally true that the population per tele-
phone is smallest, and consequently the telephone
facilities are greatest, where the independent move-
ment has had the widest development, and where the
service is measured, while the number of calls per
instrument is highest where the flat rates prevail.

The distribution of telephones, the use of each
instrument, and the number of messages per capita do
not depend solely upon density of population. Other
factors, such as the kind of population, the prevailing
nature of the industries, and the assiduity with
which the telephonic habit has been cultivated by
the managers of the companies supplying service,
constitute potent agencies in varying the number of
instruments installed and the use to which each is put.
The most powerful influence is the tariff charged for
telephone service. The effect of this influence is
clearly reflected in the table. California was one of
the earliest states to be served upon a measured service
basis, and as this method of charging was vigorously
pushed, the result was that this state had the largest
number of telephones in proportion to its population,
there being one telephone for every 14 inhabitants.
Moreover, as a result of the low rates, the number of
messages per capita was high in California, Ohio
alone outranking it in this respect. Ohio exceeded
California‘in population per telephone, with 19 inhab-
itants per instrument. It is not difficult to understand
this condition when it is remembered that Ohio has
been prominent in developing independent telephone
service, and stands also among the first in the number
of manufacturers of telephonic apparatus.

Telephones in urban centers.—During the past ten
years there has been a very rapid and wide extension
of telephone service in the rural districts, but, other
things being equal, the industry has shown the greatest
growth in the states having the largest population,
and has reached its maximum development in the
leading cities. In 1900 there were in continental
United States 1,157 incorporated urban centers with
4,000 or more inhabitants. Of these, 1,002 were pro-
vided in 1902 with telephone systems of some descrip-
tion. In 137 of these towns the service was controlled
by companies operating independently of the Amer-
ican Telephone and Telegraph Company, while in 414
the system was in the hands of that company, and in
451 telephone service was offered both by the Amer-
ican Telephone and Telegraph system and by an
independent one.

Table 32 shows the statistics of population per
telephone for the 14 principal cities.
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TaBLE 32.—Estimated population, number of telephones, and average |
population per telephone for the largest fourteen cities: 1902. [

8 Average

Estimated | Numberof) oo g

ary. population. :e‘n!“gg’ o5 |, tion per
Phones. 1olaphone.
New YOrK. . ooouiiioiiiiiiiiiiieeenaanas 3,623,160 83, 301 39
Chicago...... 1,815,445 60,948 30
Philadelphia. . 1,343,043 46,393 29
St. Louis..... 599, 932 19,228 31
Boston....... 583,376 30, 202 19
Baltimore.......coeiiiiiiiiiiiiiiinniaan.n 523,861 15,181 35
Cleveland.......c.covevumeninininnannnnnnes 403,032 24,809 16
Buffalo....... 371,731 12,385 30
San Francisco.........cooeeeieeniniaai s 351,540 38,031 9
Cincinnati........o.oooiiiiiiiii i 329, 590 13,627 24
Milwaukee. .. 304, 10, 765 28
Detroft.....cooneimiiiiiiii 301,670 12, 536 24
New Orleans. . ...ccovivniieniiiiinnanannnn 296, 118 7,158 41
‘Washington 283, 551 8,051 35

Table 32 indicates that San Francisco, with 1 tele-
phone to 9 persons, was the best telephoned city in
the United States. Next to San Francisco was Cleve-
land, with 1 telephone for every ‘16 persons. These
abundant facilities are accounted for by the fact
that there are in Cleveland 2 large exchanges—one
operated by the Cleveland Telephone Company (Bell)
and the other, an independent exchange, by the
Cuyahoga Telephone Company. The third city,
according to population per telephone, was Boston,
with 1 telephone to every 19 inhabitants. It is note-
worthy that the large cities—such as Philadelphia,
Chicago, and New York—are very near the foot of
this list, having, respectively, 1 telephone to 29, 30,
and 39 inhabitants. This is due to the combined
operation of three causes: The proportion of the
immigrant population of a class that does not use
telephone facilities is much greater in the very large
cities than in the smaller ones; telephone rates are
considerably higher in these large cities than in the
smaller ones, and there has been no competition in the
two principal cities. The lowest average per capita
among these cities was shown for New Orleans, where
there was 1 telephone to every 41 inhabitants.

The conditions that environ the telephone system
of a large city are entirely different from those existing
in a small town or in rural districts, and consequently
the traffic in such places is totally dissimilar in volume,
rate, and time of activity. Accepting a population
of 4,000 inhabitants as the line of demarcation between
the large-and the small places, or the urban and the
rural population, Table 33 is a summary of the sta-
tistics for the commercial telephone systems having
their exchanges or centrals in urban and rural districts.

TasLe 33.—Summary—urban and rural commercial systems: 1902.

Total. Urban. Rural.
Number of systems................. 3,157 ‘1 2,627
Milesof wire_.............cooiiinaa. 4,779,571 4,361,013 418,558
Number of stations or telephones of
allkinds... ...l 2,225,981 1,823,956 402,025
Number of public exchanges........ 9,419 5,480 3,939
Number of messages or talks dur-
ing year 4,971, 413,070 4,351,724,325 | 619,688,745
Salaried officials, clerks, ete.
13,958 || 12,393 1, 565
Salaries $9,871, 506 $9, 263, 356 $608, 240
Wage-earners: !
Averagenumber................ 63, 630 56, 262 7,368
Wages. .cooeeeeeecniaeiaaaa. $26, 208, $24,343,526 | $1,862,539
Total revenue $86, 522,211 ,963,998 | 86,558,213
Total expenses $79, 864,419 $75,372,210 | 84, 492,209
Netsurplus.........ccccoenenonon... $6,657, 792 4,501,788 | $2,066,004
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Table 33 shows that the number of systems having
their principal central, or exchange, in municipalities of

" less than 4,000 inhabitants was about 5 times the

number having their exchanges, or centrals, in munici-
palities of greater population; and that the systems
whose headquarters were in the larger places averaged
more than 22 times the number of telephones per
system and handled over 34 times the traffic of the
smaller places.

Rates.—The first use made of the telephone was on
private lines connecting two individual stations, the
lines not going through an exchange. For this pur-
pose the original patentees furnished the instruments
and charged a rental for their use. As soon, however,
as the telephone exchange was developed the element of
labor in connecting different subscribers’ lines at the
exchange became a factor in the business. The ex-
change proprietor, either an individual or a corporation,
was then obliged to build and keep in repair the lines,
the switchboards, and the subscribers’ instruments,
and to provide facilities for an increase of business; so
that although the old term of ‘rental’’ remained in use
after the establishment of the exchange, the charge
made to telephone subscribers became a charge for
telephone service and not a charge for rental of instru-
ments.

As the exchanges grew the number of subscribers in-
creased, and with the increase in the number of per-
sons who could be reached by a telephone the value of
the telephone service to each subscriber became
greater, and the result was a greater use of the tele-
phone, the increase in the use being at a rate greater
than the mere increase in numbers would indicate.
The greater demand on the service naturally increased
the cost of supplying telephone service. With the
increased number of subscribers the area within which
the subscribers were located became larger, and longer
lines were necessary. There were corresponding in-
creases in the investment for each station, in the
amount of work required in making the connections
between subscribers’ lines, and in the expenses of re-

airs.

P It was soon discovered that the rates fixed by the
first exchanges, which were sufficient when based upon
a small number of individual telephones connected to
an exchange, were too low to meet the expenses of the
operation of the larger exchange and give a fair return
upon the capital. The problem of rates then became
one of arranging the charges for service so that all could
use the telephone.

The first differentiation in rates was between busi-
ness places and residences, it being plainly evident that
the latter used the telephone to & much smaller extent
than the former. This division between business and
residence rates continues throughout the entire coun-
try, and with but few exceptions is found in every tele-
phone exchange.

The division into these two classes was not, however,
sufficient to cover the necessary gradations in charges
if all the people were to be connected by means of the



28 TELEPHONES AND TELEGRAPHS.

telephone system, and party line devices, enabling the
placing of more than one telephone upon each circuit,
were put in operation. Under the system of party line
rates the rate is graded by the number of subscribers
placed upon one circuit, and here again the distinction
between business and residence is retained, each group
having its own party line rates.

The system of allowing the subscriber to use the tele-
phone as freely as he chose upon the payment of a fixed
sum monthly or quarterly, was in its turn supplemented
by the so-called measured rate, under which the sub-
scriber pays for the actual use made of the service.
Under this system a minimum charge is made, and for
this payment a fixed number of messages are furnished,
messages in excess of those contracted for being paid
for at a specified rate per message.

This system naturally reaches its highest develop-
ment in the larger cities and allows the gradation of
rates to be carried on to such an extent that everyone
can find a rate suited to his own needs. A modifica-
tion of this measured service rate is in use in Great
Britain, where the post office telephones are charged
for on a combination rate, a fixed charge sufficient to
meet the interest and the depreciation of the plant be-
ing collected annually, and each message being charged
for at a rate that is supposed to be sufficient to cover
all expenses of operation.

The measured rate system is undoubtedly the logical
one, as the subscriber pays exactly in proportion to his
use of the telephone, and instead of the large user secur-
ing service at a rate much below the cost of the service
and the small user paying much more than the cost,
each user pays his proper share, the average return to
the company giving a return on the whole investment.
It has not been found practicable to introduce this
measured rate system in small places, and although its
use is increasing, it is at present confined to the larger
cities.

Charges for the use of lines connecting distant points
are usually based upon the time consumed during the
conversation. This is the logical method of charge,
because of the large investment necessary to build such
lines and the consequent necessity of keeping the cir-
cuits as fully occupied as possible. Although on many
of the smaller and less important lines there is no limi-
tation as to the duration of a message, on lines where
business is abundant the initial period is fixed and an
extra charge is made for each minute of overtime.
There is a great variation in the length of the initial
period, but it is usually fixed at either five or three
minutes. In some parts of the country and between
towns closely connected in a business way rates
are sometimes made for shorter initial periods, the
periods being in some cases even as low as a quarter of
a minute To further utilize the investment in long

distance lines and stimulate their use it is customary to
give night service at reduced rates.

The rates are also governed by the character of the
service given, whether on individual lines or on party
lines, by metallic circuits or grounded circuits, by
underground circuits and cables, which represent a
large outlay, or by other circuits.

The cost of a service which is given to a large number
of subscribers in any city over a large area, and
which has sufficient equipment to supply the demands
of all the users during the time of the maximum use,
is necessarily much higher than the cost of a service
that is given by a small exchange which has a compact
territory and which at no time has any excessive de-
mand upon its facilities. Telephone rates, therefore,
are higher in large than in small cities. The rates,
moreover, are low among the mutual and cooperative
companies, with but few subscribers, since for such
companies the members themselves do a large part
toward the operation and maintenance of the plants.
No attempt was made to tabulate the rates charged for
telephone service, since they vary greatly as a result of
the conditions covered by the numerous classes of
service given by the companies.

All these variations are found in all parts of the
country, and the description ! of the evolution of the
telephone rates of New York city, where the logical
plan of charging each subscriber as nearly as possible
the cost of his particular class of service has been car-
ried to the highest development, gives a very good idea
of the problem involved in the question of rates for
telephone service.

Traffic per subscriber and instrument.—While the pre-
ceding tables convey an idea of the bulk of telephone
traffic, it requires a further analysis to indicate the
average amount of business transacted from each in-
strument and by each subscriber. This is shown in
Table 34 for the commercial and mutual systemsin con-
tinental United States and for the outlying districts.

TaBLe 34.—Messages per subscriber and per telephone: 1902.

{ AVERAGE NUMBER OF MEBSSAGES.

Per subscriber.
KIND OF SYSTEM. |

Per telephone.

Loong dis-

Long dis- ‘
Total. Local. tance Total. | Local. | tance
rand toll. | and toll.
I

Continental United ! i
tates. ................. v2,327 2,272 55 2,190 2,138 52
Commercial........... 2,378 2,321 57 2,233 2,179 54
Mutual............... 1,119 1,112 8 1,110 1,102 8
Outlying districts........ L35 [, L - 7Y S S

A comparison between the traffic handled by the
American Telephone and Telegraph Company and the
independent systems is shown in Table 35.

! See Chapter X.
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TasLe 35.—Traffic comparison, Bell and independent systems: 1902.

| BELL. INDEPENDENT.
i Aver- Aver-
Total. ‘ sgetper |age per
system system
1 Number. and Number. and
sub- sub-
scriber. scriber.
Number of systems. .. 4,151 | “ o - 4,107 |........
Number of sub- | |
scribers............ 2,178, 366 1,222,327 27,780 956,039 233
Number of stations ,
or telephones. ..... 2,315,297 | 1,317,178 ' 29,035 998,119 243
Messages or talks !
total number. .....15,070, 554, 553 |3,074,530,060 | 2,515 1,996,024, 493 2,088
Local exchange. . 4,949, 849, 700 ||2,998,344,933 | 2,453 1,951,504, 776 2,041
Long distance
and toll......... 120, 704, 844 76,185,127 62 X 44,519,717 47
H ]

As shown by Table 35, the Bell companies operated
123 times as many telephones per system as the inde-
pendent companies; the total local business of the
Bell companies was 53.6 per cent greater than the cor-
responding independent traffic, while the callingrate per
subscriber was 20.2 per cent larger; and the toll and
long distance work on the Bell lines was 71.1 per cent
greater than that over the independent ones, while the
toll and long distance calls per subscriber were 31.9
per cent more.

The difference in the traffic rate per subscriber is
probably to be explained by the fact that a large pro-
portion of the Bell service in the United States is based
upon some measured rate plan, either involving the
use of telephone registers or pay stations, or requiring
the operator to make a ticket for each call. The inde-
pendent companies had rarely adopted measured
service up to the time when their reports were made.

Relation of traffic to earnings and expenses.—The
relation of traffic to earnings and expenses is an
important one, both from the standpoint of the tele-
phone company and from that of the subscriber.
When the cost to the subscriber is based upon some
form of measured service, the volume of business is a
more or less direct measure of the revenue of the com-
pany and of its cost of operation. The operation of any
form of metered service tends to reduce the amount
of traffic; for if subscribers are charged by the mes-
sage, they invariably economize as much as practi-
cable. If the charge for the traffic is at a flat rate, the
company’s revenue depends upon the number of
instruments installed and not upon the volume of
traffic, while the expenses are measured more nearly
by the number of messages transmitted. With a flat
rate service there is no tendency toward economy
on the part of the subscriber, for, knowing that his
telephone charges are represented by a fixed annual
sum, he and his friends use the instrument liberally.

Table 36 shows the average revenue and operating
expense per telephone and message, by states and
territories.

TaBLE 36.—Al systems—average revenue and operating expense per
telephone and per message, by states and territories: 1902.

Average AVERAGE GROSS ' AVERAGE OPERATING
number REVENUE. EXPENSE.
of .
STATE OR TERRITORY. g
per Per | Per Per Per
telephone | telephone | message ' telephone | message
per year. || (dollars). i (cents). | (dollars).® (cents).
United States....... 2,190 37.50 ' 1.712 | 24.56 | 1.121
Alabama.................. 3,279 37.57 1.146 | 22.37 . 682
Arizona..... 1,557 $5.13 2.256 21.44 1.377
Arkansas... 2,174 33.45 1.539 ' 21.80 1.003
California. .. 1,673 38.39 2.205 | 30.02 1.795
Colorado.................. 2, 456 46.36 1.887 31.23 1.271
Connecticut 1,507 50.05 3.696 ' 39.45 2.460
Delaware 2,088 44.22 2.118 36.66 1.756
Florida. 2,301 25.82 1.122 | 16.65 0.723
Georgia. 3,774 33.86 0.897 | 21.26 0.563
Idaho......... 1,671 46.16 2.763 34.79 2.082
Ilinods.................... 2, 562 34.61 1.351 23.73 0.926
Indian Territory.. 1,564 30.79 1.969 17.55 1.122
Indiana....... 2,224 21.26 0.956 13.54 0.609
Towa......ocoeviiiaiian.. 1,600 16.35 1.016 10.53 0.654
Kansas................... 1,433 21.42 1.495 12.76 0.891
Kentueky................. 3,003 29.77 0.963 19.72 0.638
Louislana................. 3,888 45.88 1.180 23.60 0.609
Maine..................... 1,561 42.52 2.724 29.12 1,866
Maryland}................ 1,933 47.28 |  2.46 34.46 1.783
Massachusetts............ 1,807 63.49 ©  3.346 43.58 2.297
Michigan.... 2,530 26.01 | 1.028 18.31 0.724
Minnesota. 1,823 30.30 1.662 18.30 1.004
Mlssluﬂ)pl 4,009 32.95 0.822 20.10 0.501
Missouri.. 2,505 31.81 1.226 19.14 0.737
Montana 2,004 56.26 2.686 39.43 1.883
Nebraska................. 2,025 30.63 1.512 22.10 1.091
Nevada................... 1,210 30.05 2.484 15.85 1.310
New Hampshire.......... 1,707 39.87 2.335 30.66 1.796
New Jersey........... Nees 1,147 55.91 4.876 39.55 3.449
New Mexico.............. 1,732 21.94 1.267 12.98 0.749
New York..... 1,464 66.47 4.541 30.75 2.718
North Carolina 2,245 21.32 0.950 14.93 0. 665
North Dakota. 2,086 34.81 1.669 20.20 0.968
Ohio........occivinnat. 2, 508 27.80 1.108 17.06 0.680
Oklahoma................ 2,246 25.83 1.160 16.37 0.729
Oregon........c..ceuee... 1,690 31.13 1.842 21.34 1.263
Pennsylvania. . 2,646 43.33 1.638 28.91 1.003
South Carolina 2,283 27.23 1.193 17.86 0.783
South Dakota. 1,730 27.86 1.602 15.84 0.911
Tennessee 3,557 34.73 0.976 | 24.47 0.688
2,501 38.60 1.488 24.60 0.949
2,050 51.26 2.501 37.50 1.833
1,575 26.62 1.690 19.33 1.227
. 2,714 25.25 0.930 16.73 0.616
Washington. .. 2,055 31.48 1.532 24.77 1.205
West Virginia. 1,859 22.69 1.220 15.21 0.818
Wisoonsin..... 1,662 26.16 1.575 16.17 0.973
All other states? 1,844 69.31 3.758 43.46 2.356

1 Includes District of Columbia.
2Includes Rbode Island and Wyoming.

According to Table 36 the average revenue per tele-
phone amounted to $37.50. The highest rate was
secured in New York and was $66.47, or 77.3 per cent
more than the average. The lowest revenue was
reported for Iowa and was only $16.35, or 43.6 per cent
of the average. The greatest revenue per message—
4.88 cents—was shown for New Jersey, New York rank-
ing second, with 4.54 cents. The least revenue per mes-
sage was reported for Mississippi and was a little more
than four-fifths of a cent. Operating expenses per
telephone were highest in Massachusetts, where they
reached $43.58, and lowest in Iowa, where they were
$10.53. The lowest operating cost per message was
shown for Mississippi, where the average was one-half
a cent, while the highest operating cost, 3.45 cents,
was found in New Jersey.
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The high rates per telephone in New York state are
explained by the fact that this state contains the city
that is at the same time the largest city of the country
and the one that does the greatest amount of tele-
phonic business. Asthe expense of operation increases
faster than the population, it is necessary to arrange
the tatiff in recognition of the fact. But New York
city is served upon measured rates, hence the traffic
rate per subscriber is low, and the operating cost per
message is less than in places, such as some of those in
New Jersey, where the flat rate is more prevalent.

It is significant that the people in the United States
received telephone service during 1902 at an average
cost of 1.71 cents per message transmitted, and that
the average revenue above operating expenses
amounted to fifty-nine one-hundredths of a cent per
Imessage.

Other factors of traffic.—The preceding tables have
been occupied chiefly with the total traffic reported
for the various civil and geographic divisions of con-
tinental United States. But it is desirable to consider
also the variation in the number of messages which
subscribers offer, the manner in which and the time
when the business is delivered to the central office,
and the ability of the operators and apparatus to
handle it. As the reports do not permit such an
analysis to be made for every system, diagrams have
been prepared containing a digest of statistics for
about two thousand operators so selected that they
are fairly representative. These are called “load dia-
grams,” because they show the varying weight or
load of traffic. ‘

If every person wished to talk an equal number of
times per day to everyone else, the traffic would be
proportional to the size of the community and would
depend on the number of combinations, taken two at
a time, that could be made for the total number of
inhabitants. Experience shows. that this does not
happen, because of what is termed ‘‘ the acquaintance
factor”” In every community each individual is
acquainted with and transacts business among a cer-
tain limited group; and while such circles of acquaint-
ance overlap and the business increases more rapidly
than is indicated by a simple arithmetical ratio to the
population, it does not increase quite as fast as the
square of the population.

Different communities vary in the amount of busi-
ness they offer. In general, small towns of 10,000 or
under are likely to show from 4 to 6 calls per sub-
scriber per day. The business portions of medium-
sized and large cities vary from 10 to 15 calls, the
residence portions from 2 to 4 calls, while party lines
average from 3 to 4 calls.

The operations necessary for each message consume
a certain amount of time; consequently the number
of operators and the size of switchboard needed to
handle a given amount of business will depend on the
speed that the operator can attain, the efficiency of
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the switchboard, and the promptness with which the
subscribers cooperate. The speed attained depends
upon the capability of the operator and the amount
of training received, as well as upon the nature
of the apparatus. Upon magneto switchboards
installed in small country towns from five to ten
seconds elapse between the signal of the subscriber
and the answer of the operator, while from ten to
thirty seconds are often consumed in disconnecting
subscribers’ lines after service. With automatic lamp
signal switchboards the operation is much expe-
dited. Many systems strive to secure what is called
‘“three-second service;”’ that is to say, on the average
only three seconds elapse between the removal of the
receiver and the answer of the operator, while discon-
nection is usually accomplished in from three to five
seconds. It is only in the best managed and most
highly efficient systems that this speed is uniformly
secured. Taking the average of all systems, five-
second service is more common. The service over
trunk lines inevitably consumes more time.

In the business districts of urban centers, messages
are handled most speedily, because business men are
trained to prompt and quick action, and usually have
a fair idea of the inconvenience to which others are
subjected by a delay in replying, while residents in
small towns and villages often display indifference to
the prompt answering of a telephone call.

In order that the service shall be good it is neces-
sary that sufficient operating force be provided to
transact the business offered during the busy hours at
such speed as shall be satisfactory to subscribers. An
examination of the diagrams will show that approxi-
mately 12 per cent of the business is offered during the
busiest hour of the day.

Traffic records.—1t is customary for central offices to
keep more or less careful record of traffic. The com- -
mon method is to make a monthly count of the num-
ber of originating calls and trunk messages during a
given twenty-four hours. Usually each operator is
provided with a wooden peg about the size of the ordi-
nary plug, and is instructed to use the set of 100 multi-
ple jacks nearest in front of her. Commencing at
midnight of the predetermined twenty-four hours, all
operators insert these pegs in the zero jacks of the
banks, and then each operator moves the peg along
one jack for every call that is received. At the end of
each hour a clerk makes a memorandum of the num-
ber of the jack in which each peg stands and removes
the peg to the zero jack, thus making a record of the
number of calls that each operator has answered.
Such a traffic enumeration is termed a peg count.

For toll line work, or measured service, where tickets
are made for each call, the traffic record becomes auto-
matic. If lines are supplied with a message meter
located in the exchange, an hourly inspection of each
meter is all that is required.



FIG. 1.—TELEPHONE RECEIVER. FIG. 2—SECTION OF RECEIVER.

FIG. 3.—RECEIVER DISSECTED. FIG. 4.—DESK SET, RECEIVER AND TRANSMITTER.
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Disgram 1.—Telephone calls by hours, business center, residence district, ~ DiacraM 2.—Telephone calls per line in the three districts of a large city

and outskirts of a large city: 1902. ehown by hours in Diagram 1: 1902.
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To convey quickly and saliently to the eye the sta-
tistics gathered in a traffic record it is convenient to
plot them, showing upon the horizontal scale the hours
of the day and upon the vertical scale the number of
calls received. Diagram 1 presents in this way the
record for three exchanges in a large city. Three
curves are shown. Curve A is the load line of a large

DiageaM 3.—Telephone calls by hours, main and branch offices, in city

of medium size: 1902.
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exchange of from four to five thousand subscribers;

curve B, that of a medium-sized exchange of from

twenty-five hundred to three thousand subscribers in
a residence district; and curve C, that of a small ex-
change of from eight hundred to a thousand subsecrib-
ers in the outskirts. Diagram 3 is the traffic record
of an exchange in a medium-sized city, curve A relat-

ing to the main office of the business district and curve -

B, to a branch office. Diagram 4 is for a manufac-

turing city with a population of about one hundred

thousand. Diagram 5 is the load line of a village of
about two thousand inhabitants.

There is a general resemblance between the dia-
grams, which show that the telephonic load lines con-
tain one high peak in the morning and one or more in
the afternoon.
occurs later in the day than in the city of medium
size, and the falling off of traffic during the noon hour
is more marked. In the manufacturing city two peaks

In the large city the peak of the load |

occur, one relatively early and the other relatively late
in the day, while in the small village there are three
distinct peaks, one in the morning and two in the after- |
noon, the one at 3 p. m. being the highest. ‘
It is instructive to transform the diagrams which |
show total originating calls in such a manner as to !
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show the calls per line. In Diagram 2 this transfor-
mation is performed for Diagram 1.

DiscraM 4.—Telephone calls by hours in a mnuj‘acluring.ri(y having
a population of abowt 100,000: 1902.
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DiacraM 5.—Telephone calls by hours in a village having a population
of about 2,000: 1902.
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The salient change is the difference in the relative

heights of the curves in the main office and the sub-

sidiary offices, for, when the loads are plotted in calls

per line, there is a far less proportionate difference

than that which seems to be indicated by the total
load lines.



' CHAPTER VL
APPARATUS OF THE SUBSTATION.

Physical equipment.—The preceding statistics show | in continental United States in 1902, Table 2 showing

that the number of messages handled by the telephone
systems of continental United States in 1902 was esti-
mated at 5,070,554,553. To care for this enormous
interchange of conversation a considerable equipment
of apparatus was necessary.

Table 37 summarizes the physical equipment for all
systems.

TaBLE 3T.—Summary—all systems, physical equipment: 1902.

NUumber of BYSteImMB. . .. ....uviiiientenrateanaracacceacnrananenenns
Switchboards, total numMber. ... ........ciiiiiiiieieiieanaenennennnns
Manual:. :
Common battery........cocivuiiiiniiiiiieiiicnieinnnns
Magneto.................... e
Automatic.................oe...
Total capacity of switchboards. ...
Engines, horsepower.........
Dynamos, horsepower...................
Electric motors, horsepower............
Auxiliary cross-connection boards, ete............ .
Magneto generators, ringers, etc., inexchanges......................
Batteries:
Primary, numberofcells.............coiiiiiiiiiiiiiiiiiiiiiiaa,
Storage, numberofcells......................
Stations or telephones, total number
Total mile8 of Wire. . ..o ieeuieiiiiii it cieeeaees
Underground construction:
Miles of dUCt. ... .caerimiiiiiiiii it ie i
Milesofcable. . ...coueinimiiiiii it
Miles Of WIre. . ... ..ottt
Overhead construction:
Miles of single wire
Miles of cable

Suh(r;nlmrln: :milea of wire in cable
Cireai riles of wirs in cable. /7111111
From a technical aspect it is convenient to divide
the apparatus of every telephone system into three
parts:

1. The substation, including the transmitter, -re-
ceiver, and signaling appliances on the premises of the
subscriber.

2. The wire plant, embracing the electrical conduc-
tors which connect the substations and the central
office. :

3. The central office, containing the apparatus nec-
essary to enable different lines to be rapidly connected.

In the case of interconnecting systems and inde-
pendent farmer or rural lines there is no central office,
because each station becomes its own central office,
the subscriber performing for himself the functions of
the operator in securing a connection with the desired
correspondent.

The collection of appliances placed on the premises
of a subscriber in order to provide telephone service is
variously called a substation or substation outfit, an
instrument, a telephone, or a box.

Statistics of substations.—The statistical tables have
conveyed a general idea of the number of substations

2,315,297 stations, serving 2,178,366 subscribers, an
average of 1.063 instruments per subscriber. There
were more instruments than subscribers because, in
many instances, one subscriber had sufficient business
to require the installation of more than one substation.

Table 4 gives the number of telephones and shows

~ their distribution among the commercial and mutual

systems and the independent rural lines.

From the standpoint of operating companies Table
6 shows the number of stations served by the Bell sys-
tems and by the independent systems. The number
of stations reported by the Bell organizations was
1,317,178, or 56.9 per cent of the total; while the num-
ber reported by other systems was 998,119, or 43.1 per
cent.

Table 7 shows the distribution of stations by geo-
graphic divisions. The North Central division con-
tained the largest number of telephones, the propor-
tion being 47.1 per cent of the whole. The North

. Atlantic division ranked second, with 28 per cent.

When telephonic facilities are considered on the basis
of population per telephone, the Western division stood
at the head, with a population of 21 per instrument;
while the South Atlantic division was at the foot of the
list, with 75 inhabitants per instrument.

The number of instruments for both the commercial
and mutual systems are distributed by geographic divi-
sions in Tables 9 and 11. For each of these systems
the North Central division contained the greatest num-
ber of instruments, the proportions being 45.6 per cent
for the commercial systems and 86.2 per cent for the
mutual. The latter percentage shows that this is
the area in which there has been the greatest develop-
ment of mutual systems.

Tables 43, 46, 48, and 50 show the distribution of
substations by states and territories. Table 50 shows
that Iowa, Illinois, and Missouri led the list for mutual
systems, showing, respectively, 21,355, 16,831, and
10,962 substations. These three states contained 55
per cent of all mutual stations.

Rural substations.—The country districts are served
by independent rural lines, by the mutual systems, all
of which may be accepted as serving in rural districts
exclusively, and by rural lines owned and operated by
commercial systems with whose exchanges the lines
are connected. Commercial systems having their prin-
cipal exchange in larger cities often serve the smaller

(33)
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places, but it is the exception to find an exchange in a
small place serving a large city.

It is impossible to make an exact segregation of the
statistics so as to show the amount of wire and the
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work in the country as distinct from the urban dis-
tricts. The number of rural lines of each of the three
classes, their wire mileage, and the number of their
telephones are, however, indicated approximately by

number of telephones devoted primarily to telephone | states and territories in Table 38.

TasLe 38.—NUMBER OF RURAL LINES, CLASSIFIED AS COMMERCIAL, MUTUAL, AND INDEPENDENT RURAL, WITH THE
WIRE MILEAGE AND THE NUMBER OF TELEPHONES, BY STATES AND TERRITORIES: 1902.

NUMBER OF LINES. MILES OF WIRE. NUMBER OF TELEPHONES.
|
STATE OR TERRITORY.
Inde- Inde- ! Inde-
Total. |COMMer-|yutuals| pendent || Total, || COMmMer- pugual, | pendent| Total. | COMIMEr-| Mypya), | pendent
cial. cial. | cial. rural
: . | .
21,577 || 15,508 904 | 4,985 || 259,306 | 138,426 | 70,015 | 49,965 | 266,968
33 11 4 18 671 263 101 307 201 |
13 1 1 1 194 148 30 18 205 |.
53 8 5 357 24 |.......... 83 159 |
69 61 8 2 1,407 439 923 & 854 |
© 37 R 331 261 (o) 254
7 6 ) P 30 20 10 |.......... 78
57 35 2 2 605 224 & 338 235
3 N 6 2| 1,411 622 17 612 648
7 3 1 3 145 10 83 52 93
3,88 32,025 138 820 || 47,483 | 26,516 | 13,308 | 7,630 || 49,440
Indian Territory. 10 4 ... 6 105 2 [o.o...... 85 24
Indiana. 3,2% || 2,215 105 935 || 28,380 | 15602 | 9,220 3, 28,100
2,958 1,672 170 1,116 I 40,251 14,516 13,261 12,474 58,364
385 342 1 12 3,347 382 850 315 || 3,500
140 34 35 n 2,675 47 1,308 896 2,197
32 428 19 9 220 132
85 3,800 (| 3,778 77 1] 3,90
162 81 T 94
148 | I O 197
10,97 || 7,208 7237|387 0,808
ga0| 58| 1,7 o8 || 7,608
1,213 855 70 548 641
25,004 | 6,746 8,584| 9,781 28,510
212 [|......... 120 92 61
8,855 || 76,6257 1,658 574 || 7,248
174 [l 174 e 22
New Hampshire 999 || 999 |..........]ieceee.... 904
New Mexico.... 3 174 91 |.......... . 83 | 78
481 320 8 73 a2 238 | i58 17| 6,578
79 144 12 13| s4e| La9 63| 1,40 1,83
61 58 3 I 2 o1zl a0l 669 508 7l
0.+ enneeeeoeeee oo 3,08 | 2,872 ® 37 =57 17,08| 3618|128 24,268 1684| 603|316
Oklahoma .. 24 2 |- ) B 285 245 50 |.......... 246 196 50 |.connenn..
Oregon..... 31 2 5 1,008 535 435 38 842 268 556 18
Pennsyivania. . 27 2 8|| 4967 358 1,100 B3| 38| 1M 1,48 162
Rhode Taland. ..........cceeevennnnnn... 3 £ OSSR IR 30 ) O 35 35 e
South Carolina . ..211 111111111 254 155 8 0| 244 1,37 333 g4l 1,020 850 184 2868
..................... 34 21 7 6 712 305 225 2 530 239 250 &2
149 9 13 o s2a1| 10| 1,68 a5 (| 1,962 577 | 1,08 332
= a5 12 6 (| 48| 3354 78| o 21m| 168 164 32
217 209 6 2 3,325 3,203 106 16 3,567 3,355 173 39
409 232 2 155 7,615 3,391 2,218 | 2,008 5,509 1,626 2,341 1,632
14 [T FOSOUT OO 124 2|0 17 Tt RO IO
107 55 31 37 2,085 585 |71, 062 Y - 531 853 o5
507 48 s s6|| 888 422 323 1,30 10| 460 303| 1,80
L 1 2 95 |[.eeeene. 10 8 33 |[:...... . 2
18ystems.
Tf all the places with a population of less than 4,000 : Table 38, giving 677,864 miles of wire and 668,993
be considered as rural districts, it will be necessary to | telephones, produces some duplication, these figures
add to the totals shown in Table 38 a considerable pro- | may be accepted as an approximation of the rural

portion of the wire and telephones reported by the |
commercial companies having their principal exchanges, .

or centrals, located in such places. As shown in Table
33, of the 3,157 commercial systems reported, 2,627,
or 83.2 per cent, had their principal exchanges in
places of less than 4,000 inhabitants, and operated
418,558 miles of wire and 402,025 telephones. While

the combination .of these totals with those shown in |

telephone service. ,
The rural substations, as shown in Table 38,

' aggregated 266,968, of which the commercial sys-

tems reported 45.7 per/ cent, the mutual systems,
33.4 per cent, and thc independent rural lines, 20.9
per cent.

Table 39 contains statistics for the five states in
which there were the greatest number of rural lines.



F1G. 1.—TRANSMITTER HEAD.

FIG 2.—SECTION OF TRANSMITTER. FIG. 3.—REAR VIEW OF ASSEMBLED TRANSMITTER.
CASE REMOVED.
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TaBLE 39.—Number of rural lines, with the wire mileage and the num- |
ber of telephones, for the five leading states: 1902.

S—

LINES. ‘ MILES OF WIRE. || TELEPHONES. 1
STATE. i
: Number.| Rank. | Number. Rank. | Number.| Rank.
3,883 1| 47,463 1| 49,440 2 ’

3,255 2 | 28, 380 3 28,190 3

968 4| 40,251 2|l 58,364 1

1,712 51 25004 4| 26,510 4

1 3 ' 22,757 5 ,236 5

The five states shown in the table contained 186,740
rural stations, or 69.9 per cent of all such stations in
the United States. Iowa had the greatest develop-
ment, the reports showing 58,364 telephones, which
number was 21.9 per cent of the total for the whole
country, and 31.3 per cent of the total for the five states.
Moreover, Iowa had 8,924 more rural telephones than -
any other state. It was in this state, also, that the
greatest development of independent rural lines was
found—the number of such lines being 1,116, or 22.4
per cent of the total. On these lines there were 18,383
telephones, or 33 per cent of all such instruments on
the independent rural lines.

Private stations and pay stations.—From a business
aspect substations may be separated into two general
classes—private stations and public stations. Private
stations are those controlled exclusively by the sub-
scribers who rent them, and used only by such sub-
scribers or their authorized agents. A public station
is one not rented to a particular subscriber, but estab-
lished in some public place, as a hotel, theater, restau-
rant, drug store, or depot, for the use of the general
public, anyone being allowed to use the telephone upon
the prepayment of the proper charge.

Classification of private stations.—The private sta-
tions can be divided into single lines, party lines, and
private branch exchanges. The single line denotes a
complete circuit allotted exclusively to a substation.
The party lines have two or more substations upon
the same circuit. The private branch exchange is a
small central office located in the midst of a group of
subscribers who desire frequent connections with each
other and occasional service to other subscribers out-
side of their particular circle. These small offices are
equipped with switchboards that are in all respects sim-
ilar to those used in the central offices, and their opera-
tors are highly and carefully drilled. Thus the private
branch exchange does not differ in any way, except in
size, from one of the central offices that compose a large
telephone exchange. Its function is not only to relieve
the central office of a portion of the labor that is made
necessary by the particular group of subscribers, but
also to economize wire plant. Thus, A, B, C, and D
may wish to talk to one another several scores of times
daily, while they have occasion to communicate with
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F, G, and H (subscribers to the main exchange) only
occasionally. Provided A, B, C, and D are close to each

' other, it is an evident economy in wire plant to serve

the several stations by a small switchboard located
in their immediate vicinity, rather than to extend their
lines and interchange of business to the central office.
The private branch exchange consists of a switchboard
having short lines extending to each of the substations,
while a few trunk lines run from this switchboard to
the central office. This type of installation finds a
wide and constantly increasing scope in factories,
hotels, and offices of large corporations. The tendency
now is to make the private branch exchange operator
a kind of general confidential clerk, who not only
places different substations in connection with each
other and with the central office, but also performs
many other services. She orders railway accommo-
dations, hacks, or theater tickets, and renders a thou-
sand and one minor services that would be entirely
outside the function of the ordinary exchange operator,
and she is rapidly becoming a necessary and highly
valued employee in the modern business office. In

| some cases the private branch exchange is so arranged

that the instruments of a number of the subscribers can
be connected only with each other, while the apparatus
of another set of subscribers is such that each one may
talk to every other subscriber connected with his par-
ticular branch, and also receive service through the
main exchange. Technically these two groups of
subscribers are called private exchange subscribers
and private branch exchange subscribers, respectively.

Classification of pay stations.—Table 46 shows that
out of a total of 2,315,297 instruments there were
80,870 pay stations or public telephones; that is to
say, the public stations formed 3.5 per cent of the total
stations. The public stations were divided into two
classes: The so-called automatic or ‘‘nickel-in-the-
slot” station, which contains a coin box so arranged
that the caller must deposit a proper prepayment
coin, usually either 5 or 10 cents, for each local call
before the connection can be completed, and other
pay stations, embracing the miscellaneous instru-
ments. The automatic stations numbered 32,477,
or 40.2 per cent. The commercial systems, as shown
in Table 48, operated all but 18 of these and all but
384 of the other pay stations. The distribution of the
mutual automatic and other pay stations is shown by
states and territories in Table 50. New York had
the largest number in each case, the reports showing
7 automatic and 53 other pay stations. Table 26
shows the distribution of pay stations by main geo-
graphic divisions. There was an average of 972
inhabitants per pay station. The North Atlantic
division showed the greatest facilities for telephonic
communication, the average number of inhabitants
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per pay station being only 448, while the South At-
lantic division, with an average of 2,044 persons per
pay station, had made the least progress.

The American Telephone and Telegraph Company
reported 26,573, or 81.8 per cent, of the automatic
stations, and 29,083, or 60.1 per cent, of the other pay
stations.

Party line stations.—Table 46 contains statistics by
states and territories for the party line stations, and
Table 47 the number and kind of switchboards; while
Tables 48 and 50 show the corresponding totals for
the commercial and the mutual systems separately.
In the commercial systems the party line stations
numbered 808,571, or 36.3 per cent of the total, and
averaged 3.2 stations per line. In the mutual sys-
tems 77,581 stations, or 86.9 per cent, were on party
lines, and the average was 8.4 stations per line. In
order to distinguish party lines of commercial and

mutual systems from those of rural lines, which are

almost invariably party lines, the term party line is
restricted to polystation circuits within the corporate
limits of a city or town. The commercial companies
reported a total of 248,908 party lines and the mutual
companies 9,258 party lines. In Tables 29 and 30 a
distribution by states and territories is made for com-
mercial and for mutual party line stations.

The rural lines for which statistics are shown in
Table 38 had an average of 12 telephones per line,
the commercial rural showing 8 and the independent
rural, 11.

Magneto and common battery stations.—Technically,
substations may be divided into two classes, namely,
magneto and common battery substations. The
chief difference between the two classes of substations
is in the method of providing the electrical energy
used in conversation and for signaling. The magneto
substation embraces a receiver, a transmitter, a bat-
tery to actuate the transmitter, a magneto generator

sary apparatus to protect the substation from light-
ning or abnormal electric currents.

In the common battery substation the source of
energy is a battery located at the central office; the
exchange uses this battery both to signal and to
supply the transmitter. By the use of the common
battery the substation is simplified, its installation
cost reduced, and its maintenance cheapened. Ex-

perience has shown that the larger the territory in '

which a system operates the less the economy of this
latter form of substation. When the subscribers are

few and widely scattered, and when the traffic rate

is low, magneto apparatus with local battery substa-
tion is more economical. When a large number of
subscribers are concentrated in a small territory, and
the traffic rate is high, the common battery system is
a decided gain. Thus in the smaller communities the
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mutual systems and the independent farmer or rural
lines are almost universally constructed and operated
upon the magneto plan, while the systems in cities
and towns are chiefly of the common battery type.
It is difficult to determine where the economical
dividing line exists. It is probable that exchanges
of less than 500 subscribers can be operated more eco-
nomically with a magneto outfit, while for those with
a larger number of subscribers there is greater econ-
omy in using the common battery system.

Table 4 shows a total of 2,371,044 stations, includ-
ing independent rural lines, but there is no separation
showing the proportion of magneto or local and com-
mon battery installations, although in Table 5 the
number of magneto and common battery switch-
Boards for commercial and mutual lines is given.

Magneto substation apparatus.—The magneto sub-
station apparatus is very diverse, although the tend-
ency has been toward an outfit of which the illus-
tration facing page 22 is a representative type.

The foundation of this apparatus is a solid hard
wood backboard affixed to a supporting wall. Upon
this backboard is placed a cabinet, having a door and
three compartments. The lowest part is a receptacle
in which the cells forming the local battery for the
transmitter are placed. Formerly the local battery
was made of two or three Fuller cells, when the traffic
was large, or a pair of Leclanche cells for lighter work.
At present the use of dry cells is rapidly growing,
since such cells are initially much cheaper, far less
expensive to maintain, and free from the objectiona-
ble presence of liquid chemicals. The second com-
partment is somewhat smaller and contains the
magneto generator, the right-hand wall being perfo-
rated to allow the exit of the small shaft, on the
exterior end of which is the crank that enables the
subscriber to ring. The top compartment contains

. the hook switch, which projects through the left-
with which to signal the central office, and the neces- °

hand wall and on which hangs the receiver. The
door supports the ringer, whose gongs are secured on
the outside. Below the gongs is the transmitter,
usually hinged upon a swinging arm or base, which
enables the mouthpiece to be conveniently adjusted
to the lips. In the base of this arm a receptacle is
commonly formed, in which the induction coil is
placed. Underneath the transmitter a shelf is often
attached to support the telephone directory, or to
serve as a small desk upon which memoranda may be
made. A great variety is found in the designs for
the arrangement of this apparatus, since every manu-
facturer offers a number of different patterns in order
to suit the taste of various subscribers.

Series and bridged substations.—Magneto substa-
tions may be divided according to the arrangement
of the ringing apparatus into series circuits and
bridging circuits. There is an analogy here between




FIG. 1.—LIGHTNING ARRESTER. FIG. 22—COMBINED FUSE AND LIGHTNING ARRESTER.

FIG. 3.—MAGNETO BELL.

FIG. 4. —MAGNETO GENERATOR ASSEMBLED. F1Q. 5,.—~MAGNETO GENERATOR DISSECTED.
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the series method in electric lighting with arc lamps
and the multiple or parallel method of lighting with
incandescent lamps. The older, or series, type of
telephone is usually provided with a bell of compara-
tively low resistance—that is, 60 to 80 ohms—and a
magneto generator having its armature normally
shunted when not in use for ring signaling. With
the best arrangement of this type it is impracticable
to place a large number of instruments in series and
secure satisfactory transmission, because of the atten-
uation of the current in passing through so many
"mechanisms. The instruments of the bridging type
are so adapted that they can be placed in multiple or
bridging relationship with the line, and now they are
commonly so placed for party lines having more than
one substation. The illustration (Fig. 1) facing page
26 shows a bridging set with local battery transmission.

The bridging telephone ‘set is provided with a bell
magnet of high resistance and a generator that has its
armature on open circuit instead of being shunted
as in series instruments. A permanent bridging
arrangement across the line might appear to be
injurious to the transmission of speech, since it
tends to shunt incoming and outgoing current for
talking, but, as the bell is wound to a resistance of
from 1,000 to 2,000 ohms, it presents so great an im-
pedance to high frequency telephonic current that
practically no difference can be detected; moreover,
with such a circuit it is practicable to place a large
number of instruments upon the same line and yet
secure commercially satisfactory transmission. Hence
multiparty lines have become a possibility and have
been adopted widely.

A number of modifications of this circuit are made
by arranging the pieces of apparatus (transmitter,
receiver, local battery, induction coil, generator, and
bell) in different relations to each other, and some-
times the ground is resorted to as a circuit through
which the substation bell may be rung. But all such
modifications include the fundamental principle of so
locating the apparatus that the talking circuit is
cleared during conversation and the signaling circuit
subsequently restored.

Common battery apparatus.—In common battery, or,
as they are frequently called, central energy systems,
a large battery placed at the central office is utilized as
the common source of supply of current to the trans-
mitters of all subscribers connected with that exchange.
It is also possible to utilize this source of electricity as
the means of signaling.

This is done by permanently connecting the battery
to each subscriber’s line at the central office. So long
as the receiver is on the hook switch, the line is opened
at the substation and hence no battery current trav
erses it. When the receiver is removed, the hook
switch closes the circuit and current from the battery
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commences to flow. If a relay is interposed in the cir-
cuit, the current from the battery excites it, and it
attracts the relay armature, which can be arranged to
actuate any form of signal, although a small incandes-
cent lamp is the one usually adopted. Hence the
mere removal of the receiver is sufficient to signal the
exchange. Therefore a common battery station differs
from a magneto station in the omission of the ringing
generator and the local battery; consequently the sub-
station outfit may be correspondingly smaller and
A subscriber set for use with central battery
is shown in Fig. 2 of plate facing page 26.

Substation receivers.—One type of telephone receiver
is shown in Fig. 2 of plate facing page 28. The illus-
tration facing page 30 is another type of the receiver
(Fig. 1) with a partial section (Fig. 2) and a dissected
instrument (Fig. 3).

While the instrument is called a receiver,-it can also
be used in a limited way as a transmitter. In a case
made of hard rubber or similar material, and resem-
bling a butter stamp, a magnet is inserted. This mag-
net consists of a U-shaped permanent magnet of hard
steel, on the ends of which are two pole pieces of soft
iron, which carry coils of fine insulated wire. The ter-
minals of the coils run to conductors contained in a
flexible cord extending through a hole in the rear of
the case. Directly in front of the pole pieces is the
diaphragm, a circular disk of iron, usually ferrotype
metal, about two. inches in diameter and from one
one-hundredth to one-fiftieth of an inch in thickness.
The diaphragm rests upon the face of the case and is
secured thereto by means of a hard rubber ear piece or
cap, threaded upon the end of the case, which locks
the diaphragm in place as close to the pole pieces as
possible without touching them.

The magneto receiver is, as noted above, a reversi-
ble telephone. When sound waves impinge upon the
diaphragm, it vibrates; this motion causes changes in
the magnetic field created by the permanent magnet,
these changes resulting in electrical impulses in the
pole piece coils that produce a current in the attached
line. If these impulses reach another receiver at the
other end of the line, they produce exactly correspond-
ing changes in its magnetic field, and so cause its dia-
phragm to vibrate, reproducing at the distant end a
series of sound waves precisely similar to, though some-
what less in amplitude and in volume than, the origi-
nating ones. Telephonic communication, therefore,
can be carried on simply by means of a line and a pair
of magneto telephones, but the action of the magneto
instrument is too feeble to be commercially effective.
Therefore an instrument that could produce more
powerful results became necessary and the battery
transmitter was invented. _

Substation transmitters.—It is common to find the
telephone transmitter mounted on a swinging arm
fastened to the woodwork of the substation set.
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A transmitter head is shown in illustration (Fig. 1)
facing page 34, and a cabinet set transmitter, in Fig. 1
facing page 28.

Another prevalent type is the desk set, in which the
transmitter is supported on a small metal pedestal
which carries the hook switch supporting the receiver.
See illustration (Fig. 4) facing page 30.

In theory the battery transmitter operates as a kind
of electric valve, whereby power derived either from a
local battery or a central office battery is used in trans-
mission, the office of the transmitter being simply to
deliver this energy intermittently to the line in undu-
latory impulses corresponding to the sound waves that
impinge upon its diaphragm.

The working parts of the transmitter are usually
inclosed in a cup-shaped receptacle of spun brass,
which is covered by a substantial face plate, into
which the mouthpiece opens, the whole being sup-
ported upon the pedestal or arm. Figures 2 and 3
on plate facing page 34 show a sectional view of the
working parts, and the assembled transmitter with
the protecting brass cup removed.

From the sectional view it will be seen that the work-
ing parts consist of a substantial brass piece, b, known
as the bridge, which, according to Fig. 3 is clamped
firmly to the face plate. The bridge supports a
brass cup, to the bottom of which a carbon electrode, r,
is attached. As the bridge forms a substantial sup-
port for the cup and its inclosed electrode, this type of
transmitter is known as the solid back. Over the face
of the cup is placed a mica diaphragm, a, which is held
in place by a brass ring screwed to the face of the cup.
This mica diaphragm carries a second carbon electrode
secured to a stud running through the mica diaphragm
and attached to the main diaphragm, d, by means of a
nut. The space between the two carbon electrodes is
filled with fine granular carbon. The mouthpiece, m,

is directly in front of the diaphragm, which is pressed

against the face plate by means of two springs.

Sound waves entering the mouthpiece impinge upon

the diaphragm, causing it to vibrate. As the elec-
trode, f, is flexibly connected to it, the motion is
transmitted to this electrode and causes the pressure
that it exerts upon the carbon granules to vary.
One pole of the local battery is connected to the
rear electrode and the other to.the front electrode.
In some manner, as yet but imperfectly compre-
hended, the changes in the pressure upon the carbon
granules cause a considerable variation in electrical
resistance, and hence this mechanism causes pulsa-
tions of current from the battery to flow through
the circuit, and, as these pulsations are far greater in
intensity than those produced by the magnetic tele-
phone, the batterv transmitter talks correspondingly
louder and more clearly.

The induction coil.—The effect upon the receiver
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depends not upon the total current flow, but rather
upon the magnitude of the fluctuations. If a trans-
mitter, receiver, battery, and line be connected in
. series, the magnitude of any particular fluctuation
. will depend solely on the ratio of the change in the
' resistance created in the transmitter to the total

resistance. .

If the transmitter be placed in a local circuit, and a*

i small transformer be used to impart the transmitter
. impulses in the local line to the main circuit, then it is
easy to make the transmitter resistance form a very

‘ large part of the total in the local circuit and the
impulses become correspondingly accentuated and
effective. Such is the function of the induction coil.

Further, by the transformer action of the induction

coil, a low voltage and large current in the local circuit

are transformed into a high voltage and small current

in the transmitting circuit, and hence better transmis-

sion of speech may be secured. The induction coil
| usually consists of a core of soft iron wire, upon which
~ is placed a primary winding of silk-covered copper wire,
| surrounded by an appropriate thinner secondary wind-
ing, the whole being inclosed to prevent injury.

Signaling apparatus.—Magnetic signaling apparatus

consists of two parts—a generator to produce the neces-
. sary alternating current and a magneto bell to be

operated thereby. Figures 4 and 5 on plate facing
page 36 show a common type of generator and the
various parts of the mechanism.

The generator consists of from two to eight U-shaped
permanent magnets, bolted to an iron frame that
carries a shaft, to which a gear wheel and crank are
attached. The gear wheel meshes into a pinion placed
upon the shaft of a shuttle-wound armature that
, Totates between the poles of the magnets. Therefore,
when the crank is turned, the armature is revolved
rapidly and an alternating current is produced. Thus
this machine is merely a magneto dynamo on a suffi-
- ciently small scale to be easily actuated by hand.

A magneto bell is shown in Fig. 3 on plate facing
page 36. This bell consists of a frame which supports
a pair of gongs, a pair of magnet spools, a U-shaped
permanent magnet, and an armature pivoted in front
of the poles ot the electro-magnets, carrying a clapper
so arranged that when the armature swings, the
clapper will strike against the edges of the gongs.

The magneto call possesses the advantage that it
contains no contacts to corrode and requires no bat-
tery maintenance, while the generators can be easily
built to give sufficient pressure or voltage of current
~ to operate the longest line.
 Protection of substation.—The tclephone line often

is accidentally crossed with other conductors carrying

dangerous potentials or large currents and the aerial
circuit is sometimes struck by lightning. Either con-
. tingency may damage the substation, expose the



FlQ. 1.—AUTOMATIC TELEPHONE SWITCH, FIG. 2.—AUTOMATIC TELEPHONE DESK SET, SUBSCRIBER'S
CENTRAL STATION. STATION.

FIG. 3.—AUTOMATIC TELEPHONE WALL SET, FIQ. 4.—AUTOMATIC TELEPHONE, WALL SET SHOWING
SUBSCRIBER’'S STATION. PARTY CALLING.
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building to fire, or inflict upon the user a disagreeable
or dangerous shock. Hence it is customary to equip
substations with devices whose object is to isolate the
substation before damage can be done. Such con-
trivances are usually termed protectors.
are entirely underground are virtually free from danger
from lightning, and, when inclosed in conduits, con-
tact between them and other circuits is so rare that
present practice inclines to the omission of protect-
ive devices altogether. Such devices are applied,
however, to the portions of the line upon poles.

Abnormal currents are either ol excessive potential
or of excessive quantity. No single device has been
found sufficient to guard against both forms of abnor-
mal current, so that the present protector embraces
one contrivance to protect against high potential dis-
charges and another to guarantee against sneak cur-
rents. The common form of the high potential portion,
often termed a lightning arrester, is a spark gap, which
consists of a pair of carbon plates, one of which is
grounded while the other is connected to the line, the
plates being separated by a thin perforated ‘mica
washer from one two-hundredth to one one-hun-
dredth of an inch in thickness. See illustration
(Fig. 1) facing page 36.

Usually a protector is placed upon the backboard of
the substation set, although it would afford better
protection to the building if it were located on the out-
side of the house wall. Frequently a small cavity is
excavated in one of the lightning arrester carbon plates,
in which a button of easily fusible metal is placed.
The heat of a discharge between the plates dead-
grounds the line and protects the station from further
injury. '

The spark gap as thus constructed has proved itself
efficient to protect apparatus from high potential dis-
charge, but, in order not to interfere with the normal
operation of the telephone line, the spark gap must
present an air space of at least one two-hundredth of
an inch, or the normal ringing current will jump the
gap and short circuit the line. Consequently the

spark gap does not afford protection from currents of .

less than two hundred or three hundred volts. To

Lines that -

39

| prevent injury from sneak currents, the protector
must be further equipped with some device which shall
open the circuit in case current values exceed a dan-
gerous amount. This is usually a fuse or heat coil.
The fuse is of the simplest form and is frequently a
strip of mica about one inch in length, supplied with
copper terminals connected by a bit of fine copper or
German silver wire, either stretched straight between
the terminals or wound in a helix around the mica. A
combined double-pole lightning arrester and fuse is
shown in illustration (Fig. 2) facing page 36.

As fuses are somewhat uncertain devices, the so-
called heat coil is also provided as being more reliable.
This consists of a coil of fine wire wound upon a core
placed in series with the line, the core consisting of a
movable pin that normally is soldered in its place by
easily fusible metal. The heat coil is held in a pair of
springs in such a manner that the pin is insulated. If
an abnormal current enters, the heat developed in the
coil is sufficient to melt the solder and allow the pin to
fall upon a grounded plate. Further, the device is
usually so contrived that the pin may open the portion
of the line inside of the building, while it grounds the
external conductor.

Between the heat coil and the linc it is customary te
insert a fuse formed of a lead wire four or five inches
in length, inclosed in a fiber tube.. When the heat
coil operates and grounds the line, it removes the
resistance of all apparatus beyond it. Then, usually,
sufficient current traverses the line to melt the lead
fuse and this opens a gap long enough to break the
circuit completely.

Automatic stations.—Among the more recent forms
of telephone substation are those known as automatic.
These depend upon central offices where the lines are
interconnected by devices that dispense with the
service of an operator at the switchboard. Views of
this apparatus are given in plate facing page 38.

Desk and wall sets are shown, and the action of the
subscriber is illustrated when setting the signal dial at
his station on the numerals of the desired line, so that
the mechanism at the central office will receive the call
automatically and select the circuit wanted, as well as
. call up the subscriber there.

i




CHAPTER VIIL
THE WIRE PLANT.

Governing conditions.—The wire plant of a telephone
system forms the connecting link between the sub-
station and the central office. In the construction of
the first telephone lines the practice that had been
established by the telegraph companies was closely
followed. Iron wire, supported upon wooden poles,
as well as small glass insulators, cross arms, pins, and
other line accessories of the types that telegraph prac-
tice had sanctioned, were used. As in telegraphy,
the earth was employed as one side of the telephone
circuits. Because of its'rapid adoption the telephone
soon demanded, particularly in urban districts, so
large a number of wires as to cause the pole to become
an intolerable nuisance; while the simultaneous de-
velopment of other electrical industries—particularly
the street railway—that also utilized the earth for
completing the circuit, caused grounded lines to
become so noisy as to render speech transmission
uncommercial and often impossible. From an elec-
tro-magnetic standpoint iron wire is objectionable,
and its ability to withstand corrosion from atmos-
pheric influences is much less than that of copper.
Therefore the present tendency is in the direction of
abandoning the earth as a return and using a com-
plete copper metallic circuit of wires inclosed in cables,
either laid in underground conduits in urban centers
or supported upon poles in the less densely settled
districts, the open-wire line being relegated to short
distribution, to sparsely settled rural localities, or to
toll and long distance lines, where the greater elec-
trostatic capacity of the cable renders its use objec-
tionable.

Statistics of wire circuits.—In the outlying districts,
as shown in Table 3, there were 5,518 miles of wire, or
1.909 miles per telephone, while in continental United
States, as shown in Table 4, the total quantity of
telephone line wire reported as in use by all systems,
including independent rural lines, was 4,900,451 miles,
or 2.067 miles per telephone. The commercial sys-
tems employed 97.5 per cent of the total mileage; the
mutual systems, 1.5 per cent; and the independent
rural lines, 1 per cent.
mercial telephones used 2.147 miles of wire per tele-
phone and the mutual systems, 0.794 of a mile. The
Bell companies, as shown in Table 6, operated 3,387 -

924 miles, or 69.8 per cent of the total, having 2.572

miles of wire per telephone. The independent com-
panies returned 30.2 per cent of the wire mileage,

(10)

Table 5 shows that the com-
" 2,130 miles of duct, 1,571.7 miles of cable, and 392,973

showing 1.465 miles per telephone. The wire mileage
of the Bell companies is greater than that shown by
the independent companies, because the former con-
trol considerably greater mileage of toll lines and
because the Bell exchanges of each system are con-
nected by trunk lines. It is rare for an independent
local exchange or system to have more than one office.

Wire mileage by geographic divisions.—The distri-
bution of wire mileage by geographic divisions is
shown in Table 8 for all systems, in Table 9 for the -
commercial systems, in Table 11 for the mutual sys-
tems, and in Table 38 for the rural lines. The North
Central division had the greatest mileage for all sys-
tems and for each class of systems. The fact that
the mutual lines in this division utilized 81.6 per cent
of the total mileage for mutual systems is worthy of
note.

Wire mileage of rural lines.—Table 38 contains a
complete analysis of wire mileage for rural lines. The
total length of wire was 259,306 miles, or an average
length of about twelve miles per line. The correspond-
ing averages forcommercial rural and for independent
rural lines were about nine and ten miles, respectively.
The length of wire per telephone for commercial rural
lines was 1.136 miles, and for independent rural, about
nine-tenths of a mile. From Table 39, which shows
the rank of the five states containing the bulk of the
rural lines, it is seen that Illinois had the greatest
wire mileage, 47,463 miles, or 0.96 of a mile of wire
per telephone.

Underground, overhead, and submarine wires.—Table
46 contains the detailed statistics concerning wire
mileage and shows data relating to underground lines,
aerial lines, and submarine cables. Of the 4,850,486
miles of wire reported, 3,150,444, or 64.9 per cent, con-
sisted of wire above ground, and 1,690,502, or 34.9 per
cent, of wire underground. The remaining 9,540 miles
consisted of wire in submarine cables. There were on
the average 231.9 miles of wire in each mile of under-
ground cable, making an average of 116 pairs of wires
per cable. The largest amount of underground con-
struction was in New York state, which reported

miles of single wire; but Pennsylvania had more duct
than New York by 1,988.4 miles. In underground
wire mileage Pennsylvania was second, with 249,246
miles; Ohio third, with 153,677 miles; and Massa-
chusetts fourth, with 148,707 miles. There were eight
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states and territories which did not report any under-
ground construction.

Of the overhead wire mileage 2,369,914 miles, or
75.2 per cent, consisted of wire on pole or roof lines, and
780,530 miles, or 24.8 per cent, of overhead cable. The
total length of overhead cable was 8,104.5 miles, so
that the average wire milcage per mile of cable was
96.3 miles, making an average of 48 pairs of wires per
cable. In miles of wire in overhead cable Ohio
ranked first, with 114,473 miles; New York second,
with 82,967 miles; Pennsylvania third, with 73,670
miles; and Illinois fourth, with 71,251 miles.

The total wire mileage in submarine cables was
9,540. Of this amount, 3,267 miles, or 34.2 per cent,
was reported from New York state; 1,034 miles, or
10.8 per cent, from Migchigan; and 996 miles, or 10.4
per cent, from New Jersey.

Miles of wire per system and station.—Tables 29 and
30 show, for states and territories, the average number
of miles of wire per system and per station. It
appears that for continental United States the com-
mercial systems averaged 1,514 miles per system and
2.15 miles per station. The mutual systems showed
71 miles per system and 0.79 of a mile per station.
Massachusetts showed the greatest commercial mile-
age per system, 25,746, but the station mileage was
2.67. California showed the greatest mutual mileage
per system, 154, but its station mileage was third.
Texas stood first in mutual station mileage, with 2.91,
and Colorado second, with 2.50.

Kind of poles used.—The pole is the foundation of
the open line. In states of the North Atlantic and
North Central divisions chestnut is largely used, and

. secured by wire nails.

in those of the South Atlantic and South Central .

southern pine are employed, although the pine and
the cypress rot so rapidly as to make the maintenance
of such poles an expensive item. In states of the
Western division the various kinds of pine and fir,
imported from the North Pacific coast, prevail. The
following tabular statement shows the usual size of
poles:

Table of pole sizes.

|
CIRCUMFER- | | cmevurer- ‘
| ENCE (INCHES). | Approx- i ENCE (INCHES).| Approx-
i te | fimate
Length |- e Length |————— | .©
i average average
(teet). | 6feet || weight (feet). ‘ 6 feet weighgt
At top.| from !(pounds). (At top.' from |(pounds).
' butt. L { butt. .
) ‘ ‘w i

20 123 . 24 100 40 ! 2 40 625
20 16 25 130 40 25 43 800
25 124 24 150 45 22 43 835
25 16 25 200 45 25 46 1,000
25 174 26 250 50 22 46 1,035
25 19 27 350 5 25 50 || 1,250
% 2| X 350 & | = | 550
25 25 i 375 55 25 54 1,550
30 19 0 275 60 22 54 1 2,000
30 22 H 350 60 25 58 2,000
30 25 37 450 65 2 58 2,700
B 2 3 450 70 2 64 3,400
s B W 600 ‘ ,

| |
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Cross arms are usually made of yellow pine. The
following tabular statement shows the accepted
dimensions of cross arms:

Table of cross arms.

! | PIN S8PACING (INCHES). A&?rox-
Length | Number ate
(feet). | of pins. 1 ‘ weight

‘ Ends. Sides. ‘ Centers. || (pounds).|

| !
3 2 4 | 28 10
4 4 4 12 16 14
5 4 4 -15 2 | 17
6 4 | 4 21 22 21
6 6 4 | 12 16 21
8 6 | 4 164 22 | 28
8 8 4 12 16 | 28
8) 10 ] 3 10 16 293
10 8 4 15 7] 35
10 10 4! 12 16 35
10 12 4 of - 16 35

In the top of the pole a series of gains is cut of such
size as to receive the squared center of the arm which
is bolted to the pole, sometimes by a five-eighth or
three-quarter inch machine bolt and sometimes by a
lag screw. In this way the arm is supported.

To stay each cross arm, two cross arm braces are
used. These are of iron, 28 inches long, one and one-
fourth inches wide, and one-fourth of an inch thick.
Each brace has a hole drilled at either end, one end
being secured to the cross arm about ten inches from
the center by means of a carriage bolt four and one-
half inches long and three-eighths of an inch in diam-
eter, and the other being attached to the pole by
means of a lag bolt five inches long and one-half of
an inch in diameter. The insulator pins, which are
usually of locust, are driven into the cross arms, and
There is said to be an increas-
ing tendency toward the use of iron pins, which as

divisions juniper, cypress, cedar, and sometimes & rule are composed of shanksof mild steel or iron,

from one-half to five-eighths of an inch in diameter.
These pins support threaded wooden plugs cut to re-
ceive the insulators, or else the insulators are set upon
the ends of the iron pins and secured by plaster of Paris.
The so-called pony insulators, made of bottle green
glass, are almost universally used for the line wire.
Porcelain insulators have been tried, but, as they are
more expensive and have proved but slightly more
efficient, they have not been used extensively. The
line wire is usually secured to the insulator by a tie
wire of the same size and material as the line wire.
The length of the tie wire varies from 16 to 22 inches,
depending on the size of the line wire. Line wire is
of hard drawn copper or of iron. Short lines are
usually of No. 10 or No. 12 B. & S. wire, while for
toll and long distance work No. 8, or occasionally No.
6, wire is employed.

It is customary to secure the line to the insulator
by placing the wire in the groove of the insulator and
wrapping around it a piece of tie wire. Iron wire is
usually spliced by the familiar Western Union joint,
made by wrapping the ends of the wire for three or
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four inches and then twisting them together. Hard-

drawn copper wire can not be so treated, because a

twisted joint ruptures the hard skin, in the integrity
of which lies its strength. The copper wire is spliced
by the McIntire joint. This consists of two parallel
copper tubes, of the proper size to fit the wire. The
end of one wire is Inserted into one tube, and the end
of the other wire into the other tube, then the tubes
are twisted tightly, making a joint whose strength is
nearly equal to that of the wire itself.

Transmission over long ‘telephone lines is likely to
be affected by the inductive action, either of the
neighboring telephone wires or of other electrical
circuits. As a preventive, it is customary to so
transpose the various wires that they may twist
around each other and occupy different positions
with reference to neighboring lines. Transpositions
are usually made with a special insulator, whereby
each line to be transposed is terminated, and then
by means of a cross wire changed from one insulator
to the other.

Telephone cables.—The invention of the so-called
paper cable has completely revolutionized the build-
ing of telephone lines, by providing a method whereby,
at small cost, a large number of conductors can be
compressed into a small space and yet preserve
requisite insulation without objectionable increase
of electrostatic capacity. To make paper cables,
soft drawn copper wire of 18, 19, 20, or 22 gauge is
insulated by covering it with a double wrap of tissue
paper. Each metallic circuit consists of two such
wires twisted together in a strand having a lay of
from 4 to 6 inches. The proper number of such
strands to form the desired cable are then cabled by
using one pair for the center and laying up around
the central pair layer after layer of circuits, each
being cabled in a direction reverse to the other.
Finally the whole mass of wire thus arranged is
inclosed in a lead pipe, which hermetically seals the
conductors in an absolutely moisture-proof sheath.
By the spiral arrangement the inductive effects of
adjacent circuits are nullified, for, as each pair of
wires is twisted with a lay of about six inches, each
side of each circuit is mutually transposed twice in
every foot, and, as the different layers are spiraled in
reverse order with a lay of about twenty-four inches,
each circuit as a whole is frequently transposed with
reference to all others.
ping of paper an insulating material is secured,
which possesses, so long as it is kept dry, an exceed-
ingly high insulation resistance, combined with great
lightness and flexibility and low specific inductive
capacity. Thus the paper cable secures an almost
ideal arrangement for telephonic circuits, but its
permanence depends on the integrity of the lead sheath,
its only protection from moisture, which would imme-
diately ruin all the circuits.

TELEPHONES AND TELEGRAPHS.

Paper cables are made to contain from four or five
pairs of wires for distribution to six or seven hundred
pairs for main line work. Three varieties, differing
chiefly in the size, are in common use. Subscribers’
cables are those employed for the shortest lines, where
a relatively high conductor resistance and electro-
static capacity are of minor importance. Trunk line
cables use a larger gauge wire and have a lower
capacity, and toll line cables have the least con-
ductor resistance and the lowest capacity.

From a mechanical standpoint the paper cable has

little strength. The lead of the sheath is intrinsically

In the use of a loose wrap- '

weak and the copper wires, that with their paper
wrappings form the core possess little mechanical
strength. Hence telephone cables must be carefully
supported and not allowed to sustain their own
weight over long spans. When cables are to be used
upon pole lines, it is customary to run a steel wire
rope, termed a messenger wire, from pole to pole, and
hang the cable thereto by means of clips. Upon each
pole the messenger wire is supported by means of
either a special angle iron cross arm, or an iron
bracket.

As it is impractical to manufacture paper cables
of more than from four to five hundred feet in
length, frequent splices are necessary. The cable
is prepared by stripping the lead about twenty-four
inches at each end. A lead sleeve, about eighteen
inches long and with a diameter from one inch to
one and one-half inches greater than that of the cable,
is slipped over the ends. Then the paper wrapping
is removed from the wires and over each a paper sleeve
is placed; the ends are twisted together and the
paper sleeve is slipped over the bare portion. To
remove any absorbed moisture the cable joint is boiled
in paraffin. Then a wrapping of tape is bound firmly
over the generators. The lead sleeve is slipped over
the splice, the ends are dressed down, and the sleeve
is soldered to the respective sheaths.

Telephone cables terminate usually either at a
central office or upon an open wire distributing pole.
At the end of the cable the conductors must be brought
out. There are two devices for accomplishing this,
the cable head and the pot head. The former con-
sists of a rectangular iron box, having at one end a
brass pipe to which the sheath of the cable is soldered
and through which the conductors pass to the inside
of the head. The sides of the head are provided with
binding posts, which project, air tight, through the
sides. After each conductor is run to its appropriate
binding post and soldered, the head cover is screwed
down upon a rubber gasket, sealing the cable. The
pot head is the cheaper device. It is made by splic-
ing a short handmade cable to the cable in the man-
ner already described. To prevent moisture from
entering the cable, the sleeve is made somewhat
longer, the pot head is set on end and heated to
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about 300° F. and the sleeve is filled with melted °

chatterton or other cable compound, which unites
with the rubber covering of the leading out wires.

Telephone conduits.—A telephone conduit is a long

longitudinal passageway which is built beneath a

highway and in which one or more cables may be

placed. In the first efforts to build underground lines
the simple plan was adopted of burying a cable either
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duit within the definition of masonry, and hence they
apply to it the wage rate of skilled masons.

The so-called cement lined pipe has been extensively
used, and many believe that its use is advantageous.
The duct material is composed of cement pipe, made
by molding cement around a mandrel placed inside a

~ thin iron tube about 5 feet in length, the reason for the

directly in the ground or in a trench or box filled with

sand.
unless the pavement is lifted, hence such built-in sys-
tems were found to be impractical. For the so-called
drawing-in systems pipe-like passageways are built
in the streets so that they open at intervals of from
200 to 400 feet into vaults or chambers which afford
access to the ducts. Thus the conduit and the cable
are entirely distinct, and cables may at any time be
introduced or removed with no interference to the
street surface. ‘

Many feet of conduit have been built of wrought
iron pipe embedded in concrete, with the idea that
the iron pipe would form a convenient receptacle for
the cable, and that, if it should rust away, an equally
useful hole in the concrete would remain. A formid-
able objection was the expense of the iron pipe. To

But this means that the cable is inaccessible |

cheapen conduit construction some unknown person

employed a terra cotta drainpipe, and upon this
simple and apparently obvious expedient the whole
modern system of terra cotta conduit building is
based.

Two forms of clay ducts are now in use—the single
duct, or hollow brick, and the multiple duct. The

single duct is made of pieces of rectangular clay pipe ;
about 18 inches in length and 5 inches in diameter

over the flat sides and has a longitudinal hole about
3 inches in diameter.

In the street a trench is excavated of sufficient size
to accommodate the desired number of ducts. Upon
the bottom of this trench a layer of concrete from 3 to
5 inches in thickness furnishes a surface with adequate
foundation and a proper grade for drainage and venti-
lation. The conduits are built by laying the tiles in
brick-wall fashion. Each duct is embedded in a layer
of cement mortar, and, in order that the successive
ducts may be properly aligned, they are laid on a man-
drel, which is a round stick about 5 feet in length
placed in each duct and drawn along as fast as a new
brick is laid, so that the successive pieces are centered
by means of the rods on which they rest. As these

use of the iron casing being the protection of the
cement while it is hardening. Conduits of cement
lined pipe are built as already described, the space
between the tubes being filled with mortar, while
alignment is secured by providing the successive
pieces of duct material with male and female ends.

The multiple duct is a recent development. The
difference between it and the single hollow brick is
that in the multiple duct from two to-twelve ducts are
combined in one piece, and therefore the labor of
handling and laying is reduced. Thus a 16-duct sub-
way can be composed of four pieces of 4-duct tile.
The duct material is laid upon a concrete bed. Con-
secutive pieces are aligned by means of dowel pins,
which are inserted into holes in the partitions between
the ducts, while joints are formed by wrapping the
ends of the successive lengths with burlap coated with
asphalt or cement mortar.

In order that cables may be introduced into the
conduit it is customary to provide chambers which
are called manholes or vaults. These must be placed
where the conduit makes a marked change in direc-
tion, as it is inexpedient to pull cables around corners.
As the street corner forms a convenient location for
the manhole, these chambers are usually placed from
200 to 400 feet apart. The manhole is made either of
brick or of concrete and is provided with one of the
many different designs of iron covers now in use, so
that the continuity of the street level may be preserved
and access to the chamber afforded.

In building conduit manholes a concrete bottom
from 6 to 8 inches in thickness is usually made at the
lowest part of the necessary excavation, and in this
a sewer trap is placed to serve as an outlet for any sur-
face water that may enter. Upon the concrete bot-
tom the manhole itself is constructed. When con-
crete isemployed it is customary to make a collapsible
mold, nearly filling the excavation, and to ram the
concrete on top of the mold and between it and the
surrounding earth, thus making a thick monolithic
chamber. The concrete manholes cost about three-
fourths as much as the brick manholes, and are con-

hollow bricks are short, the laying requires consider- | siderably stronger after the concrete is thoroughly

able labor; moreover, the trade unions have held that
the use of a trowel brings the construction of the con-

set and much more efficient in resisting the predatory
pick of the street paver.



CHAPTER VIIL
CENTRAL OFFICE OR EXCHANGE.

Definition of central office.—The Bureau of the Cen-
. exchange has been under process of solution for a

sus employs the terms ‘‘ public exchange ' and *‘ central
office” to designate the place where the larger switch-
boards are located for the purpose of interconnecting
subscribers’ telephones.

It is the function of the central office to place the
subscribers in talking relations with each other and to
disconnect their lines when conversation is completed,
in readiness for new calls from other persons. All its
apparatus and all the energy of its operators must be
bent toward performing the necessary functions with
the utmost celerity and economy. Many systems
have a main exchange and a number of public branch
exchanges, or branch central offices; all of those hav-
ing switchboards were considered and counted as
public switchboards and public centrals. The 10,361
public exchanges shown in Table 46 therefore repre-
sent the entire number of offices which were used for
the purpose of interconnecting subscribers’ substa-
tions.
reports were received did not operate any central
office.

Telephone switchboards.—The switchboard is the
chief and most important feature of the central office,
because the success of the system as a whole depends
upon its proper operation.

For continental United States the total number
of switchboards of all kinds was 10,896. This exceeds
the number of public exchanges by 535. This differ-
ence is due partly to the fact that toll boards and local
boards were returned separately for the exchanges in
which there were separate installations for these two
forms of service.

The 4,985 independent rural lines from which"

In general, switchboards may be classed as manual :

or automatic.

An automatic switchboard is one that does not de-
pend upon the service of an operator, but is worked
by the subscriber himself from his substation. Auto-
matic switchboard substations are provided with
some form of mechanism which the subscriber sets to
the number of the correspondent whom he desires.
This mechanism then transmits to the central office a
series of electrical impulses, that actuate an electro-
magnetic mechanism in the switchboard, usually
upon the step by step plan, whereby the subscriber’s
line is automatically connected to that of the desired

(4)

correspondent. While the problem of the automatic

number of years, there were only 54 switchboards of
this type in practical operation in 1902, which shows
that they were then comparatively unimportant,
although the number appears to be increasing very
rapidly.

The manual switchboard is so called because con-
nections between subscribers, are made manually by
operators, who connect the lines of different subscribers
by means of plugs joined by flexible conductors, all
connections being made in accordance with the oral
instructions of the calling subscribers. According to
Table 5, there were 10,842 manual boards, which were
divided into common battery and magneto boards.

Common battery boards may be defined as those
that use a central office battery to supply the energy
for the transmitters and for signaling to all of the sub-
stations attached. Magneto boards are those that
serve systems in which each substation has a local
battery to energize its transmitter, and uses a magneto
generator to signal the central office. There were 837
common battery boards, or 7.7 per cent of the total
number of switchboards, while the magneto boards
aggregated 10,005, or 91.8 per cent; but the common
battery boards, notwithstanding they were numerically
much fewer than the magneto, are of greater impor-
tance. Common battery boards are used almost
entirely in the larger cities, and hence are utilized by
the bulk of the subscribers in the United States.

Statistics of switchboard equipment.—Tables 3, 5,
and 6 contain statistics as to switchboard equipment.
In the outlying districts there was a total of 14 boards,
of which 12 were magneto and 2 were common battery.
These systems had an average of 207 telephones per
switchboard.  For continental United States the
number of switchboards reported as belonging to
commercial systems was 9,954, or 91.4 per cent ot the
total number, while the mutual systems had 942
boards, or 8.6 per cent. All the private branch
exchange boards, 7,883, were reported for the com-
mercial systems.

When a comparison is made regarding the switch-
board equipment of the Bell and the independent
companies, as given in Table 6, it is seen that the Bell
boards numbered 3,820, and formed only 35.1 per



CENTRAL AUTOMATIC EXCHANGE, GRAND RAPIDS, MICHIGAN, 6,000 LINE FULL AUTOMATIC.

MAIN EXCHANGE PITTSBURG, PENNSYLVANIA, BEFORE OCCUPANCY BY OPERATORS.



Digitized by GOOSIQ



CENTRAL OFFICE OR EXCHANGE.

45

cent of the total number of boards; but there were | TaLe 40.—Number of public exchanges, Bell and independent sys-

345 telephones per switchboard for the Bell com-
panies, while the average for boards of independent
companies was 141. The Bell system showed 7,266
private branch exchange boards, or 92.2 per cent,
out of the total of 7,883, while on the independent
lines there were only 617 such exchanges. In the Bell
exchanges there were 356 common battery boards, or
9.3 per cent of the switchboard equipment of those
exchanges. The independent common battery boards
numbered 481, being 6.8 per cent of the total equip-
ment of 7,076. Of the 54 automatic boards, the Bell
companies operated only 1.

. Geographic distribution of exchanges and switch-
boards.—Tables 8, 9, and 11 show the distribution of
exchanges and switchboards by main geographic
- divisions. The North Central had the most exchanges,
5,212 for all systems—4,442 for the commercial and
770 for the mutual. The switchboards for this divi-
sion were slightly in excess of the exchanges, num-
bering 5,500 for all systems—4,730 for the commercial
and 770 for the mutual. Tables 46 and 47 give a
detailed analysis, by states and territories, of the
physical equipment of the 10,361 public exchanges.

In Tables 29 and 30 there is an analysis for states
and territories, showing the average number of sta-
tions per switchboard for the commercial and mutual
systems.

As shown in Table 47, the greatest number of com-
mon battery or central energy switchboards were in
use in Pennsylvania, for which state 118, or 14.1 per
cent of all boards of this class, were reported. The
largest number of automatic switchboards was re-
turned from Kansas, where 16, or 29.6 per cent of all
automatic boards, were in use.

Table 40 shows, by states and territories, the distri-
bution of the exchanges of the Bell and the independ-
ent companies.

TaBLE 40.—Number of public exchanges, Bell and independent sys-
tems, by states and territories : 1902.

(" !

STATE OR TERRITORY. Total. | Bell ‘pelr:lgeer;t

United States. . ...t 10,361 ‘ 3,733 | 6,608
Alabama..... e 60 . 31 38
Arizona..... - 30 12 18
Arkansas. St 123 19 104
California.................... . 376 362 14
Colorado. ...l | 96 80 16
Connecticut. . ................. 44 40 4
Delaware. ... .. ... 21 5 I 16
District of Columbia 5 | 5 i,
Florida.............. 38 8 30
GCOTRI® e v o e e et .- 13 “ 33 | 80
Idaho.................... 33 . 28 ! 5
inois. .................. 12 - 7 735
Indian Territory . 5 ..., . 50
Indiana... . ..o oL o 621 | 9l 530
OWB .ottt ‘ 710 68 642
Kansas.............. : 259 23 230
Kentucky........ . 203 96 107
Louisiana........ 60 45 15
Maine............ 112 || 80 32
Maryland. ..o 88 |, 24 04

tems, by states and territories: 1902—Continued.

: Inde-
STATE OR TERRITORY. Total. Bell. pendent.
|

Massachusetts. ... ... ...l 233 221 12
Michigan........ 511 185 326
Minnesota....... 246 23 223
Mississippi. ... . 96 64 31
Missouri.. ... 482 41 441
Montana....... ... . i 32 19 13
Nebraska. ... i 220 7 143
Nevada....... et . 11 8 3
New Hampshire....................................0 87 5 12
NeW Jersey . ..ot 246 175 71
New Mexico. . ... 12 2 10
New York....... . 713 408 | 305
North Carolina.. 125 7 118
North Dakotu.... 49 4 45
ORiO. . e 57 158 599
Oklahoma. ... 52 4 48
Oregon........ 118 99 19
Pennsylvania. . 7 363 409
Rhode Island...... ol 20 | 18 2
South Cnml,inu ..... 82 | 15 67
South Dakota... 103 9 94
Tennessee . . 158 | 95 63
Texas. ... 334 118 216
Utah.... 2 22 [ioeaoe.l.
Vermont................ioiiiih i 103 39 64
Virginia. .. ... 139 14 125
Washington..................ol 140 135 5
West Virgini. . ... 180 27 153
Wisconsin. ... i 342 88 254
WYOIMING e . e eeee et et eecieaaeenns 14 13 1

Indian Territory was the only civil division that had
no Bell exchange and the District of Columbia and
Utah were the only ones not represented among the
independent exchanges. The largest number of the
Bell exchanges, 408, was reported for New York state.
The greatest number of exchanges of independent
companies was shown for Illinois, which had 735 such
exchanges.

Capacity of exchange and switchboard.—The total
capacity of the switchboards was 2,447,403 lines, or
an average of 225 for each board, as compared with an
average of 200 subscribers, 212 telephones, and 445
miles of wire. The capacity of the switchboard is
generally in excess of the actual demands of the
service, but there is no essential relation between the
capacity and the number of subscribers or telephones.
There are many party lines and private branch
exchanges having but one connection with the central
switchboard, and in some sections of the country there
are extensive toll lines operated without switchboards.
On the other hand, in some states provision is made
for accommodating independent farmer or rural lines,
and the statistics for the stations of such lines are not
included in the reports of the system to which they
are connected.

Miscellaneous central office equipment.—The magneto
office, rarely containing more than a few hundred sub-
scribers, has little equipment beyond the distributing
board, the switchboard with its primary cells for work-
ing the operators’ transmitters, a ringing generator,
and sometimes a prime mover to drive the generator

. and thus save labor on the part of the operators; but
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‘the modern common battery office of large size must |
contain a complicated and elaborate equipment con-
sisting of a storage battery for supplying, it may be,
many thousands of transmitters, a charging dynamo
plant to replenish constantly the storage batteries,
the necessary prime movers to actuate the dynamos,
and a power switchboard, which for complexity some-
times rivals that of an electric light station, to handle
the multiplicity of circuits that are needed for charging
and operating the storage batteries. Moreover, proper
relays and other racks are necessary to hold the .
auxiliary apparatus required by the common battery
circuit.

Table 47 shows, by states and territories, the statis- |
tics relating to the equipment of the central offices. |
This table indicates that there was a total of 110,648
primary cells and 19,001 storage cells in use. Numer-"
ically the primary cells were much more important
than the storage cells, since they corresponded to a
larger number of magneto switchboards, but rated by
the output of energy the storage cells far exceeded
them. There were 196 engines, aggregating 2,750.5
horsepower, and 1,359 dynamos, aggregating 5,459.1
horsepower. The electric motors numbered 1,414,
developing 4,209.8 horsepower. The greatest number
of common battery boards which would utilize such
power resources were found in Pennsylvania, where
they numbered 118, while Ohio followed with 108.
California, Mississippi, Nevada, New Mexico, Oregon,
and Washington showed no common battery boards,
but there was no state or territory that did not possess
gome magneto outfits. The largest number of boards,
861, was in Illinois, and the least, 11, in Nevada and
New Mexico.

Method of central office connection.—The subscribers’
circuits run either upon poles or in conduits to the cen-
tral office and terminate there in a switchboard in a
contrivance called a jack. Each jack consists of a set
of springs to which the line wires are attached. These
springs are supported on a strip of rubber hollowed
out to receive and protect them. In front of each set
a hole is drilled, the object of which is to guide a brass
plug of proper shape to fit into the springs and cause ,
it to make contact with them. By means of such a ‘
plug and the proper conductor attached thereto any |
subscriber’s line may be extended outside of the jack.
In addition to the jack each subscriber’s line is pro-
vided with a signal, whereby he can attract the atten-
tion of the operator. In magneto switchboards this ‘
signal is called a drop, and consists of an electro-
magnet provided with a shutter normally held vertically
by a catch attached to the armature. When the sub-
scriber turns the crank of his magneto, the current over
the line to the switchboard excites the drop, lifts the
catch, and allows the shutter to fall, exposing the
number. The jacks and drops are often associated in
a single strip, so arranged that when the plug is inserted
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in the jack, it automatically restores the shutter to its
first position. If the drop be permanently connected to
the line, its presence impairs transmission, so that the
springs of the jack are arranged in such a manner that
the entrance of the plug cuts out the drop. The plug
consists of a slender brass rod about three-sixteenths
of an inch in diameter inserted in an insulating handle.
The flexible cord is composed of a pair of stranded
conductors carefully insulated from each other. The
ends are inserted into the hollow handle of the plug
and connected to its metallic parts. In addition there
are three key switches, or three way switches. By
means of one switch the operator can connect the
telephone she wears upon her ear with the cord, and
so receive the subscribers’ orders. By the other
switches the operator can ring the subscribers’ bells.

A common form of switchboard key consists of a
brass plate forming an escutcheon, which supports the
key upon the shelf. Underneath there is an L-shaped
piece of brass, to which are secured sets of springs
that are attached to the line wires. The escutcheon
plate carries a cam provided with a suitable handle

"and furnished with a rubber roller, which, when the

handle is rotating, impinges upon the springs in such
a manner as to lift one set of springs from the con-
tacts which they normally make and moves them in
such a manner as to make a new pair of contacts.
This is a ringing key, which, when the operator releases
the handle, springs back to its normal position and
cuts off the ringing current. There is also a
combined ringing and listening key arranged to
ring when the handle is operated toward the right,
and to switch the operator’s telephone set onto the
line when the handle is pressed toward the left. This
key is automatic when used for ringing, but re-
mains set when in the listening position. That the
subscriber may notify the operator when conver-
sation has been completed, a clearing-out signal, a
high resistance drop, is bridged across the cord circuit.
The essential features of the switchboard are the sub-
scriber’s terminal (jack and drop) and the cord circuit.

The complete switchboard.—A complete switchboard
is formed by assembling as many sets of the apparatus
described as may be necessary for the exchange.
These are placed in a cabinet, shaped essentially as in
Fig. 1 on plate facing page 46, and containing a vertical
panel, in the upper part of which dropsare placed. The
lower section of the panel contains the jacks. Next
comes the cord shelf with its cords and keys, the whole
cabinet being so arranged that the shelf is of conven-
ient height for the operator when'in asitting position
with the drops and jacks arranged in front of her
in such a manner as to be within the easiest possible
reach. This illustration further shows the method of
connecting lines by inserting a pair of plugs and cords
into the jacks. The cords pass through holes cut in
the shelf and are furnished with pulley weights whose
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function is to draw the cord back to its place as soon
as the operator has removed it from the jack and thus
keep the cord shelf free. A rear view, showing the
apparatus contained, is given in Fig. 2 on plate
facing page 46.

An operator can usually attend to about one hundred
lines, and magneto boards are as a rule built in sec-
tions accommodating this number. As the number
of subscribers increases, succeeding sections may be
set up in proximity to each other, and, so long as the
exchange is limited to three operators, each can reach
the jacks of all subscribers, and hence can connect
with all.  When more than three operators are needed,
it is impracticable for each operator to reach all the
jacks. There are two solutions: One, the so-called trans-
fer system, in which, if a subsecriber calls for a party

47

" strips supported by a proper rack. As subscribers

whose jack is out of the operator’s reach, she may

transfer the call to some other operator before whom the
jack of the desired subscriber appears, by means of a

local trunk line extending from her position to that of |

the other operator. The other method is known as the
multiple switchboard. This involves equipping each
subscriber’s line with more than one jack, a sufficient
number being provided so that a jack upon every line
may be placed within the reach of every operator.
As the operators are usually grouped in threes, this
method requires at least one jack upon every line for
every three operators.
it is only necessary for the operator to find the jack of
the subscriber to be called, insert the plug, and ring.
There is a limit to this system, for, notwithstanding
the expenditure of a vast amount of ingenuity, it
has been found impracticable to make each of the
jacks occupy less than one-fourth of an inch square,
or even three-sixteenths, and, as the space available in
front of the operator is limited by the length of her
arms, it is impracticable to place more than 12,000
jacks in front of any three operators. A large mul-
tiple switchboard is presented in the illustration facing
page 44.

Lamp signal switchboards.—As a signal the visual
drop is found ineflicient, because the operator often
fails to notice the falling shutter, and also undesirable,
because it occupies much space. It has now largely
been replaced by the lamp signal, which consists of a
miniature incandescent lamp, comprising a glass tube
about one-fourth of an inch in diameter, shod with a
wooden plug, carrying two brass strips that form the
terminals. To hold the lamps in the switchboard,
they are placed in a bank of jacks, resembling the
subscribers’ jacks, except that each lamp is furnished
with a brass cap, upon which the number may be
painted. The subscriber’s line is furnished with a
relay. The armature carries a platinum contact
inserted in the circuit of the lamp. When the sub-
scriber removes the receiver from the hook switch,
current from the central office battery flows over the
line, excites the relay, closes the lamp contact, and

illuminates the lamp. The relays are mounted upon !

Then to complete a connection |

signal involuntarily by the removal of the receiver,
and as the signals are operated by relays, the modern
switchboard is variously called a common battery
board, an automatic signal board, a lamp switchboard,
a relay board, or a central energy board. Lamp sig-
nals are found equally eflicacious as disconnect signals.
For this purpose two lamps are used, one associated
with each plug and placed in the cord shelf directly in
line with the plugs. The circuit is such that each
subscriber controls the lamp attached to the plug
inserted in his jack. Hence each subscriber can always
secure the attention of the operator.

The distributing board.—Before the subscribers’
lines reach the switchboard it is customary to carry

. them through the distributing board or distributing

frame. This is an iron framework, upon one side of
which the subscribers’ lines are terminated, and fur-
nished with lightning protectors similar to those used
at the substations. On the other side of the distrib-
uting board the switchboard cables end. The ter-
minals on both sides of the distributing board are
permanent, and the short connections between the
sides are in the nature of temporary wires called
jumpers. The object of this piece of apparatus is to
provide for removals, and also to permit of equalizing
the distribution of the “ load "’ or work. A subscriber
may change his location and yet desire to retain his
telephone number. If the distributing board did not
exist, it would be necessary to tear the switchboard
cabling to pieces in order to run a new line to the
old jack; but by means of the distributing frame a
simple change with a jumper, which can be made in
a few moments, suffices.

The common battery equipment.—Of all the apparatus
of the common battery offices the storage battery is
the most vital, for upon its integrity and continuity
of service depends the success of every telephone in the
entire exchange. The majority of common battery
installations are operated at a potential of 24 volts,
requiring a battery of 12 cells. In some cases a poten-'
tial of 20 volts is used, and in a few others 36 or 40
volts. In some instances a duplicate battery is pro-
vided, while in others the office is so designed that the
batteries may be charged concurrently without inter-
rupting the regular services which they supply to the
exchange. Usually the batteries are installed in a sep-
arate room, which is supplied with a concrete floor to
avoid injury by acid and has an appropriate ventilating
apparatus to dispose of the sulphuric acid fumes gen-
erated. The charging apparatus is of two classes.
Where a commercial circuit is available, an electric
motor is used to drive a dynamo which supplies the
proper quantity and voltage of current to charge the
storage batteries. In case no commercial circuit is
available, some other prime mover—sometimes a steam
engine, but more frequently a gas engine—is used tc
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drive the dynamo. In addition, large offices must be
supplied with power-driven ringing machines.

Common battery switchboard circuits.—The circuits
employed in common battery switchboards are much
more complex than those used in magneto installa-
tions. From time to time a great variety of such
circuits have been produced, to describe which would
require reference to numerous diagrams and would
transcend both the space and the scope of the Census
investigation into telephony. There are, however,
certain basic functions which every such circuit must
perform and which may be briefly indicated as ger-
mane to the general subject. Every common battery
circuit aims to secure six results: .

First. To make the calling and disconnect signals
automatic and dependent solely on the position of the
receiver at the substation; that is to say, the removal
of the receiver transmits the calling signal, and its
replacement the disconnect signal. As, without
sensible error, it may be stated that common battery
circuits are entirely metallic, the substation is so
arranged that when the receiver is on the switch
hook the circuit is open to the battery current, usually
by means of a condenser, sometimes by arranging the
calling circuit so that the exchange rings the sub-
scriber overground; by this means, so long as the
receiver is on the switch hook the subscriber may
be called by means of an alternating generator cur-
rent, but no battery current can flow.

Second. The provision at the central office of a
common supply of electricity for all substation trans-
mitters. This is usually accomplished by installing
a single large storage battery. Some circuits, how-
ever, use two batteries so arranged that one becomes
common to all calling subscribers and the other to
all called subscribers.

Third. Such an arrangement of apparatus at the
battery as shall cause each subscriber’s line to be
supplied with its proper quantity of current for talking,
irrespective of differing resistances in the lines which
may be coupled together; and further, such an
arrangement of apparatus as will prevent the common
battery from shunting or short circuiting telephone
conversation. This is usually accomplished either

|

|
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the use of jacks with multiple springs so arranged that
the insertion of the plug opens the calling signal circuit.

Fifth. The provision of appropriate disconnect sig-
nals so arranged as to be inconspicuous during con-
versation, but becoming visible at the termination
thereof. In some circuits this is accomplished by a
relay which shunts the disconnect signal so long as
the receiver is off the hook; in others, a relay makes
a positive contact completing the disconnect signal
circuit when the replacement of the receiver opens
the subscriber’s line.

Sixth. The provision of some method whereby a
test shall be provided for all busy lines. This is
accomplished in some circuits by means of a third
wire which puts the battery upon the rings of all the
jacks; in others, by a special relay, which when
excited by the closure of the subscriber’s line similarly
charges the jack rings; and in others by such a com-
bination of battery circuits as grounds the jack rings
when the line is idle and insulates them and connects
them with the battery when the lines are in use.
To a skilled electrician it is evident that combinations
for producing these results are numberless, and hence
new ones are constantly arising. :

Toll line switchboards.—A toll line switchboard
does not differ materially from the local switchboards
described, excepting so far as it may be necessary to
adapt it particularly to the transaction of long dis-
tance work. The general course of toll business in
important exchanges is somewhat as follows: For out-
going toll calls, a subscriber signals the operator in
the usual manner; when the operator replies, the
subscriber calls for the toll board, and the operator
connects him with a so-called recording operator, who
takes his order and makes a ticket memorandum of
his name and number and the city and address of the
party he desires to reach. The recording operator

. tells the calling subscriber that he will be called as

soon as the party can be secured. The recording op-
erator then passes the ticket to the proper toll line
operator, who secures a toll line to the town specified
and calls the party to the telephone. The toll line

. operator, by a trunk line, connects the toll line to a

by introducing a repeating coil between the coupled

lines, or by joining the lines by means of a condenser
and interposing between the battery and each cord
conductor an impedance coil.

Fourth. Such an arrangement of signaling appa- |
ratus as provides a calling signal that is automatically

removed by the insertion of the answering plug.
This is accomplished either by the use of a cut-off
relay that is actuated by the insertion of this plug,
or else the plug shunts the line relay, or in some cases

v

special operator at the switchboard, to whom the
handling of toll work is delegated. This operator
calls the original subscriber and connects him to the
trunk line extending to the toll board.

An incoming toll call is simpler, as it is unnecessary
to make a ticket. When an incoming call reaches the
toll operator, she connects herself, by means of an
order wire, with the special toll operator at the local
board and instructs this toll operator to obtain the
desired subscriber and to connect him by a trunk line
with the waiting toll party.
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CHAPTER IX.
EMPLOYEES, SALARIES, AND WAGES.

General statistics.—The rapid growth of the tele-
phone industry between the years 1880 and 1902 is
nowhere better exemplified than in the increase in the

number of employees connected with it, although, as

a matter of fact, the number per exchange in 1902
would indicate a falling off in the ratio for each plant.
In 1880 the number of employees was returned as
3,338, whereas in 1902 the number of salaried officials,
clerks, etc., and wage-earners was 78,752, or almost
twenty-four times as great. But while at the begin-
ning of real development, in 1880, the number of em-
ployees per exchange was about ten, it had fallen in
1902 to between seven and eight, due to the great
improvement in apparatus. These conditions were
due undoubtedly to the springing up of independent
systems during recent years, calling into existence a
large number of small exchanges in places of minor
population. In view of the rapid rate at which the
industry is still developing, it might be assumed that
as the exchanges grow in number of subscribers and
conversations they will need more operators, restoring
the old ratio and going beyond it, especially as the
multiple switchboards have apparently reached the
limit to which connecting devices can be concentrated
in front of any one operator or group of operators.
Offsetting this, however, is the recent development of
the automatic exchanges, some of which are planned on
a scale of great magnitude, and tend to minimize the
use of human hands and eyes in establishing connection
and furnishing service.

While women have found a iimited employment in
telegraphy, the art in this country has remained prac-
tically in the hands of men. On the other hand, te-
lephony, with its simpler, narrower range of work to
be performed at the central office, has provided op-
portunity for a large number of young girls at a low
rate of pay, comparing in this respect with the factory
system. The duties performed in a telephone ex-
change are, however, much more varied than those
connected with watching mere machinery, as behind
each telephone instrument lies the varying personality

of the subscribers, and in addition to this the large ex-

changes, by their short hours and agreeable surround-
ings, have made the employment inviting to many
young women of education whom the wages would not
otherwise attract. Moreover, opportunities of pre-
ferment are offered not only in the exchange, but

outside, owing to the evolution during late years of
the private branch exchange, which serves as a means
of intercommunication in large offices and other places,
while connecting also with the exterior public through
a miniature multiple switchboard. Positions in these
private exchanges at advanced wages have become
so numerous that in New York city at the time of
this report there were more operators thus employed
than were to be found in all the great exchanges of the
local telephone company. These private exchange
operators are not brought to account in the present
statistics, because they are not carried on the pay rolls
of the telephone exchange systems from which they
might be said to graduate. But they are obviously
a part of the great army of telephone employees, en-
abling the art to be carried on, and in any statistics of
operation they would naturally and properly be enu-
merated as telephone employees. It might be inci-
dentally noted that in a similar manner the private
telegraph operators, a numerous body, were not in-
cluded in Table 1 of Part I, and that in some instances
a male operator will be found serving both at the key
and at the telephone switchboard. All such private
exchange switchboards are, however, attended to by
the inspectors, linemen, troublemen, etc., enumerated
in Table 45, the upkeep of such boards being a small
part of the annual contract between the subscriber
and the local telephone company.

Statistics of employees and wages for all systems.—
Table 45 presents, by states and territories, detailed
statistics of employees and wages for all systems.
The aim of the inquiry concerning the number of
wage-earners was to ascertain the number required,
under normal conditions, to carry on the work of the
different systems, including all branches of the service.
Accordingly the average number employed during the
entire year was called for, but a number of the com-
mercial companies reported that some wage-earners
were engaged for only a portion of the time each day.

The average number reported for all commercial and
mutual systems, including the salaried officials, super-
intendents, clerks, operators, and wage-earners re-
quired on the line, and other equipment, was 78,752.
Practically all of these were employed by the com-
mercial companies, as shown also in Table 9. A
large number of the mutual companies reported
that the service was not sufficient to give constant

(49)
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employment to anyone, practically all of the repair
work being done by the patrons.

Of the total number, 14,124, or 17.9 per cent, were
salaried officials, general superintendents, and clerks,
and 64,628, or 82.1 per cent, were wage-earners. The
salaries and wages paid during the entire year amounted
to $36,255,621, of which the salaries formed $9,885,886,
or 27.3 per cent, and the wages, $26,369,735, or 72.7 per
cent.

In many instances one employee—reported some-
times as an exchange manager, sometimes as a line-
man—was engaged at a specified annual compensation
to care for an entire exchange, keep the line in repair,
and perform all duties incident to its operation. In
such cases no operators were reported, as members of
the family of’ the employee attended to the switch-
board. This practice was followed in many mutual
systems, and was in use also in some small commercial
companies. In the smaller systems the same em-
ployee performed the duties of a foreman, inspector,
lineman, wireman, batteryman, and troubleman—in
fact, attended to the entire plant; therefore the segre-
gation of employees by classes presented in Table 45
can not be accepted as showing the exact average
number required for each class.

It should also be noted that of the operators no
fewer than 37,333 were women and only 2,525 were
men, the former receiving $10,035,432 in wages and
the latter $729,666. It is evident, therefore, that these
women operators in the exchanges constituted more
than half the total average number of wage-earners in
the whole industry. The moderate rate of their pay
can be inferred from the total sum credited to them as
wages. .A slight difference as to income is shown in
favor of men operators, but this might well be due to
the fact that in many exchanges the night work,
justifying a higher rate, is performed by the men.

Statistics for principal states.—A study of the sta-
tistics by states and territories shows that the number
of employees and their salaries and wages follow in due
proportion the figures as to income and expenses and
also throws light on the size of the exchange systems.
Thus the 4,151 systems reporting had 14,124 salaried
officials, clerks, etc., and 64,628 wage-earners, an
average of 3.4 and 15.6, respectively. From these
averages there were wide variations. Thus Massa-
chusetts, with 10 systems, reported 1,155 officials, or
an average of 115.5, and 3,524 wage-earners, or an
average of 352.4. In lowa, however, the 411 systems
had only 341 salaried officials, clerks, etc., and 1,909
wage-carners, revealing the presence of a number of
very small syvstems in which the operator would
suffice for most executive functions.
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about 9 and 29 persystem. Next came Pennsylvania,
with 1,475 and 6,682, closely followed by Illinois, with
1,415and 6,066. While Pennsylvania had only 97 sys-
tems, Illinois had no fewer than 381, and thus showed
much less concentration of executive duties. Ohio,
with 285 systems, had 809 salaried officials, clerks, etc.,
and 5,469 wage-earners, showing that much still re-
mained to be done with regard to unification or cen-
tralization of management. The same is true of
Indiana, with 366 systems, 476 salaried officials, clerks,
etc., and 2,860 wage-earners.

Such figures as those for Iowa, Ohio, and Indiana,
centers of the independent movement, bring out
clearly the extent to which exchanges still stood sepa-
rate and alone, and this condition is brought out even
more clearly by reference to Table 6, which sum-
marizes the statistics of the Bell and the independent
systems. For the vast Bell network there were only
44 systems, with 10,341 salaried officials, clerks, etc.,
and 46,064 wage-earners, or 235 and 1,047, respec-
tively, per system. As compared with this, the 4,107
independent systems had 3,783 salaried officials,
clerks, etc., and 18,564 wage-earners, or an average
per system of less than 1 official and 4.5 wage-
earners.

Statistics of commercial systems.—The 3,157 com-
mercial systems reported the great majority of salaried
officials, clerks, etc., and wage-earners, employing of
the former class, as shown in Table 9, no fewer than
13,958 out of the 14,124 and of the latter 63,630 out of
a total of 64,628. To these employees $9,871,596 was
paid in salaries and $26,206,065 in wages. The distri-
bution of these numbers and amounts followed so
closely that for all systems as to need no turther
analysis or discussion. '

Statistics of mutual systems.—There were reported
994 mutual systems. Such systems are not, in prin-
ciple, operated for revenue, and as a general thing
require very few paid officials or wage-earners of any
kind. It appears, however, that in 1902 the 994 sys-
tems enumerated had 166 salaried officials, clerks, etc.,
drawing $14,290 in salaries, and 998 wage-earners,
receiving $163,670. In only 30 states and territories
were the figures large enough to be tabulated sepa-
rately, and over half of the systems were reported from 4
states—Ilowa, with 170; Illinois, with 138; Indiana, with
105; and Missouri, with 90. These 4 states had 92 of
the salaried officials, clerks, etc., and 648 of the wage-
earners. The largest number of wage-earners in any
state (184) was in Jowa, but that state had only 9 of
the salaried officials, clerks, ete.

The welfare of telephone operators.—For many years

" it has been recognized that operators’ work in tele-

New York state had the largest telephone force,
namely, 2,318 salaried officials, clerks, etc., and 7,765 © It has been demonstrated beyond all doubt that the
wage-earners, attached to 267 systems, or, respectively, i work of operating is better handled by women than by

phone exchanges attracts a superior class of women.
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men or boys and that trained and well-bred women -

operators perform the most satisfactory service.
This has resulted in gathering into the exchanges
throughout the country young women above the aver-
age in ability and ambition. From an early day the
telephone companies in the United States have been
alive to the importance of securing and retaining this
quality of labor, and have appreciated the desirability
of providing something more than the required salaries
in the way of generally looking out for the welfare of
their operators.

As long as twenty years ago it was generally the
practice in exchanges in large cities to provide com-
fortable rest and retiring rooms, and some portions of a
luncheon, properly supervised by a matron in charge.
Latterly, in many exchanges, the companies have
undertaken to furnish the entire lunch and to sell it at
cost to the operators, while in at least two of the
larger cities the companies have for several years been
furnishing the lunch entirely at their own cost. The
effect on a large working force of providing ample cloak-
room facilities, with well-ventilated lockers, good rest
and reading rooms, and a hearty meal has been apparent
in the better health of the operators employed.

Some three or four years ago, and continuing since,
in one large local system an effort was made to go some-
what beyond these matters of physical comfort and to

endeavor to secure the interest of the operators '

throughout the force, not only in their work in hand,
but in some one or more matters of interest outside of
the actual work they perform for the company. In
this exchange a lecturer was at one time employed to
deliver addresses on accuracy #dnd on the general
development of accurate methods. This was followed
by furnishing scrapbooks, in addition to the other
reading matter regularly furnished, containing material

having a special bearing on accuracy and general

improvement. Then opportunity was given in each
exchange for operators to make up scrapbooks them-
selves, and upon a competitive basis the best two
were to receive appropriate prizes. The books thus
compiled were of unusual interest and indicated no
inconsiderable talent throughout the force. When
the prizes, which were money, were awarded, it was
determined by a vote of the operators of the respective
exchanges that the sums be invested in books and that

libraries be established. The company responded by

furnishing accommodations for libraries, and by an
offer not only thus to provide for the two exchanges in
question but to duplicate in other exchanges any
amounts which might be subscribed for library pur-
poses. The result has been to establish excellent circu-
lating libraries in eleven of the fourteen city exchanges,
so arranged that each of the three remaining exchanges
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is a branch of the public library in the city, where books
are regularly delivered. In a number of exchanges
reading clubs have been established. In others, where
opportunity offers, each year a garden is established
and maintained and interest is shown by the operators
in assisting to plant and care not only for the flower
garden but in one or two instances for vegetable
gardens, the crops of which are enjoyed throughout
the summer season. ‘

In one local system a scheme of rating has been estab-
lished, based upon a number of service tests which are
made each month, and from which is determined the
relative standing of each of the fourteen offices. Each
month those ranking first and second in the list are
given prizes, usually in the form of pictures, each of
which is duly inscribed as a prize for the work, and at
the same time some book or pamphlet giving informa-
tion concerning the painting or artist is distributed.

In one exchange support has been given to a women's
athletic club in the neighborhood, and classes for even-
ing instruction in the gymnasium have been joined by
a considerable number of the operators.

Recently a plan has been carried out whereby the
force of operators is recruited by the efforts of those
already in the company's employ, and a premium in
money is given for each applicant recommended who
remains in the operating training school a period of
two weeks. An additional sum is paid when the
applicant has graduated and has remained on the oper-
ating force for a period of three months. The general
desire has been to give to the operator who may be so
inclined an opportunity to join in the work of self-
betterment and to think and work along the lines fol-
lowed by operators who may be about her. The results
seem to show that such a community of interest may
be established and maintained with desirable results.

In the training schools for operators applicants are
examined with care to determine whether they are
likely to develop the high standard of efficiency
required throughout the force, part of the examination
being made by a qualified physician.

To an intelligent person there are few branches of
work that are of more continued interest than tele-
phone operating. The handling of each call presents
something new in itself. It may almost be said that
no two operations are exactly alike, and the guiding
hand that makes possible the thousands or even mil-
lions of combinations of lines has a most interesting
task to perform. This continual feature of interest
relieves the work from all drudgery and attracts to it
a high grade of intelligence. Welfare work among
such a class of employees, therefore, is not only a
grateful task but one that is appreciated to an unusual
extent.



CHAPTER X.
DEVELOPMENT OF THE MESSAGE RATE PLAN IN NEW YORK CITY.!

Although Alexander Graham Bell’s invention, the |
speaking telephone, was introduced to the world at ' first telephone exchange in great cities, the flat rate

the Centennial Exhibition in Philadelphia in 1876, it
was not until 1878 that a telephone exchange was
established and opened to the public for general serv-
ice. It has been well said by one identified closely
from the very beginning with the remarkable develop-
ment of the telephone in all its varied applications and
uses that ‘‘while it is the telephone that has made the
telephone exchange possible, it is the exchange that
has made the telephone indispensable.”

To gain a true idea of what is meant by telephone
service in a great city, it should be borne in mind that
such service involves the use of a complex physical

plant made up of numerous and expensive parts dis- -

tributed over a wide area, and the performance of
labor by an army of people, each highly skilled in
some particular branch of the work.

From time to time radical changes in conditions
have taken place, and these have controlled the evolu-
tion of the rate plan. In considering the rates in force
at any given time the then existing conditions must
be clearly borne in mind.

In the early days it was the custom to charge a fixed
annual rental per telephone, regardless of the amount
of service to be rendered the subscriber; that is,
regardless of the additional labor and of the additional
plant which might be required in other parts of the
system, growing out of the increasing use which the
subscriber might make of his telephone. This method
of charging is now known as the ‘‘flat rate’’ system.
That it should have been adopted by the pioneers in
the telephone industry is not surprising, for during the
first stages of development the telephone exchange
served but a small number of subscribers in a restricted
area, the vast and complicated and expensive provi-
sion of lines and equipment which are to-day necessary
to handle the traffic of a great city was not then
required, and within reasonable limits there was sub-
stantial uniformity in the use of the service by the
various subscribers. Even to-day, where the tele-
phone exchange consists of one central office and
where the staticns to be served are numbered by

hundreds rather than thousands, the flat rate method !

of charging is found to apply with few exceptions. To

meet the conditions surrounding the operation of the

may be said to have been reasonable and best calcu-
lated to develop the industry.

Farly service and rates.—For several years following
1878, when the work of conducting a telephone ex-
change as a commercial undertaking was begun in

- New York city, the telephone exchange system was

confined to the lower end of Manhattan Island. The
area actually covered was small. The limited num-
ber of correspondents which it was possible for one to
reach restricted the use of the telephone, and, more-
over, measured by later standards, the service was
slow and performed cheaply.

At the beginning, and for some sixteen years after,
the flat rate system was the only method of charging
for the service, but the rates were not wholly without
classification. Lower rates were available at resi-
dences than at business places; the charge was higher
to a subscriber who required the exclusive use of the
wire which connected his telephone to the central
office than to one who shared the use of the wire
with one or more other subscribers; subscribers re-
mote from the central office paid extra charges, vary-
ing with the length of wire required, and when a
double wire, or ‘“metallic circuit,” was required, an
additional charge was imposed. Thus there was a
scale of graduated charges, varying with the char-
acter of the facilities provided, the length of line
required, and the amount of service rendered, so far
as, that was determined, so to speak, by the poten-
tiality of the telephone; that is, whether it was at a
residence or a place of business.

With an expanding area over which exchange tele-
phone service must be rendered, and a consequent
increase in the average length of line, affecting both
investment and working expense, and with an increas-
ing volume of traffic per station, due to the constantly
enlarging potentiality of each telephone through the
addition of new subscribers, the costs per telephone
were found to increase. In consequence the rate for
a business telephone on a direct or individual line,
which at the outset was 860 per year, was advanced
until it reached $150 per year. The residence rate
was two-thirds of the business rate, and a discount

} Prepared from data supplied by Mr. U. N. Bethell, vice president and general manager of the New York Telephone Company.
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of 25 per cent was allowed to the subscriber having
telephones at both his place of business and his
residence.

Metallic circuit introduced.—In 1887 the New York
Telephone Company, or more properly the Metro-
politan Telephone and Telegraph Company, the com-
pany then operating the system in New York city,
began to introduce the ‘‘metallic circuit” system.
This marked an epoch in the development of the
telephone in America. Prior to this time, and fol-
lowing the practice of the telegraph companies, the
telephone line, whether extending between two tele-
phone offices or from the telephone office to the sub-
seriber’s station, consisted of one wire which, after
passing through the instrument at each end, con-
nected with the ground, which served the purpose of
a return circuit. It was found that when a number
of these single wires were strung together upon poles
for any substantial distance, and even though sepa-
rated by distances as great as a foot or more, con-
versation taking place upon one wire could plainly be
heard upon those in the neighborhood. This was
found to be true even if the wires were insulated in
the highest degree known to the art. Also the opera-
tion of electric railroad and electric light circuits
produced in the single wire telephone system buzzing
noises, which at times rendered conversation well-nigh
impossible.

After years of experimentation and the expenditure
of large sums of money, it was found that these diffi-

- culties could not be overcome without the use of a
second wire for each circuit. It was also found that
this second wire must be run in a special relation to
the first wire, and that both of the wires constituting
a given circuit must be placed in predetermined
relation to the neighboring circuits.

fhe introduction of the metallic circuit system
meant not only the complete reconstruction of the
entire line plant, both overhead and underground,
but also the replacement of all the central office switch-
boards with apparatus designed to meet the new con-
ditions as well as the substitution of the now well-
known ‘‘long distance’ telephone in place of the old
type at all subscribers’ premises. In June, 1889,
when this work was in progress, there were about
8,000 telephone stations in the old New York city,
served by five central offices, located, respectively, in
Cortlandt street, Spring street, Eighteenth street,
Thirty-eighth street, and One hundred and twenty-
fifth street. All of these offices were in the present
borough of Manhattan. There was then no central
office in the whole of the great area now known as
the borough of the Bronx. The population of New
York, which at that time included that portion of the
metropolitan territory now known as Manhattan and
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most of the present borough of the Bronx, was about
1,200,000, and the ratio of stations to population
about 1 to 150. During the following five years prac-
tically the entire system was changed to the metallic
circuit basis, and there was a moderate increase in
the number of telephones, making the total on June 1,
1894, 11,054, or about 1 to every 136 of the popula-
tion, then approximately 1,500,000. During these
five years four additional central offices were opened
in Manhattan—at Broad street, Franklin street,
Columbus avenue, and Seventy-ninth street—and a
very small office known as Tremont was opened in
the district now known as the Bronx. Prior to the
opening of the Tremont office telephones located in
the Bronx were connected with the Harlem exchange
on One hundred and twenty-fifth street.

The greater investment and the greater cost of
maintaining the new and greatly improved system
necessitated a readjustment of rates. The flat rate
principle was adhered to and rates were fixed as
follows:

Business, direct line........_...............

$240 per year.
Business, two-party line.........._.......... 150 per year.
Residence, direct line. .. .......... ... .. 180 per year.
Residence, two-party line....... ... .. ... 125 per year.

First message rates.—By 1894 the reconstruction on a
metallic circuit basis was practically completed; 76 per
cent of the subscribers had taken the improved serv-
ice and it was felt that the changing of the remainder
was only a matter of time. The plant being in excel-
lent condition and the facilities greatly increased,
attention was directed to extending the use of the
service by securing new subscribers. It was evident
that in order to accomplish this a new rate schedule
must be adopted involving new methods of charging
for the service. A plan by which the number of mes-
sages to be sent should be taken as the basis of the
rate was seriously considered. As early as 1888 a
commission of the legislature of the state of New
York, commonly known as the Ainsworth committee,
after investigating telephone conditions throughout
the state, commended the message rate plan as fair
and equitable and as having many marked advan-
tages to both customer and company over the flat
rate. In the early eighties a message rate system was
introduced in Buffalo, where it is still in force, and in
one or two other localities early experiments were
made with message rates, but New York was of such
size and physical conformation that the experience of
these other places furnished no adequate basis upon
which to deal with the complexities of the problem.
Finally, after the most careful consideration, it was
decided to introduce the message rate plan tenta-
tively in the endeavor to bring telephone service
within the reach of the small user, and also to give
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relief to subscribers who, although their use was

small, were paying the same rate as that at which

service was furnished to large users.

The first message rate schedule was put into effect
on June 1, 1894. Under this schedule the minimum
rate for direct line service was $150 for 1,000 local
messages. The rate for 1,200 messages was $166 and
for 2,400 messages, $240. For an extension station
located on the premises where the original station was
installed the charge was made $24, as against $36
under the flat rate schedule, all messages to be con-
sidered as though sent from the main station. For a
party line service the new schedule provided a mini-

mum rate of $100 for not more than 700 local mes-

sages. In this first Manhattan schedule a ‘‘local
message’’ was a message to any point on Manhattan
Island south of One hundred and tenth street. This
was soon modified to include the present local area,
that is, the whole of Manhattan Island, constituting,
as it does, the entire borough of that name. The old
flat rate of $240, with a rate of $36 for an extension

station, was continued for those who preferred it to
" the message rate plan, but as a matter of fact a great
many subscribers gave up their old contracts when
they found that they could get their service at less
cost under the new schedule.

The five years from June 1, 1894, to June 1, 1899,
constituted what might be called the experimental
period for the message rate, as during these years the
message rate plan was given its first real test in a
large city. Theoretically the message rate principle
seemed sound and the idea of charging according
to use fair and reasonable, but it had never been
applied to an extent which would form any prece-

TELEPHONES AND TELEGRAPHS.

Early schedules provided for quarterly payments in
advance, but this plan was ultimately superseded
by one providing for monthly payments. The vearly
settlement idea has always been followed—that is to
say, adjustments with subscribers have been based
on the number of messages sent during the contract
year, without regard to the distribution of the usage
between the several months.

Reductions in message rate schedules.—It was for
the benefit of the small user that the June 1, 1894,
schedule was adopted. In the following November
a direct line rate of $120 for 700 local messages was
introduced, with a party line rate of $80 for 500 mes-
sages. In March, 1895, the number of messages at
the $120 rate was increased from 700 to 1,000, the
rate for 1,200 messages decreased from $166 to $132,

© and the rate for 2,400 messages from $240 to $195.

dent for New York, and it was necessary to feel

the way, changing and meodifying the schedules as
warranted by experience.

Features of message rate plan.—At this point it may
be well to mention a few of the features ot the message

rate plan in New York city that have persisted with
slight changes, through the various schedules, from
those first adopted up to the present time.
are based on a sliding scale, according to the number
of messages which the subscriber estimates he will
send in a year. Provision is made in all contracts for
a refund to the subscriber when the number of mes-
sages sent by him in the year has been less than the
number for which he has paid. The adjustment is
made by charging the subscriber at the schedule rate
for the actual number used, not less in any case than
the minimum rate for the class of service involved,
and rebating the difference between that amount and
the amount which he has already paid. In several
schedules slightly lower rates at certain points in the
schedule were offered the subscriber on his agreeing
to waive any rebate for unused messages, but this special
plan never became popular and was soon abandoned.

The rates .

On May 1, 1895, rates of $90 for 600 local messages
on a direct line and $75 for 600 local messages on a
two-party line were adopted. Following the adoption
of these schedules the number of stations increased
rapidly.

On July 1, 1897, further changes were made at
various points in the schedule, but the minimum rate
for direct line service stood at $90 until April 20, 1899.
On that date new business schedules were adopted,
beginning at $75 for 600 messages and ending at $228
for 4,500 messages on a direct line; and beginning at
$60 for 600 messages and ending at $135 for 1,800
messages on a two-party line. Under these schedules
the rate for an extension station was reduced from -
$24 to $12 per year, both on business and residence
lines. No extension stations, however, were installed
in connection with party lines. These schedules re-
mained in force until May 1, 1905. '

During the first five years of the message rate
period—that is to say, from June 1, 1894, to June 1,
1899—the number of stations in Manhattan and the
Bronx, which territory is practically identical with
the old New York, had increased to 31,241, a gain
for the period of 21,176. The population in the mean-
time had increased to about 2,000,000, making the
ratio of telephones to population 1 to 64, as against
1 to 136 at the time the message rate was introduced.

There was a gain of nearly 200 per cent in the num-
ber of telephone stations during the first five years
after the message rate plan was adopted, and at the
end of that time only 10 per cent of the total number
of telephones in service were on a flat rate basis.
The growth of the system since 1899 has been even
more rapid, as will be seen by tables on page 60, and
the percentage of flat rate stations has continuously
decreased, until now it is quite insignificant.

Rates in local areas—borough of the Bronx.—In
working out the problem of adapting the charges for
telephone service, and the service itself, to the means
and requirements of the various users in particular
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localities, it was early recognized that a community
which has a fairly self-contained business and social

life can best be served by a local rate covering service

within the locality, even though the community
politically be part of a larger civic organization.
With this in view, a separate local schedule for the
territory north of One hundred and thirty-eighth
street was adopted in June, 1895. By this schedule
local rates of $65 for 500 messages over a direct line,
$50 for 500 messages over a two-party line, and $40
for 500 messages over a three-party line, were
introduced.

When Greater New York was formed, on January 1,
1898, and the territory north of the Harlem river was
made the borough of the Bronx, a schedule of local
Bronx rates was put in force, beginning at $50 for 500
messages on a direct line, and $40 for 500 messages
on a two-party line. Later, on May 1, 1899, these rates
were changed to $48 for 500 messages over a direct
line, and to $39 for 500 messages over a two-party line.
For the benefit of those who desired service over both
boroughs—Manhattan and the Bronx—a two-borough
rate was offered ot $90 for 600 messages over a direct
line. There was very little demand for this service,
however, and it was subsequently withdrawn.

With the development of the Bronx borough, other
rates were adopted, one being $30 per year for 400
messages to any part of the Bronx. With the rapid
growth of this territory and its division into 5 central
office districts, rates were offered for local service
within each of the exchange districts.

Residence rates.—At the outset all message rate
schedules applied alike to business places and resi-
dences. In November, 1901, a separate schedule was
adopted for service at residences, physicians’ and
nurses’ offices, and private stables. The schedule
began with the minimum rate of $66 for 600 messages
on a direct line, or $9 less than the business rate, and
$48 for 500 messages on a party line. It was felt

that the more general distribution of the traffic from |

residence stations throughout the twenty-four hours,
and the comparative freedom of this class of traffic
from the liability to the violent fluctuations in vol-
ume characteristic of the service in purely business
districts, justified this concession. This principle was
adhered to in formulating later schedules.

Private branch exchange service and rates.—The
growth of the telephone system in New York city has
been due largely to the development of ‘‘private
branch exchanges.” Such an exchange consists of a
central office switchboard located on the subscriber’s
premises, into which are brought the lines from the
central office of the telephone company, as-well as
those connected to telephones in the various offices
and departments of the establishment.

The telephone user abhors the ‘‘busy” line, but
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before the perfection of the private branch exchange
this was the chronic condition of the line, or lines, of
many large users. Under the flat rate system, when
a subscriber was convinced that one line was not suf-
ficient to handle his traffic, a second line was put in,
and in some instances a third, but a mere multiplica-
tion of lines offered only a partial remedy.

If a large concern had three lines, they were apt to
be distributed among different departments and in
locations on the premises widely separated. If the
manager was wanted, and his line on the first floor
was ‘‘busy,” a call was sent over one of the other lines

+ and that, of course, necessitated the sending of a mes-

senger for the person called, who in responding was
required to make a trip to another part of the build-
ing. This system was clumsy, dilatory, and unsat-
isfactory. It squandered the time of the subscriber
and of his employee, and it was equally wasteful of
the time of the employees of the telephone company.

The need for a method of telephone service by which
incoming and outgoing messages could be handled
simultaneously in large numbers, and by which at the
same time the various departments or rooms of large
establishments could be given an intercommunicating
telephone service, brought about the development of
the private branch exchange telephone system.

In recent years the private branch exchange has
come into such general use that it needs no extended
description. At first confined to the large offices
downtown, as time went on its utility in any large
establishment became so apparent that it has grown to
be the standard method of furnishing telephone service
where the amount of telephoneé traffic to be handled
is beyond the capacity of a single circuit.

At the time of the introduction of the message rate
plan in New York city, private branch exchange serv-
ice was also passing through its experimental period,
and on July 1, 1894, this service was offered to the
public on a message rate basis. The schedule began
at a minimum rate of $333, which included the instal-
lation of a local switchboard, two central office lines,
two telephones, and 4,000 messages in a year. Addi-
tional lines to the central office were at the rate of $36
a year each, and additional telephones connected to
the subscriber’s switchboard, $24 a year each. Local
messages above the first 4,000, if contracted for in
advance, were charged for at the rate of 3 cents each;
if not contracted for in advance, the rate was 5 cents
each.

On May 1, 1898, the rate for telephones connected
to the subscriber’s switchboard was reduced to $12
per annum. On May 1, 1901, the minimum rate was
reduced to $240, covering, as before, the equipment
of a switchboard, two lines, and two telephones, but
with a reduction in the minimum number of messages
from 4,000 to 3,600. The rate per message over
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the 3,600, when contracted for in advance, remained |
at 3 cents, but the 5-cent rate for messages not con- |
tracted for in advance was reduced to 4 cents. |

On June 1, 1905, there were in use 6,637 private |
branch exchanges in Manhattan and the Bronx alone,
with 17,704 central office lines, furnishing service for |
67,076 stations. Since that date the number of tele-
phones served by private branch exchanges has grown l
to over 70,000. The installations vary from the small |
switchboard, with two lines to the central office and
two telephones on the subscriber’s premises, to large
systems, such as that of the Waldorf-Astoria, with its
1,200 telephones, which would be a fair installation
for many a small city. Large concerns having offices
in various parts of the city have unified their systems
by connecting, by means of ‘“‘tie lines,”” the switch-
boards located in each of their various establishments.

Without the message rate schedule this private
branch exchange development would have been im-
possible. Private branch exchanges are installed
under different conditions in nearly every instance.
In one system, where the service is used more for in-
terior intercommunicating purposes than for general
exchange purposes, there may be a demand for a large
amount of equipment with a proportionately small
amount of traffic. In another instance, although the
equipment may be limited, the number of messages
actually sent and received may run into the hundreds
of thousands.

It is readily seen that a flat rate plan would not be
flexible enough to cover adequately the widely fluc-
tuating conditions which obtain in the application of
the private branch exchange service that has con-
tributed so largely to the rapid and great development
of the telephone business in New York city.

Pay stations.—With the adoption of the message
rate schedule, in 1894, and the effort to place its service
within the reach of everyone desiring to use it, pro- |
vision was made for the convenience of the casual
user. ‘‘Pay stations,’as they are commonly called,
were installed in great numbers, the object being to
cover the field in an adequate manner. No guarantee
was required on the part of the subscriber other than
that the receipts, less a commission, be remitted
monthly to the company.

Message rate subscribers were also encouraged to
allow a public use of their telephones, and pay station
signs were furnished to these subscribers. There are
now in service in Manhattan and the Bronx over 13,000
public stations displaying pay stationsigns.  So thickly
are they dotted over Manhattan Island that wher-
ever one finds himself it is only necessary to take a
few steps in order to reach a public telephone. It is
needless to say that this service has been of the utmost
benefit to the public at large, and it is one of the
features of the telephone system of New York which
is very generally appreciated.

TELEPHONES AND TELEGRAPHS.

At the railroad stations and hotels and in the cor-
ridors of large office buildings where the managers
or proprietors do not arrange for sufficient telephone
equipment to cater satisfactoriy to the public at
large the service has been supplied by the company
itself in a very liberal way. Space has been rented,
and the latest and best equipment, with small swntch-
boards, sound-proof booths, ete., has been installed,
and competent attendants are placed in charge.

In the early days the charge for a local message
within the borough of Manhattan at a pay station was
15 cents, but in June, 1898, the rate was reduced to
10 cents.

Rates in Brooklyn, Queens, and Richmond boroughs.—
Preceding paragraphs have dealt with the rates and con-
ditions in the boroughs of Manhattan and the Bronx,
the territory operated by the New York Telephone
Company. The telephone systems of the boroughs
of Brooklyn, Queens, and Richmond, which comprise
the territory brought into New York city, or Greater
New York, by the consolidation on January 1, 1898,
have always been and still are operated by the New
York and New Jersey Telephone Company.

In the urban portion of the borough of Brooklyn
(the old city of Brooklyn) the introduction of the
message rate came at the same time as in the boroughs
of Manhattan and the Bronx, and the subsequent
development of the rates has been practically iden-
tical with that in old New York. The borough of
Richmond and certain portions of other boroughs
differ widely in character from the areas in which
message rates were introduced. Although a part of
Greater New York, certain sections are far removed
from the active business center and development has
been principally of a residential nature. Before the
territory came into Greater New York each of the
small communities scattered throughout the city had
its own political as well as social life. In these small
places local flat rates were in force. Although these
communities have grown in population and importance
and have bhecome part of a larger political organiza-
tion, their interests remain largely local. As these
communities are not large, as the telephone develop-
ment has been principally in the direction of residence
service, and as in each of them a small exchange
is able to handle the traffic adequately, the flat rates
have persisted, and with a few exceptions are in force
to-day. The rates in these communities vary with
the local conditions, and although based on the flat
rate principle, they are adjusted as far as possible to
meet the requirements of the user, separate schedules
being in force for residence and for business service,
and party line service being furnished at a considera-
bly lower rate than that charged for a direct line
service.

In ten ycars the telephone development in the
boroughs of Brooklyn, Queens, and Richmond has



MESSAGE RATE PLAN IN NEW YORK CITY.

increased over 600 per cent, the greater part of this
growth occurring in the urban territory of Brooklyn.
Under the present message rate, service is furnished in
this borough at $54 a year for direct_line business
service and $42 for party line business service. Resi-
dence service is furnished at $51 for a direct line, with
a party line rate of $36, the number of messages at the
minimum rate in each instance being 600. In this
borough flat rates for residence service are also offered.
The flat rates already mentioned as in effect in the
small localities are in most cases $48 for direct line
business service, $36 for direct line residence service,
$36 for business party line service, and $24 for resi-
dence party line service. ,

Present conditions and growth since adoption of mes-
sage rate.—When, on June 1, 1894, the message rate
was introduced, the New York Telephone Company
had in its territory, which is practically identical with
what is now known as Manhattan and the Bronx,
11,054 telephone stations in operation. The New York
and New Jersey Telephone Company at that time was
operating about 6,000 stations in the territory now
comprised by the boroughs of Brooklyn, Queens, and
Richmond.

On June 1, 1905, eleven years later, there were in
service and under contract in Manhattan and the
Bronx 164,396 stations. The population of these two
boroughs was estimated at this time at 2,400,000,
making the ratio of telephones to population 1 to 14,
as against 1 to 136 at the beginning of the message
rate period. The number of stations in service and
under contract in the boroughs of Brooklyn, Queens,
and Richmond on June 1, 1905, was over 50,000.
Therefore the total number of stations for the five
boroughs, the estimated population of which was
4,000,000, was over 214,000, and the ratio of telephones
to population throughout Greater New York was 1 to
every 18 persons.

On June 1, 1905, 90 per cent of the telephones in the
borough of Brooklyn were on the message rate basis.
In the borough of Manhattan, where, as has been seen,
the number of telephones had increased in the eleven
years since the introduction of the message rate from
about 11,000 to nearly 160,000, only one-half of 1 per
cent were on the old flat rate basis. To be exact, on
June 1, 1905, only 858 stations remained under the old
type of unlimited service, or flat rate contract.

In the development of the telephone service in New
York city many difficult problems have been encoun-
tered. The problem of making rates has been one of
great complexity. The aim has been to make the
service broadly comprehensive, and to accomplish this
the conditions prevailing in each of the various parts
of the city and the relations between these various
parts have been taken into account. It will be seen
by the following tables that a large variety of rates are
offered, and that while in certain sections flat rates for
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service in a local area are alone proper, the message
rate plan has proved itself the only possible solution
of the problem for the great, densely populated bor-
oughs. Present rates in New York city are as follows:

BOROUGH OF MANHATTAN.

Business rates, direct line only.

i

: Number of Number of ‘

1 local mes- Additional local mes- ' Additional
sages to be .Amgal local mes- sages to be A:;’:L_“al local mes-
sent in sages. sent in . sages.
one year. one year.
Dollars. Cents. Dollars. Cents.
600 60 6 3,000 159 5
800 69 6 3,300 168 - 5
1,000 8 6 3,600 177 5
1,200 87 6 3,900 186 5
1,500 99 6 ‘ 4,200 195 5
1,800 111 6 4,500 204 5
2,100 123 6 4,800 213 5
2,400 135 6 | 5100 22 5
2,700 147 6 5,400 231 S
I
Residence ratea.
Number of
local mes- Direct | Party line, Additional
sages tobe | line, an- annual local mes-
sent in | nual rate. rate. sages.
one year.
600 6
© 800 6
1,000 6
1,200 6
1,500 6
1,800 6
' 2,100 6
2,400 6
2,700 6
3,000 5
Private branch crchange rates.
Annual
rate.

Minimum equipment, consisting of switchboard with operating tele-
{)hone ,two lines to central office, t wo telephone stations,and the right

o send 3,600 local messages in one year $216
Additional lines,each......... ..o il 24
Additional stations:

First 20,each...............cooiiiis 9
Above 20, eaCh. ... .. e 6

Stations off the premises will be charged for at above mtcs plusa
charge for mtleage based on the actual length of circuit required.
Additional messagus when contracted for in advance in lots of 400,
3 lg)er hundred.
cess mesgages, 4 cents each.

BOROUGH OF THE RRONX.

Business message rates.

Numberof '
local mes- Direct Party line, Additional
sagestobe  line, an- annual : local mes-
sent in nual rate. rate. Sages.
one year.
Dollars. ! Dollars. | Cents.
600 48 39 5
800 57 8 | 5
1,000 > 5
1,200 5
1,500 5
1,800 5
2,100 5
2,400 5
2,700 5
3,000 5
3,300 5
3,600 5
3,900 5
4,200 5
4,500 5
4,800 5
5,100 5
\ 5,400 5
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Residence message rates.

| 1
Number of
local mes- Direct Party line, | Additional
sages tobe | line, an- annual | local mes-
sent in | nual rate.
one year. '
. Dollars. Dollars. l Cents.
500 39 30 5
600 42 ‘ 5
800 48 5
1,000 54 5
1,200 60 5
1,400 66 5
1,600 72 5
1,800 78 5
2,000 84 5
2,200 90 5
2,400 96 5
2,600 102 5
2,800 108 5
3,000 114 5

Flat rates—for service in one erchange only.

(Business.)

Direct Party
line. line.
|
In Kingsbridge, Williamsbridge, Westchester,or City Island.’ $48 336
- _ 1
(Residence.)
|
Two- | Four-
Direct
party arty
‘ line. line. I Hine:
In Melrose-Tremont ‘ $48 $39 $30
Inotherdistricts....................... 3 30 ‘ 24

( Toll gertice.)

The rate for messages from a station covered by a contract at Ahy of the rates
named above to a station connected with another exchange in the Bronx, 5 cents
each. (Melrose-Tremont to be considered as one exchange.)

( Manhattan service for a station located in the Melrose diatrict.)

Any subscriber who has a listed ‘*Melrose’’ station may contract for a station
to be connected with the nearest Manhattan exchange at the regular Manhattan
schedule, plus a mileage charge of $18 per annum. When there is no listed ¢* Mel-
rose’’ station, the subseriber may contract for Manhattan service under this
rule, but in that case the Manhattan station will not be listed.

A station auxiliary to such a station will be furnished at the Manhattan aux-
liary line rate, plus $18 per annum.

Pricvate branch exchange rates.

Annual
rate.
Minimum equipment, consisting of switchboard with operating tele-
phone, two lines to central office, two telephone stations, and the
right to send 2,400 local messages in one year &150

Additional lines,each..................... . I8
Additional stations, each
Additional messages, when contracted for in advance in lots of 400,
$3 per hundred.
Excess messages, 4 cents each.
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BOROUGH OF BROOKLYN.

[Local service within the territory comprising the following central office districts:
Main, Bay Ridge, Bedford, Bushwick, East New York, Flatbush, Greenpoint,
Hamllton, Prospect, South. and Wllllamsburg 1

. Business message rates.
Number of
local mes- | Direct line, Two-panv Additional
sages tobe| annual line, an- | local mes-
sent in one rate. nual rate. sages.
year.
Dollars. Dollars. Cents.
600 54 42 35
800 63 51 5
1,000 72 60 5
1,200 81 69 5
1,400 90 78 5
1,600 9 5
- |

Additional messages are aold in lots at $3 per hundred.
Single messages, 5 cents each

Residence flat rates.

Direct line, annual rate. ... ... ... il $60
Two-party line, annual rate..............oiiiiiiiiiiiiiiiiiiiiiaiaeieacnas 48

Residence message rates.

Number of
local mes- Four-party| Additional;"
sages to be |line, annual| local mes-
sent in one rate sages.
year. |
‘ Dollars. Cents
800 39 5

SMALL AREAS WITHIN NEW YORK CITY LIMITS.

[Local service within each of the following central office districts: Bath Beach,
Coney Island, Sheepshead Bay, Barren Island, Astoria, Newtown, Flushing,
Richmond llill Jamaica, Queens, Hammels, Far Rockaway, New I)orp, an
Tottenville.]

l Business, Residence.
- —_ —
_ Flat rate. ! ' Flat rate. |
‘ Direct. ' Party. I Direct. I Party.
| — - =
. £43 ]‘ 836 ! £36

$24 I
For local service within the following central office district:

TOMPKINSVILLE—WEST NEW BRIGHTON.

Business.
Direct line. . ..o o s ... $100

Residence.
DIrect line. . oo et eaaaaaaa.

| Two-party line. ..

| Four-party line
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Message rates.
?un}ber o Additi 1
ocal mes- ona
sages to be | Direct line. Twﬁ;";“ty local mes- |  Four-party line.
sent in one . sages
year.
! |
i Dollars Dollars. Cents.
600 5 | Guarantee $2.50 per
800 5 month in local
+ 1,000 5 messages, 5 cents
1,200 5 each.
1,500 5
1,800 5
2,100 5

Principal toll rates within New York city from subscribers’ stations.

From

From the

M“‘xg'_‘t' Bronx.

Cents. Cents.
Brooklyn. ... 10 15
BathBeach....... .. ... . i, i 15 20
Astoria. . ... i 10 15
Newtown............ et eeeeeeie e 10 15
Flushing.......... .. 15 15
Coney lsland... .. 15 20
S8heepshead Bay 15 20
Barren Island.... 20 20
Far Rockaway ... .. 20 20
Hammels.......... e 20 20
LAWEeNCO . ... ..0ttniitieieiiaaaeaaaen 20 20
Richmond Hill. . 15 15
amaica... 15 15
ueens....... 15 15
ompkinsville 15 20
West New Brighton 15 20
New Dorp. ..o e 15 20
Tottenville 20 20

Pay station rates, 5 cents additional in each case.

A comprehensive readjustment of telephone rates in
New York city, made in 1905, affected practically all
of the schedules throughout the city. This readjust-
ment, so far as the rates in Manhattan and the Bronx

were involved, was made in connection with an “In--

quiry into the Telephone Service and Rates in New
York City ” by the Merchants’ Association of that city,
acting through a special committee consisting of offi-
cers of the association and other representative busi-
ness men. After a thorough and exhaustive inquiry
the Merchants’ Associaticn published the results of its
work in a report dated June, 1905. The following
quotations from that report showed the views of the
association with respect to the gencral principles em-
bodied in the various rate schedules in force in New
York city:

A system which exacts an average uniform charge for widely varying
degrees of service is obviously inequitable to the public. The flat rate is
also harmful to the public in another way. Such a rate, comprehending
all classes of business users and based upon the average of wide extremes,
of necessity compels small users to pay a relatively higher rate than they
would pay under a graded rate based upon the cost of the service used by
them, and is therefore highly burdensome to such users, and presents a
formidable obstacle to the development of the telephone system. This con-
dition is of course detrimental to a telephone company as well as to its
patrons. Moreover, the effect of a flat rate is to increase the individual
use of the telephone equipment and the individual demand upon the
operating force, thereby increasing operating expenses without provid-
ing additional income. Under a flat rate system with a definitely
restricted income it is imperative that the tendency of operating ex-
penses to increase disproportionately by reason of unlimited calls be
counteracted. The necessary economy can only be effected at the
expense of efficiency.
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It is the opinion of this committee, therefore, that in large cities the
flat rate with unlimited service is based upon a fallacy, that it is ex-
tremely unjust to small users, favors large users unduly, impedes expan-
sion of the telephone business, tends to inefficient service, and that as a
financial proposition it is unsound:

The flat rate system, however, is quite suitable for small places. Ina
small system the conditions are fairly equal for all subscribers. The
amount of plant used and the amount of operating labor required by the
various subscribers show no extreme variations, and a flat rate meets the
circumstances quite fairly, while it avoids the extra work of registering
the meashges. * * *

A telephone station and collateral equipment represent a definite
capital outlay, and a continuous outlay for the maintenance of an operat-
ing stafl in readiness, irrespective of the number of calls made. The
message rate must provide for this fixed charge. If the calls are few,the
message rate should be relatively high. If the calls are many, the rate
should be relatively low. It is obvious, also, that a great volume of calls
further greatly reduces the pro rata operating expense, and therefore
warrants a gradually decreasing rate of charge.

Hence the general principle of a graded scale, beginning with a rela-
tively high maximum rate for small users, declining to a relatively low
minimum rate for large users.

The New York Telephone Company’s scale of charges is based upon
this equitable principle. Each subscriber pays only for the service
actually used by him, at a rate bearing a definite and just relation to the
cost of serving him. The equity of this system is obvious.

* * * In a large area embracing widely differing localities, in

_ various stages of development, whether or not they are in the same

municipality, the public interest, in the opinion of this committee, is
best served by the application of various rates to the various localities,
in such manner as to meet the peculiar requirements of each section or
locality, with an appropriate rate or plan of rates. This method of treat-
ment has been followed in Greater New York. Within New York there
ate many local districts where most of the traffic is local and, therefore,
does not involve general intercommunication with distant parts of the
city. Excluding such distant connections and considering only local
interchange, local service is on a basis of local cost and a moderate
charge is possible. Some of these localities are of such character, and
the variation in use among the various subscribers is so small that
flat rates for unlimited local service are proper and most advantageous to
the locality. ) .
* * * * *

In practice local rates are in use in each of the districts of New York
city, the rates varying with the conditions in the various districts; in
the outlying districts they are very materially less than are charged for
the wider service supplied in the central districts of Manhattan and
Brooklyn. In addition to the rates for local service an extra or toll rate
is charged for connection with other districts, thereby imposing an
extra rate only upon those who make use of the extra service.

The principle upon which this system of charging is based seems sound
and reasonable. In its application, however, there are inevitable
inequalities and some hardships to be borne by individual users, but
these are inherent in any zone system. Without most careful considera-
tion of the whole question of telephone rates as worked out and applied
in each section of the city, these extra charges for distant connections
may be considered irksome and unnecessary, but after mature considera-
tion, it is the opinion of this committee that while these charges should

. always be moderate, the principle of imposing them should be main-

tained, as it is believed to be sound and reasonable and in the best
interests of the telephone using public as a whole.

The figures given on page 60 show the growth in the
boroughs of Manhattan and the Bronx and in Greater
New York. These figures and the two illustrations
following show the division of the city into central office
districts and the number of telephones in each dis-
trict at the introduction of the message rate and at
the present time.

.
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Number of telephones in service. " Central offices and number of telephones in Greater New Y ork, January
’ = 1, 1905.
In the bor-
pughaor | JIn Xex ‘
JANUARY 1— Manhattan Greatery Dis- Number Dis- ' Number
and the New York) triet CENTRAL OFFICE. of tele- trict CENTRAL OFFICE. | of tele-
Bronx. No.} phones. No.! | phones.
IBBL oottt ozl BOROUGH OF MAN- . BOROUGH OF BROOK. '
BB, ..o ' N SRt HATTAN. . LYN—-continued. ‘
...................................................... ,
1898, ... ....... et e e ettt eaaeaaean | 23,046 31,474 Broad................ 11,418 !
1899 L | 28423 38,315 " Cortlandt. .. .11l 14,707 ' 32...| Bay Ridge........... 1,140
1900 | 10 437 590 ! John 0207 ... Flatbush........ 1,684
lml ...................................................... 54,63) ., 70,%3 . Fran.kil.n. ............. 7,97; 34“. East Ne“’ York. ) ]'273
..................................................... . X , 35, Bath Boach .. . 339
19020111 | e 91,006 Orchard..... 0110110 3,38 B O et Bay 1Tl 35
}% ...................................................... 13?,935.32 }Q,gé (S‘g:llgeu ............... é,gg "3 Coney Island . ... i 285
'19&5:::I::I::::f::?f::I:Z:::f:f::ﬁ::I::::::::I::::::f:::::‘ 144,353 180, 801 grz:!rlneréigff.'.'.'f.':::: 13:512 48...| Darren lsland........ 6
—_— -— — - _ - ...; Madison Square...... , 7
. \| Thirty-eighth street..; 15,203 ' i Total........... 31,775
Central offices and number of telephones in Greater New York, January .- gﬂ%ﬂbus ------------ ’7"% | BOROUGH OF QUEENS.
1, 1894. _--| Seventy-ninth street . 4'8061 B :
_ _ ,' . o .| Riverslde............. 9,352 l% ﬁ:‘é’&‘;ﬁ """"""" | gll
) 1 - o ....| Morningside. 8,251 | 41, Flushing. . | 674
Dis- Number | Dis- Number | 16...| Harlem_..... 4,127 | 5! Richmond iifil , 35
trict | CENTRAL OFFICE. of tele- | trict| CENTRAL OFFICE. ot tele- 17....] Highbridge........... 343 ;l 43,07 Jamaica..... 124
No.!? phones. | No.1 phones, Total 36,357 . - ¢ ueens.l... ‘ 22]?
- i T R ol 45, ammels. . )
BOROUGHS OF MAN- BOROUGH OF BROOK- | BOROUGH OF THE || 46.-.) Far Rockaway....... 2%
HATTAN AND THE LYN—continued. BRONX. Total 2 572
BRONX. bt Tetaleee \ 4
18....| Melrose............... 2,407 - S
v b b | morover or e |
1,38 C.egf ester. o i
1,073 2l....| City Island.. 47...) Tompkinsville........ C 1,081
1,288 2....| Kingsbridge. .. 194 | 48' | West New Brighton.. 693
, "320 2....| Willlamsbridge....... 187 | 49,2} New Dorp............ ‘ 90
%e:ﬁgg:nlnt % ‘ Total........... 4,204 | 50...! Tottenville........... 128
Tremont. . 10 I| 18... Astorla............... S = Lo,
Weostcheste 2 .. P PR 7 noaovmll-&r BROOK- i I i
: Total exchange
........... 9,627 Total........... 126 u..| M ; 7,0 \ stations, 5.
- ....| Greenpoint.... 1, roughs.....
BOROUGH OF BROOK- BOROUGH OF RICH 26....| Williamsburg. 3,930 Private line tel- ’
N. . 27.... lgamilton ..... 1,% ighonl;as, 5 3 901
11....| Brooklyn............. 1,847 || 20...| Tompkinsvyille. ....... u3 | ... prospect.... ) ‘ roughs. ... ,
12... | Greenpoint. . o 200 || 21.. ! West New Brighton. 123 ----| Bedford..... 4,083
13,7 Williamsburg. 1,185 ‘ 30....] Bushwick.." 218 . Total........... 180,801
14.. ford........... .. 635 | Total........... 266 | 31| Bouth.......oonn. 1,9% '
18ee illustration on page 61. 1 See illustration on page 62.
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CHAPTER XI.
HISTORY AND DEVELOPMENT OF TELEPHONY.

Early development.—The history of the telephone,
like that of the telegraph, as indeed of any other great
invention, is full of conflicting claims as to priority
of discovery. But it is a fact beyond dispute that
in 1876, at the moment of Bell’s invention of his
speaking telephone, there was not a single operative
telephone in the hands of the public anywhere in the
world. The whole art and industry of which this re-
port makes record dates from 1876-77. As early as
1837 Page discovered that an iron bar when magnet-
ized and demagnetized at short intervals of time
emits sounds, due to the molecular disturbances of the
mass. Reis, in Germany, utilized this fundamental
principle and constructed apparatus for the trans-
mission of sound to a distance by electrical means.
Prior to that the idea of telephony had been defined
by a young French soldier in Algeria, Joseph Bourseul,
who in 1848 had attracted the attention of the au-
thorities by mathematical instruction which he gave
to his fellow soldiers in the garrison.
“ L'Illustration de Paris,”” August 26, 1854, under the
title of ““ Electrical Telephony,” described his appa-
ratus, or the idea embodied, as follows:

No further machinery and knowledge except a galvanic pile (bat-
tery), two vibrating plates, and a metallic wire needle. Without other
preparation one would only have to talk against one of the metallic
plates, and another would have to hold his car against the other plate.
In this way they could converse with each other.

This is a brief, lucid description of the telephonic
principle, but so far as can be ascertained it was never
elaborated in practical work, and if any one ever saw
Bourseul's telephones there is certainly none in ex-
istence to-day. Reis, however, went further and
actually built apparatus which could be made to
transmit not merely sound, it is claimed, but human
speech. In his biographical notes, written in 1868,
Professor Reis says:

Incited thereto by my lessons in physics, in the year 1860 I attacked
a work, begun much earlier, concerning the organs of hearing, and soon
had the joy of seeing my pains rewarded with success, since I succeeded
in inventing an apparatus by which it is possible to make clear and
evident the functions of organs of hearing, and with which, also, one can
reproduce tones of all kinds at any desired distance by means of the
galvanic current. I named the instrument telephon. The recognition
of me on so many sides which has taken place in consequence of this
invention, especially at the Naturalists’ Association at Gnesen, has

continually helped to quicken my ardor for study that I may show
mysell worthy of the luck that has befallen me.

The journal

A number of exhibitions of his apparatus were
given by Reis in the period 1861-1864, and duplicates
of the apparatus were sent to various parts of the
world, Professor Clifton making a demonstration
with it before the Manchester Literary and Physical
Societies of England in 1865. A discussion by Reis
in the Yearbook of the Physical Society of Frankfort
for 1860-61 points to the fact that every tone or com-
bination of tones entering the human ear causes its
membrane or eardrum to vibrate. The motion of
these vibrations produces the sense of sound, and
every change in the motion must necessarily be ac-
companied by a change in the sensation. Hence it
would be possible to transmit such sounds electric-
ally, set up vibrations or curves like those of any
given tone or combination of tones, and receive the
same impression as the tone itself would have pro-
duced.

This idea he elaborated into an apparatus built upon
the principle of the human ear, to which the earliest
forms had a rough but striking resemblance. The
first apparatus thus made, for example, embodied a

| small cone, covered at its lesser end with an animal
" membrane, upon which a small platinum strip or wire

was fastened by means of sealing wax. The receiver
consisted of a violin, upon which a knitting needle
having a coil wound around it was fastened. When
the sound waves made the membrane vibrate, the cir-
cuit was closed as they impinged and the strip of
platinum beat against a tip of metal, the degree of con-
tact being altered with each vibration. The sound
waves threw the electric current at the point of varia-
able contact into pulsations of varying strength, and
corresponding effects were produced at the receiving
end. )

There were twelve novel and ingenious forms of the
Reis apparatus worked out, all embodying in some
way the idea of the human ear, with its auditory tube,
tympanum, etc. The first form of apparatus used by
Reis as a receiver consisted of a steel knitting needle,

 around which was wound a spiral coil of silk-covered

. board of a violin.

copper wire. As it was soon found that the sounds
produced by rapid magnetization and demagnetiza-
tion could be improved by the addition of a sound-
ing box the needle was mounted upon the sounding
A cigar box was tried, also, and
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the final form of the knitting needle receiver adopted
by Reis was essentially of this box type; the needle
and its helix lay on a rectangular sounding box of
thin pine wood, and the coil of wire was mounted
upon a light wooden bobbin instead of being twisted
around the needle itself. Two wooden bridges or sup-
ports held the ends of the needle, and over the needle
was thrown a hinged box lid. As originally con-
structed, this lid when closed pressed tightly upon
the steel needle; and Reis’s own instructions were to
press the lid firmly against the needle in order that the
sound might be intensified, as was done unconsciously
by the listeners with their ears against the lid in order
to hedr more distinctly. At the end of the sounding
box was a little telegraph key, used to interrupt the
circuit and to telegraph signals back to the transmit-
ting end.

There is a variety of testxmony alleging that not
only musical sounds but wotds and phrases were actu-
ally transmitted, as they can be to-day in modern
models of this apparatus; but since the invention

rested upon the make-and-break principle, the circuit

having to be made and broken every time a sound
impulse was transmitted, it was so extremely delicate
that it was impossible to maintain it in adjustment for
more than the shortest space of time. As Reis him-
self said to Herr Garnier, to whom he disposed of his
instrument and tools, he had shown the world the way
to a great invention which must be left to others to
develop. A warm appreciation of the work of Reis
has been shown in this country and Europe, and in
1878 a monument was erected to his memory at
Frankfort, an inscription on which styled him “the
inventor of the telephone.”

One of the American judges, in deciding an early
litigation over the invention of the telephone, said
epigrammatically that however ingenious this pioneer
work may have been, a hundred years of Reis would
never have given the world the telephonic art for
public use as it exists to-day. Many attempts were
made to apply in practical apparatus the make-and-
break principle of Reis, both before and after the
invention of the Bell telephone, and some of the
workers in this field devised transmitters approaching
the modern microphone now so essential. But, as
has already been stated, the telephone up to 1876 was
utterly unknown to the public, and the scientific appa-
ratus for laboratories and schools, formerly bearing
the name, remains even to this day virtually incapable
of improvement that would bring it within the sphere
of public utility.

The work of Bell—The art of speaking telephony
had to find its future and perfection in some other
direction than the make-and-break method and pulsa-
tory currents of Reis, suggestive and helpful as such
work must necessarily have been to all who were
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familiar with it. In 1876 the attention of the world
was arrested by the issue on March 7 of Alexander
Graham Bell's origindl patent. The application for
this patent which, when granted, bore the number
174465, was filed on February 14 of the same year at
the conclusion of considerable experiment and investi-
gation. In 1875 Bell, who as a student and teacher
of vocal physiology had unusual qualifications for
determining feasible methods of speech transmission,
constructed his first pair of magneto telephones. Each
of these consisted of an electro-magnet, a U-shaped
iron bar around one limb of which a coil of wire was
wound, while a thin iron plate, or armature, was
hinged to the other, extending also over the wire-
surrounded core. A membrane diaphragm stretched
across the tube served as a mouthpiece, being mounted

©in a frame having its center immediately opposite the

active pole of the magnet to which the iron armature
was attached. Throughout 1875 Bell experimented
with apparatus of this character, varying the propor-
tions and arrangements of the coil, the magnets, the
armature, etc., and virtually such apparatus was
figured and described in the patent specifications, with
the addition of hollow cones or small speaking trump-
ets attached to the armature membranes in order to
concentrate the voice at the transmitting end and
assist the ear at the receiving end.

The first published account of the speaking telephone
was a paper read by Bell before the American Academy

- of Arts and Sciences in Boston on May 10, 1876, and

in the summer of that year the crude mechanism was
exhibited at the Centennial Exhibition at Philadel-
phia and elicited the enthusiastic admiration of the
world’s leading physicists. During the same year
Bell experimented with the substitution of a perma-
nent magnet for the electro-magnet, and toward the
end of the year he generally employed the permanent
magnet, omitting the battery. Over short distances
virtually identical results are obtainable with the per-
manent magnet and with the electro-magnet; but it
was early found that the magneto telephone had very
definite limitations as to distance of operation and
clearness of utterance. For both kinds of apparatus
the great step that Bell made was to devise a mechan-
ism that produces undulations of the electric current
in the circuit, corresponding to the sonorous vibrations
of the voice, thus rendering practicable the continuous
and intelligible transmission of human speech. The
principle thus discovered and embodied in practical
apparatus was defined as follows in the specifications
of the Bell patent:

Electrical undulations induced by the vibration of a battery can be
represented graphically without error by the same sinusoidal curve
which expresses the vibrations of the inducing battery itself and the
effect of its vibration upon the air: for, as above stated, the rate of
acceleration in the electrical current corresponds to the rate of vibration
of the inducing body, that is, to the pressure of sounds produced. The
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intensity of the current varies with the amplitude of the vibrations,
that is, with the loudness of the sound; and the polarity of the current
corresponds to the direction of the vibrating battery, that is, to the
condensation and rarefaction of the air produced by the vibration.

This principle is summed up in claim 5 of the patent,
as follows:

The method of an apparatus for transmitting vocal air into sounds
telegraphically, as herein described, by causing electrical undulations
similar in form to the vibrations of the air accompanying the said vocal
air into sound substitutes as set forth.

The apparatus shown at the Centennial Exhibition
was improved very rapidly and the receiving part of
the magneto telephone soon assumed the shape which
has long been familiar. The iron plate armature and
the connected diaphragm soon became one member,
and a single sheet iron diaphragm, or disk, such as is
used in modern practice, was adopted. The coil of
wire around the magnet was shortened until it became
the flat bobbin, or spool, that is now a characteristic
feature of the receivers, placed at the end of the magnet
nearest the diaphragm, and the speaking trumpet, or
cone, of the resonating space was flattened until it
became the shallow cup which enables one to rest the
ear directly upon the telephone. In August, 1876,
Mr. Bell experimented on a five-mile telegraph circuit
in Canada, and on the evening of October 9 the first
long conversation ever carried on telephonically was
exchanged upon a telegraph line extending from the
office of the Walworth Manufacturing Company in
Boston to their factory in Cambridge, Mass. Every
word of this conversation was recorded at both ends.
In November of the same year a telephone was used
over 200 miles of circuit between Boston and Salem,
Mass., by way of North Conway, N. H., and a little
later a conversation was carried on by Mr. Bell between
Boston and New York over a Western Union telegraph
circuit. The apparatus in all these demonstrations
was the magneto telephone as distinguished from the
battery type. About this time capital began to be
interested, and a circular was issued to invite the sup-
port of the public for the new means of communication,
which ran as follows:

The proprietors of the telephone, the invention of Alexander Graham
Bell, for which patents have been issued by the United States and Great
Britain, are now prepared to furnish telephones for the transmission of
articulate speech through instruments not more than twenty miles
apart. Conversation can easily be carried on after slight practice and
with the occasional repetition of a word.or sentence. On first listening
to the telephone, although the sound is perfectly audible, the articulation
seems to be indistinct; but after a few trials the car becomes accustomed
to the peculiar sound and finds little difficulty in understanding the words,

The telephone should be set in a quiet place, where there is no noise
which would interrupt ordinary conversation.

The advantages of the telephone over the telegraph for local business
are:

1st. That no skilled operator is required, but direct communication
may be had by speech without the intervention of a third pergon.
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2d. That the communication is much more rapid, the average number
of words transmitted in a minute by the Morse sounder being from fifteen
to twenty, by telephone from one to two hundred.

3d. That no expense is required, cither for its operation, maintenance,
or repair. It needs no battery and has no complicated machinery. It

*is unsurpassed for economy and simplicity.

The terms for leasing two telephones for social purposes, connecting
a dwelling house with any other building, will be $20 a year; for business
purposes $40 a year, payable semiannually in advance, with the cost of
expressage from Boston, New York, Cincinnati, Chicago, St. Louis, or
San Francisco. The instruments will be kept in good working order by
the lessors, free of expense, except for injuries resulting from great care-
lessness.

Several telephones can be placed on the same line at an additional
rental of $10 for each instrument, but the use of more than two on the
same line where privacy is required is not advised. Any person within
ordinary hearing distance can hear the voice calling through the tele-
phone. If a louder call is required, one can be furnished for $5.

Telegraph lines will be constructed by the proprietors if desired. The
price will vary from $100 to $150 a mile; any good mechanic can con-
struct a line. No. 9 wire costs 8} cents a pound, 320 pounds to the mile;
34 insulators at 25 cents each; the price of poles and setting varies in
every locality; stringing wire, $5 per mile: sundries, $10 per mile.

Parties leasing the telephones incur no expense beyond the annual
rental and the repair of the line wire. On the following pages are extracts
from the press and other sources relating to the telephone.

Cambridge, Mass., May, 1877.

So far the telephene had not been developed beyond
the connection of two stations by a single line, but it
had been a conception of Bell from an early date that
there should be a central office having the function
of making connection whenever desired between the
lines of the several subscribers. In lectures given in
the spring of 1877 in Connecticut and New York by
Mr. Bell and his associates this idea was plainly set
forth, outlining in a broad way both the exchange sys-
tem and the long distance telephone.

First commercial telephony.—On April 4, 1877, the
first line ever built specially for telephone uses was put
in operation between the factory of Charles Williams,
jr., of Boston, and his home at Somerville, Mass., and
shortly afterwards a number of other lines of this char-
acter were erected. To many persons the telephone
seemed only a toy, and difficulty was found in inter-
esting investors. When people began to recognize the
utility of the invention, Mr. Bell and his associates saw
the need of an organization for dealing with the com-
mercial features of the enterprise; hence in 1877 an
informal, unincorporated association, known as the

" Bell Telephone Association, was formed. This associa-

tion had no capital and few members, and its objects
were to assist Gardiner G. Hubbard, to whom, as trus-
tee, the Bell patents had been assigned, and to devise
the best means for the general commercial introduction
of telephones. The exchange idea was first carried
into effect in a crude way in Boston, in May, 1877, in
connection with the protective circuits of the Holmes
Burglar Alarm Company. The various lines communi-
cating with financial establishments were brought to a



66 TELEPHONES AND TELEGRAPHS.

small switchboard at the Holmes central station, and
the circuits were repeatedly interconnected at this
board. As a matter of historical fact, however, the
first telephone central office system was that estab-
lished at New Haven, Conn., and opened for business
on January 25, 1878, this being the first fully equipped
commercial telephone exchange ever established for
public or general service. The advantages of the tele-
phone exchange were instantly seen, so that by March,
1881, or three years later, there were in the United
States only nine cities of more than 10,000 inhabitants
and only one of more than 15,000, in which a telephone
exchange had not been established.

This rapid growth soon made evident the need of a
more formal organization of the business, and in

February, 1878, the New England Telephone Company

was organized, with a capital of $200,000. This com-
pany was given exclusive rights and license to use and
to manufacture telephones in New England. In July,

1878, the Bell Telephone Company was formed, with a .

capital of $450,000, with exclusive rights for the remain-
der of the United States. In March, 1879, these two
companies were consolidated into the National Bell
Telephone Company, with a capital of $850,000. By
this time the commercial success of the business
had become assured, and in March, 1880, as the
National Bell Telephone Company was not broad

enough in its business scope to meet the demands of
the situation, the American Bell Telephone Company,

with a capital of $10,000,000, was formed. This com-
pany displayed great ability in d-veloping, through
subsidiary companies, the telephone business of the
country on a territorial license basis and continued to
operate until 1899, when it was absorbed by the Ameri-
can Telephone and Telegraph Company, which had

been created originally for the purpose of handling the

long distance business of the American Bell Telephone
Company.

The original circular of the Bell Telephone Associa-
tion stated that the effective limit of speech was 20
miles, but this limit did not long remain fixed. By the
beginning of 1881 the work of connecting cities and
towns by telephone circuits was well under way. Bos-
ton was connected with 75 cities and towns, the lines
reaching as far as Springfield. In 1884 the success of
the experimental long distance line between Boston
and New York convinced everyone that conversation
over distances of from 200 to 300 miles was practicable,
but owing to the difficulties experienced in securing
terminal facilities, it was 1887 before the longer lines
were opened to commercial use. Extensions of these
lines were pushed steadily and on October 18, 1902,
the line between New York and Chicago was opened,
while in the following February the Boston-Chicago

line was put in service. The maps of the lines as they
existed in 1895 and as they were in 1904 show plainly
the immense growth of the long distance system and
indicate, to a large degree, the cause for the rapid rise
in the use of the telephone. The whole country is now
being connected so that all may talk from one end of
it to the other.

Early telephone competition.—Part of the early devel-
opment was not due to the Bell Telephone Company,
but to its active competitor, the Western Union Tele-
graph Company, which in 1877, seeing in the telephone
a dangerous rival to the telegraph, began to develop a
telephonic system and network of its own, based upon
the work of Elisha Gray, T. A. Edison, and others. By
one of the most extraordinary coincidences in the his-
tory of invention, Elisha Gray had filed in the Patent
Office at Washington a caveat for ‘‘a new art of trans-
mitting vocal sounds telegraphically” on February 14,
1876, the same day on which Bell had filed his applica-
tion. The Gray apparatus differed, however, from
that of Bell. In the Gray caveat was described a
liquid transmitter so utilized that the vibrations of the
plunger, a rod attached to the membrane, would cause
variations in resistance, and consequently modify the
current passing through the circuit to the receiver. A
pencil drawing illustrating this ingenious idea was
made by Gray in February, 1876, but the liquid trans-
mitters brought out from time to time by Gray and
others have never played any part in the art. Edison,
however, who was then in the service of the Western
Union Company, succeeded in producing an excellent
carbon transmitter, a device in which the variations of
resistance due to change of pressure in a mass of carbon
effected the necessary variations in the electrical cur-
rent. carrying the impulse vibrations, and this micro-
phonic principle is a feature of all the successful speech-
transmitting apparatus of the present day. In the
meantime Emil Berliner and Francis Blake had devel-
oped excellent battery or carbon transmitters for the
Bell system. Through the agency of the American
Speaking Telephone Company the Western Union Tele-
graph Company pushed its telephone system vigor-
ously throughout the country, until it had a large
number of exchanges in operation. Patent litigation
between the rivals began in September, 1878, where-
upon, conceding the priority of the Bell invention,
the Western Union Company effected a famous agree-
ment under which, by agreeing to pay 20 per cent
of its income to the Western Union Company dur-
ing the life of the contract, seventeen years, the Bell
Company obtained complete possession of the field,
acquiring all the telephonic inventions, apparatus, and
exchanges of the Western Union system. The result
of this combination was not alone to unify the com-
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mercial telephonic systems of the whole country, but
to harmonize and standardize the apparatus, and thus
to permit industrial and scientific development.

The Bell telephone system was at the start imme-
diately introduced in Europe, but there, as here, the
Bell patents throughout the entire term of their exist-
ence, although frequently sustained wholly or in part,
were subject to tremendous patent and legal attack
and competition in all forms, and the telephonic art
has enjoyed the benefit of the labor of many promi-
nent inventors invited by the opportunities and
rewards offered in this field. It was necessary to
develop not only the apparatus used at each end of
the circuit but the apparatus at the exchange, which
at first was very crude. The central offices were
equipped with switchboards similar in construction
and operation to those employed in telegraph offices,
but these were very rapidly outgrown. Other chap-
ters of this report treat more specifically of the appa-
ratus at the central station, as well as of that employed
at the subscriber’s substation.

The changes wrought since the Amerlcan Bell Tele-
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. provided with the transmitter of each user to furnish current for its

phone Company assumed charge of the business are

summed up admirably in the following paragraph
from the Boston Electrical Handbook of 1904, issued
under the auspices of the American Institute of
Electrical Engineers:

In the twenty-four years which have elapsed since that time, reliable
low capacity poly-conductor cables, mainly employing air as an insulat-
ing medium, have been devised and their employment has become uni-
versal; underground construction has become the rule instead of the
exception; beginning with the year 1883, a metallic circuit system of
long distance lines has been built of hard drawn copper wire and has
overspread the country; the average excellency of these long lines,
terminating as they do in switchboards at exchange central stations, has
resulted in correspondingly improved construction in exchanges every-
where, including the substitution of copper for iron as a material for line
wire, and the metallic circuit for the ground return single conductor
line; the operating companies now have their own buildings specially
designed to accommodate the central station operating rooms, and
affording facilities for the ingress of the subterranean cables; an elaborate
system of protection has been provided for both ends of each telephone
line, and where such lines pass through cables, at the cable ends also, to
take care of trespassing currents strong enough to be destructive; and
lastly, but by no means of least importance, the old and well-known
hand operated magneto machine for years the most approved call-
sending apparatus, and the multitudinous batteries of which one was

operation, have both been superseded in the modern well-appointed
exchange, by a single central station battery which supplies not only the
electric current for all the transmitters of the outlying stations, but also
for the transmitters of a central station, and for the switchboard call and
supervisory signals. By this change a few cells of battery are enabled
to take the place and do the work of many, and the establishment of the
few retained cells at the central station where they may always be under
skilled supervision is provided for.

Independent development.—During the first half of
the term of the Bell patents a number of rival systems
were brought into existence by competitors, that of
the Western Unign Company, already noted, being the
most formidable and extensive. After the consolida-
tion none appeared able to sustain the burden of the
struggle, and a period of some years succeeded during
which the telephone industry remained a virtual
monopoly in the United States. As the term of the
fundamental patents drew to a close, however, compe-
tition raised its head again and independent exchanges
were started in various parts of the country. At first
these made their appearance only in places that under
the exclusive Bell régime had not enjoyed the benefit
of telephonic service, but the independent movement
soon assumed formidable proportions and its pro-

" motors invaded the larger cities, so that at the time

|

of the present report independent exchanges are
found in successful operation in such places as Chicago,
Cleveland, St. Louis, Philadelphia, and Indianapolis.
The independent movement, however, was particularly
fostered and pushed in rural districts, and there it still
enjoys its best patronage, as is evidenced by the statis-
tics presented elsewhere in this report. The independ-
ent movement has not only created a vast network of
exchanges and interconnecting lines, but has called
into being a large number of manufacturers and a
great variety of apparatus, so that, while a few years

.ago ‘the telephonic art in the United States had

attained a high degree of standardization, it is once
more marked in some degree by the confusion and
heterogeneity that characterized its earlier years.
Such conditions are always associated with rapid
growth, and in the field of telephony they constitute
at the present time a remarkably interesting problem
with many sociological, industrial, and mechanicel
aspects.



CHAPTER XIL
TELEPHONY IN FOREIGN COUNTRIES.

General data.—The introduction of the telephone in
the United States wasfollowed almost immediately by
its adoption in all the countries of Europe and more
slowly in other parts of the world. But while in the
United States its development has remained exclu-
sively in private hands and has been developed by
corporations, in Europe the telephone and telegraph
lines have remained almost exclusively subject to
Government control. In only two foreign countries—
Great Britain and Sweden—has there been any notable
exception to this rule, and while this report has been
in preparation the British Government has completed
with the National Telephone Company, which has
controlled the Bell telephone system for many years
past, a long series of negotiations by which in a few
years the Postal Telegraph service will take over the
entire network of telephone lines in Great Britain.

The tremendous rate of development of the tele-
phone in the United States compares very strikingly
with the slow rate of development in Europe, and the
facts connected with this contrast would constitute,
if taken by themselves, a notable argument in favor
of private enterprise, but there are necessarily many
other conditions involved in the situation.

The textual statements with regard to European
development embody statistics dating generally up to
the end of 1902, thus bringing them in fair comparison
with those upon which the present report is based.
But a tabular survey of the situation at the close of
1904 is also given. This presents a comparative
study of the telephone industry in the United States
and in Europe, furnishing the latest authentic figures
available. .

These figures are massed into two tables which are
presented herewith. Table 41 gives the telephone
statistics as of January 1, 1905, for the United States,
Sweden, Denmark, Switzerland, Norway, the German
Empire, the United Kingdom, Holland, Belgium,
France, Austria-Hungary, Spain, Italy, and Russia.
Table 42 presents figures relating to telephonic
development in the following larger cities of the Old
World and the New: Stockholm, New York, Chris-
tiania, Copenhagen, Zurich, Berlin, London, Paris,
Brussels, Vienna, Amsterdam, Rome, Budapest, Lis-
bon, St. Petersburg, and Madrid. The population is
stated in round numbers in these two tables.

‘
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f TabLe +1.—7'dephone development, United States and Europe.

[Junuary 1, i4903 ]

Inhabit- A Telephones

\ Tele-
COUNTRY. | Population. ' ants per 'per 1,000 in-
l | ‘ phones. | telephone. habitants.
l United States................ | 76,000,000 | 3,400,000 2.2 ’ 44.8
AILEUrope. ..o i e | 1,485,784 L
| Sweden 5,250, 000 112,250 | 4.8 21.4
Denmark 2,300, 000 41, 650 60.0 16.7
Switzerland 3300,000 | 520509 62.7 | 15.9
‘ Norway...... 3,000, 000 ' 41,500 72.2 13.8
German Empire. 58,000, 000 518, 4%9 112.0 8.9
United Kingdom 42, 000, 000 1 . 365,198 | 115.0 8.7
Holland......... 5,300, 000 29,500 | 180.0 5.6
Belgium...... 7,000, 000 ‘ 24,750 | 284.0 3.5
| France............ 39, 000, 000 122,191 | 320.0 3.2
‘ Austria-Hungary........ 48,000,000 | 74,600 | 644.0 1.6
Spain........ ...l 18, 600, 000 \ 16,000 ! 1,160.0 0.9
Italy.. ..ol ‘ 32,000, 000 27,147 | 1,180.0 0.8
Russia................... 135, 000, 000 ‘ , 000 2,250.0 0.4
| |
TABLE 42.—Telephone development in large cities.
[January 1. 1905.]
Tele- Inhabit- | Telephones
CITY. Population. hones ants per r 100 in-
p * | telephone. | habitants. -
Stockholm (two systems). ... 312,000 42,685 7.3 13.7
Stockholm (company system )
(1311 1 I 312,000 31, 685 9.8 10.2
2, 100, 000 144, 353 14.5 6.9
230, 000 12,513 18.3 5.4
476,000 23,000 20.6 4.8
153, 000 7,275 21.0 4.8
1,931,000 66, 744 29.0 3.4
4,614,000 93, 598 49.5 2.0
2,660, 000 49, 444 54.0 1.8
576, 000 7,829 73.7 1.4
1,762, 000 21,723 83.0 1.2
543, 000 6,081 89.5 1.1
500, 000 5,000 100.0 1.0
800, 000 7,500 106. 5 0.9
370, 000 1,740 212.0 0.5
1,334, 000 6,000 223.0 0.4
550, 000 2,400 229.0 0.4

With regard to the general table for the countries, it
will be observed that the United States had, at the end
of 1904, 3,400,000 telephones, or more than twice as
many as all Europe, the total for England and the
Continent being 1,485,784. The figures for one or two
minor countries not included might possibly raise the
European total to 1,500,000. The fact is also brought
out that owing to the rapid development of the Bell
telephone system, as well as the active competition of
independent companies, the proportion of telephones
to population in the United States has been raised from
1 telephone to 34 inhabitants in 1902 to 1 telephone to
22.2 inhabitants in 1905. It will also be seen that at
the later date there were in the United States 44.8
telephones per 1,000 inhabitants, which was more than
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twice as great as the highest rate in Europe, namely,
that of Sweden, with 21.4. Some of the European
countries exhibited a very small utilization of the
telephone. The second most active commercial and
industrial countries, namely, the German Empire and
the United Kingdom, showed only 8.9 and 8.7 tele-
phones, respectively, per 1,000 inhabitants, this figure
falling off to 3.2 in France and to 1.6 in Austria-
Hungary. In the great empire of Russia there were,
at the date named, only 60,000 telephones, or less than
in the borough of Brooklyn, New York city.

The table of telephone development in large cities is
also very instructive and interesting. In this table
New York heads the list, with the exception of the city
of Stockholm, where unusual activity has been dis-
played for some years past through the competition of
the Government and a private system, with the result
that each has virtually duplicated the other’s service
at low and unprofitable rates, giving what may fairly
be characterized as an undue or abnormal development
without intrinsic benefit to the community. The
Swedish figures are discussed in greater detail below.
Admitting, however, that the percentage in New York,
as in all other great cities, is destined to rise until a
much higher point than the present has been attained,
it is to be noticed that in the city of Christiania, which
from many points of view might be compared with
Stockholm, the proportion of telephones per 100 inhab-
itants is slightly less than in New York, being 5.4, as

compared with 6.9 in the American city. The great

cities of Europe which should justly be compared with
New York, namely, London, Paris, Berlin, and Vienna,
show a comparatively small patronage of the telephone,
the figures being, London, 2 telephones per 100 inhab-
itants; Paris, 1.8; Berlin, 3.4; and Vienna, 1.2. It
should be mentioned in passing that London has two
telephone systems, a private and a Government one.
The figures include both systems.
London, in comparative statistics, is more usually
given as 6,580,000, the use of which would bring the
figures for the use of the telephone much nearer the low
average for Paris and Vienna, and still further below
that for Berlin. But the figures here employed
(4,614,000) are those which are considered to govern
more specifically the telephone area., With regard to
these figures and those which might be presented for
American cities other than New York, the remark of
John Hesketh, telephone engineer for the Australian
Government, may be quoted as follows: “In American
cities the telephone development has already reached
a point which seems hardly to be realized as within the
bounds of possibility in most European countries.”’

Subjoined will be found a few specific statistics with '

regard to the telephonic traffic in the leading countries
of Europe for the year 1902-3, the period being the one
most closely corresponding to that covered by the
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statistics for the United States. The statistics in
question are those compiled by and published in the
Journal Telegraphique, issued in Berne, Switzerland,
by the official international bureau of telegraphic
administration. This bureau receives the reports of
the various governments of Europe, and being in direct
touch and constant communication with them is
enabled to present authentic data that otherwise is
not easy to obtain.

Germany.—For the period under consideration the
statistics for Germany, not including the German pro-
tectorates in China and Africa, show 4,192 ‘‘reseaux”
or exchange systems, 71,052 kilometers (44,150 miles)
of pole line in the cities, and 2,399 kilometers (1,491
miles) of underground line. This gave a total length
of wire circuit overhead and underground of 1,383,814
kilometers (859,923 miles). There were also 8,675
interurban circuits, with 248,376 kilometers (154,396
miles) of wire circuit. - It is noted in the return that
most of this circuit hitherto had been that of earth
return, but that the metallic circuit, such as now pre-
vails so uniformly in America, was in process of intro-
duction. The system included in 1902-3, 470,365
stations, of which 444,720 were those of subscribers,
21,438 were public pay stations, and 4,207 were central
stations. The total number of conversations or uses of
the service within urban limits was 799,009,646, of
which 793,582,447 were ordinary subscribers’ talks.
Of the remainder, 2,423,256 were ordinary pay station
talks. In addition to the above the other urban or
toll line conversations numbered 128,268,985. The
total receipts of the system were 72,867,441 francs
($14,063,416), of which 53,026,074 francs ($10,234,032)
came from subscribers in city limits.

Austria.—The figures for Austria and Hungary are
reported separately by the bureau. There were in
Austria 429 exchanges with 10,086 kilometers (6,267
miles) of line, of which 264 kilometers (164 miles) were
underground, and a total wire circuit of 255,725 kilo-
meters (152,686 miles). The interurban circuits num-
bered 134, with 21,404 kilometers (13,300 miles) of wire.
The substations numbered 43,742, of which 42,641 were
those of subscribers and 767 were pay stations. In
Germany the number of telephone employees was
not given, the same functionaries in most instances
operating the telegraphs also, but in Austria 2,813 em-
ployees are mentioned as engaged specifically in tele-
phonic service. The number of conversations was
132,977,492, with an additional 2,640,557 over inter-
urban toll lines. The receipts were set down at
7,713,030 francs ($1,488,615),0f which 3,401,552 francs
($656,500) came from exchange subscribers. In Hun-
gary the whole telephonic exploitation is practically by
the State, but 1 private exchange with 39 subscribers
and 29,200 conversations being included. The Gov-
ernment installations included 76 exchanges with
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3,013 kilometers (1,872 miles) of line, of which 292
kilometers (181 miles) were underground, and a total
- wire circuit of 89,299 kilometers (55,488 miles). There
were 23,330 substations, of which 21,617 were those of
subscribers, and 932 were pay stations. The number
of conversations was 53,999,989, with an additional
641,835 interurban conversations. The total receipts

reported were 3,846,287 francs ($742,333), of which '

2,928,599 francs ($565,220) came from regular ex-
change operations and the rest from toll line work.

Belgium.—In Belgium the telephonic service ‘is
entirely in the hands of the State. Seventeen ex-
changes were reported, with a total length of circuit
connected of 87,635 kilometers (54,454 miles). There
were 138 interurban circuits, with 18,396 kilometers
(11,437 miles) of wire. The number of substations
was 21,984, of which 21,741 were subscribers’ and
110 were pay stations. The total number of em-
ployees reported specifically for the telephone sys-
tems was 593, of whom 241 were linemen, etc., and
258 telephonists. The total number of telephonic
conversations was 44,013,205, and of interurban
talks 875,089. The total receipts were 5,504,721
francs ($1,062,411), of which 4,385,270 francs
($846,357) were from telephone subscribers. The
direct expenses of the current year were set down at
4,520,740 francs ($872,502), of which 1,727,000
francs ($333,311) were for personnel and 2,793,740
francs ($539,191) for material. Up to the year 1903
telephone stamps were employed by the administra-
tion for the franking of communications between the
public offices, but their use was discontinued in that
year. There has been considerable development in
the use of combination telegraphic and telephonic
circuits, based upon the Van Rysselberghe system,
which originated in Belgium, and which, with modi-
fications or elaborations, has been somewhat exten-
sively used in the United States. There has also
been considerable use made of a combined telephone
and telegraph service.

Holland.—In Holland, as in Great Britain, the de-
velopment of the telephone has been carried on by
three methods—namely, private enterprise, exploita-
tion by the State, and municipal ownership. The
development by the State is relatively small, and dur-
ing the year under report included only 315 stations

on 175 interurban circuits, with 22,437 kilometers

(13,941 miles) of wire, and no regular separate ex-
changes, although 260 employees are specifically re-
ported for the telephonic administration. The num-
ber of conversations over the Government lines, wholly
interurban, was 1,227 784. There were 38 exchanges
carried on by private companies. These, like the
municipal networks, have a concession from the State
for an area limited within a given circle, having a
radius of 5 kilometers (3 miles), the limitations in
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each case being imposed by Government authority.
These 38 exchange systems, whose mileage of circuit
was not reported, included 10,250 substations, of which
93 were pay stations and the others subscribers’. Over
this network 11,243,541 conversations were exchanged.
The systems under municipal ownership were re-
ported as numbering 22, with 48,826 kilometers
(30,339 miles) of circuit distributed over 1,107 kilo-
meters (688 miles) of line. Of the 16,005 substa-
tions thus connected, 15,895 were subscribers’ and
110 pay stations. The staff included 480 individuals,
of whom 409 were wage-earners, the corresponding
total figures for the private plants being 273 em-
ployees, of whom 227 were wage-earners. The munici-
pal system was utilized for 33,020,423 conversations.
As neither the private companies nor the municipal
exchanges reported any interurban or territorial
work, and as the Government system reported no
urban work and 1,227,784 interurban conversations,
the division of the service is clearly marked, the Gov-
ernment evidently limiting itself to work which in
the United States is generally spoken of as ‘“‘long dis-
tance’’ or ‘“toll line” business. No figures of earn-
ings or expenses were reported by the companies or
municipalities, but the Government reported re-
ceipts of 892,356 francs ($172,225) and expenses of
1,264,067 francs ($243,965).

Denmark.—In Denmark the division of service cor-
responds somewhat to that observed in Holland.
The 80 exchanges reported were all conducted by
companies. These companies operated 10,886 kilo-
meters (6,764 miles) of city line, with 103,124 kilo-
meters (64,078 miles) of wire circuit, and also 459 inter-
urban circuits, with 26,339 kilometers (16,366 miles)
of wire. Of the 42,594 substations reported, 41,194
were subscribers’ and 960, including 473 described as
automatic, pay stations. The administration in-
cluded 1,920 persons, of whom 1,321 were telephonists
and 445, linemen, etc. During the year 75,406,000
conversations were exchanged, with an additional
5,048,000 interurban talks. The income was 4,775,390
francs ($921,650), and the expenses 1,501,776 francs
($289,843). The expense and construction account
up to the year was 19,922,038 francs (3$3,844,953),
but the construction account for the year under re-
port was not given. The Government service, which
embraced 32 interurban and long distance circuits,
with 6,515 kilometers (4,048 miles) of wire and 646
stations, reported 377,649 telephone-telegrams and
567,000 interurban or long distance talks. The re-
ceipts were given as 544,247 franes (8105,040), but
no expense account was attached.

Spain.- -In Spain part of the telephonic traflic was
under the direct control of the Government, which
reported 14 exchanges, with 389 stations connected,
683 kilometers (424 miles) of line, and 3,015 kilometers
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(1,873 miles) of circuit, and 12 interurban circuits, ‘ miles) of line and 56,053 kilometers (34,830 miles) of

with 680 kilometers (423 miles) of wire. The only
business reported over this system was 2,703 long
distance messages, but at the same time the total re-
ceipts returned were 883,498 francs ($170,515). This
amount, however, included royalty accepted by the
State from private companies and from individuals
operating private lines. The most important of the
private exchanges in Spain were naturally those in
the large cities, such as Madrid, Barcelona, Valencia,
and Bilbao, and the total number of systems in this
class was returned as 46, with 54 exchanges and 15,018
suabscribers; but no detailed figures were forthcoming
as to the number of conversations, receipts, or ex-
penses. It will be observed in Table 41 that the total
number of subscribers in Spain at the end of 1904 was
16,000, but as the number for the year 1902-3 was

t
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15,433 the service was apparently at a standstill. The

royalty paid to the State included 751,066 francs
(8$144,956) .from the urban companies. The sepa-
rate or individual circuits reported as existing be-
tween cities and factories, farms, cattle ranches, etc.
numbered 1,096, with 7,672 kilometers (4,767 miles)
of wire and 2,138 telephones, and paid 48,360 francs
($9,333) into the treasury of the State. The Govern-
ment had constructed and was operating several long
distance circuits, more particularly for its own uses,
as between Madrid and the summer residence of the
court at San Sebastian.

Italy.—The development of the telephone in Italy
has been almost wholly in the hands of private com-
panies, which reported 88 exchange systems, 5,478
kilometers (3,404 miles) of line, and 47,567 kilometers
(29,613 miles) of wire circuit. Of the 23,331 substa-
tions also reported, 22,961 were subscribers’ and 282
pay stations. The personnel of the system included
1,373 employees, of whom 489 were linemen, etc., and
648 telephonists. The number of conversations was
65,359,073, to which should be added 412,530 long
distance messages. The total receipts were 3,428,732
francs ($661,745), of which 3,205,854 francs ($618,730)
were from subscriptions. The expense account shows
a total of 1,367,346 francs ($263,898), of which 628,562
francs ($127,598) were for material, and 738,784 francs
($142,585) for salaries, wages, etc. No item is given
as to fixed charges, dividends, etc. The State tele-
phone service was apparently a negligible quantity,
including only 1,263 miles of long distance line, with
8 stations, over which 154,920 long distance messages
were exchanged. The income of the State from teleph-
ony was 152,753 francs ($29,481), derived entirely from
royalty in the shape of taxes des conversations.

Russia.—Telephony in Russia is operated both by
the State and by private enterprise. The Government
system preponderates.
ernment exchanges, with 7,232 kilometers (4,494

There were reported 93 Gov-

wire circuit, supplemented by 29 interurban circuits,
with 24,974 kilometers (15,518 miles) of wire. These
exchanges had 24,974 substations, of which 24,706
were subscribers’ and 112 pay stations. The admin-
istration included 1,368 employees, of whom 493 were
linemen, etc., and 724 were telephonists. Over this
system a business of 121,279,887 conversations and
1,609,073 interurban talks was exchanged. The total

- receipts were 8,279,128 francs ($1,597,872), of which

6,806,856 francs ($1,313,723) were from subscriptions.
The item of miscellaneous receipts included 1,389,584
francs ($268,190), in which may possibly be included
license royalties paid by the private companies to the
State. The expenses are set down as 3,114,736 francs
($601,144), of which 1,020,380 francs ($196,933) were
for material and 2,094,356 francs ($404,211) for sal-
aries, wages, etc. The total expenses of the system
prior to the year of the report was placed at 15,086,094
francs ($2,911,616), but no allowance was made in the
expenses for interest on such investment. The pri-
vate development of the telephone in Russia included
11 exchanges, with 1,@60 kilometers (659 miles) of line
and 69,063 kilometers (42,914 miles) of circuit. There
were connected 23,802 substations and 7 public pay
stations. The business done over the systems included
49,726,185 telephonic conversations. No report was
made of receipts or expenditures.

France.—The returns for France were entirely the
figures of the Government and included 3,221 exchange
systems. These had 24,948 kilometers (15,502 miles)
of line, of which 18,839 kilometers (11,706 miles) were
overhead and 6,109 kilometers (3,796 miles) under-
ground. This included 427,527 kilometers (265,652
miles) of wire circuit, of which a very large propor-
tion—328,404 kilometers (204,060 miles)—was under-
ground, one-third being held in reserve and two-thirds
being in active service. In addition there were 5,172
interurban circuits, with 210,052 kilometers (130,520
miles) of wire. The number of substations connected
was 117,302, of which 108,946 were subscribers’, 5,129
public pay stations, and 3,227 telephones at central
exchanges. The personnel of the system included
6,056 employees, of whom 1,569 were linemen, etc.,
and 3,741, telephonists. During the year the business
done amounted to 191,315,764 conversations within
urban limits and 11,768,453 interurban conversations.
No figures of expenses are given, as these are included
with those of the posts and telegraphs under the
administration of the one officer of the State. Most
of the receipts—20,779,055 francs ($4,010,358)—came
from subscriptions, while the miscellaneous receipts
were massed as 7,157,174 francs ($1,381,335).

Switzerland.—In Switzerland the telephone service
is in the hands of the Federal Government, and is inti-
mately associated with the telegraphic administration.
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The number of exchange systems in 1902-3 was reported
as 240, with 15,328 kilometers (9,524 miles) of line
and 184,596 kilometers (114,702 miles) of wire circuit
in city service, supplemented by 698 kilometers (434
miles) in interurban service, with 20,058 kilometers
(12,463 miles) of wire. In the cities 140,995 kilo-
meters (87,610 miles), or 75.9 per cent, of the total
wire length in service was underground. This dis-
proportion was due apparently, however, to the fact
that the metallic or double circuits were counted
twice. The same statement applies also to a large
part of the interurban service. Connected with the
lines were 49,731 stations, of which 48,408 were those
of subscribers, 983 were public pay stations, and 340
telephones at central offices. The public pay stations
included 867 ‘‘communal stations.”” The personnel
of the service was given as 1,279 employees, of whom
496 were linemen, etc., and 467 were telephonists.
The number of telephonists did not include 601 oper-
ators who were reported as exercising also some other
‘““profession.” The administrative staff included 90
chiefs of staff, etc., in addition to whom there were
42 functionaries of the telegraph system whose duties
also included responsibility for the telephonic work.
Besides these no higher officials were reported as in
charge of the telephone system. The service done
over the system amounted to 25,503,421 conversa-
tions within the city limits, and 5,518,419 interurban
conversations, with which were included also 73,806
international conversations, as with France, Ttaly, and
Germany. The receipts of the service were returned
as 6,385,651 francs ($1,232,431), of which 2,739,180
francs ($528,862) were directly from subscriptions
and 1,257,620 francs ($242,721) from pay station and
other service. The receipts from interurban work
appear to have been very high, the taxes des conver-
sations under this head being set down as 2,024,789
francs ($390,784). The expenses were returned as
7,651,202 franes ($1,476,682), of which 5,657,832
francs (81,091,962) were for material and 1,993,370
francs ($384,720) for the personnel. The large outlay
in construction is explained by the fact that it embraced
over 3,000,000 franes (8599,000) for interest and sink-
ing fund and the cost of creating the system up to the
year in question.
would appear that part of such earnings by the tele-
phone goes into the telegraph account as the earnings
of the telephone-telegraph system.

Norway.—The figures for the exploitation of the
telephone in Norway are not all for the same periods,
and those relative to the work of the State belong to
the budget year 1903-4. The service is carried on in
part by the State and very largely by private com-
panies. The State administration of the telephone is

With regard to the receipts, it
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intimately associated with that of the telegraph, and
it is difficult, therefore, to separate clearly all the
telephonic figures. The number of the State systems
was returned as 25, some of which were established by
the Government and others acquired from private
parties. The length of line was 631 kilometers (392
miles), with 51,000 kilometers (31,690 miles) of wire
circuit in city limits. In addition to this 233 interur-
ban circuits were reported, with a line length of 8,069
kilometers (5,014 miles), and 29,269 kilometers (18,187
miles) of wire circuit, almost entirely overhead. Con-
nected by the system were 16,846 stations, of which
15,580 were those of subscribers, 990 public pay sta-
tions, and 276 located at central exchanges; 243 of
these latter stations were also telegraphic offices. The
public pay stations were also of a telegraphic character,
it being possible to communicate telegrams from 749
of them, while 147 were equipped with telegraphic
apparatus. Subject to the reservation already noted,
the personnel of the telephone system included appar-
ently 25 chiefs of staff, 5 engineers, 20 superintendents
of equipment, 141 linemen, etc., and 218 telephonists.
The business done over the systems amounted to
42,661,560 conversations within city limits and
2,081,000 interurban talks, the limit of time being 3
minutes, as compared with the limit of 5 minutes
generally imposed by the Norwegian private com-
panies. No separate figures of receipts or expenses
were furnished by the State, for the reason that the
telephone service is considered an integral part of the
telegraph adininistration. Private enterprise in Nor-
way was credited with the creation of 200 telephone
exchange networks, with 8,127 kilometers (5,050 miles)
of line and 36,260 kilometers (22,531 miles) of wire cir-
cuit. The number of interurban circuits is not reported,
but the length of line is given as 12,189 kilometers
(7,574 miles) and the length of wire circuit as 21,449
kilometers (13,328 miles). There were reported
22,901 stations, of which 20,976 were subscribers’,
1,366 public pay stations, and 559 central office tele-
phones. The personnel of the service included 207
chiefs of staff, 8 engineers, 205 superintendents of con-
struction, linemen, etc., 234 laborers, and 776 telephon-
ists. The number of conversations carried on over
the systems in city limits was 43,714,342, of which
42 821,674 were subscribers’ talks. The number of
interurban conversations was 2,597,517. The receipts
of the systems were returned as 1,370,773 francs
($264,559), of which 1,114,628 francs ($215,123) were
for subscriptions, and 165,685 francs ($31,977) from
pay station service. The expenses were returned as
1,225,376 francs ($236,498), 676,695 francs ($130,602)
being for material and 548,681 franes ($105,895) for
personnel. The item for material was divided into
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about two-thirds for maintenance and one-third for
construction, etc. The total cost of the service up to
the year of the report was 7,117,935 francs ($1,373,761).
Sweden.—The telephonerin Sweden is largely in the
hands of the State, but is also operated by private
stock companies and by cooperative organizations
(sociétés mutuelles des habitants), which are closely
analogous to the mutual cooperative systems in the
United States enumerated elsewhere in this report.
The figures are of more than usual interest on
account of the extraordinary development in one or
two of the larger cities. The service of the State
included 152 exchanges or exchange systems, with
75,558 kilometers (46,949 miles) of wire circuit sup-
plemented by 1,402 interurban lines, with a line
length of 21,222 kilometers (13,187 miles) and a wire
length of 63,698 kilometers (39,580 miles). In the
wire lengths the metallic circuits are apparently given
twice over. There were 68,970 telephonic stations,
including 954 public pay stations, and the business
transactions over this system included 171,392,644
messages within urban limits, and 6,470,298 inter-
urban or long distance talks of a duration of three
minutes each. The personnel of the system included
84 officials at the head of the department, with 200
superintendents of exchanges and assistants, 27 engi-
neers, 300 superintendents and foremen of construc-
tion, 900 linemen, etc., and 2,200 telephonists. Most
of the telephonists are women.
remainder of the personnel, the telegraphic and tele-
phonic services are so closely united that it is difficult
to distinguish between the two sets of employees.
This difficulty also applies with regard to other
data. The total of receipts was not given, but an
amount of 4,665,549 francs ($900,451) from subscrip-
tions to city exchanges and 2,807,504 francs ($541,848)
as taxes des conversations was reported. This included
also fees for local use of pay stations, so that the

amount for interurban conversations was not reported .
No expenses were set down for the sep- |-

separately.
arate operation of the telephone, but it was reported
that the investment or expenses up to the current year
had amounted to the gross sum of 37,223,150 francs
(87,184,068). The exploitation by private companies
included only 5 exchanges, 2 of which were in cities.
These were virtually the systems of the Stockholm
General Telephone Company, that reported 35,165

telephones, of which all but 199 were those of subscrib- .

ers. The system included 46,810 kilometers (29,086
miles) of wire circuit in city limits and 15,208 kilo-
meters (9,450 miles) of interurban circuits. No
figures were reported as to personnel, traffic done,
receipts, expenses, or total investment. The mutual
systems numbered 23, with 3,327 kilometers (2,067

With regard to the |
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miles) of wire circuit in the urban networks and 491
kilometers (305 miles) of interurban circuits. Con-
nected with these lines were 1,106 stations, of which
1,069 were those of subscribers. No figures were
reported as to the other items of investment, income
or expenses, personnel, or traffic.

During the parliamentary investigation in Canada
during 1904 it was stated by Mr. H. L. Webb, the
English expert, that in Stockholm and the surrounding
districts the State systems had 11,000 stations, and
the company’s system 34,000 or 35,000, and that he
doubted whether, out of the 11,000, there were more
than 2,000 or 3,000 that were on the State systems
only, the remainder being duplicates of the company’s
installations.

Great Britain and Ireland.—The official statistics for
Great Britain and Ireland were all returned as of the
financial year 1903-4, and represent exploitation by
the State. No figures were given for the vastly larger
systems operated by the National Telephone Company
under its license from the Government. The figures
included in the Berne statistics were those taken from
the report of the Postmaster-General as the official in
charge of the operation of the service. The number of
Government telephone stations reported was 23,672, of
which 22,506 were those of subscribers, 655 were public
pay stations, and 511 were in central offices. The sub-
scribers’ stations were very largely grouped in London,
15,632 being in that city and only 6,874 in other cities
and towns. The telephone trunk lines constituted the
basis of Government service and included for 1903-4
1,418 circuits, with 102,799 miles of wire, over which
13,467,975 calls or conversations were exchanged.

The revenue from this service was £325,525
($1,584,167), and the capital expended £2,200,024
(8$10,706,417). These trunk lines have been gradually
taken over by the Government from the National
Telephone Company, the original transfer beginning
about 1892 and ending in 1896. The National Tele-
phone Exchange Company, which has an exchange
system in practically every community of any size in
Great Britain and Ireland, is to be credited with the
bulk of the telephone development there, the excep-
tion being that included in a few municipal exchanges.
The British Postmaster-General during the present year
has come to an agreement with the National Telephone
Company to take over its business and buy its plant
as from December 31, 1911. The entire telephonic
system of the country will therefore be under direct
State control. The price to be paid for the business is
to be settled by arbitration, and all that is to be paid
is the fair market value of the plant and works of the
company. The purchase is to be determined on what
are known in England as ‘ tramway terms,”’ that is to
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say, no payment is to be made in respect to compulsory
purchase, good will, or past or future profits. Excep-
tions are made with regard to the private wire business
of the company, which can be carried on without the
Postmaster-General's license, and a very few cases
where the company’s license has, for reasons of benefit
to the public, been extended beyond 1911. Three-
fourths of the whole purchase money may, at the
option of the Government, be paid by way of annui-
ties for a term not exceeding twenty years. The
Postmaster-General is also clothed with power enabling
him to object to the purchase of any plant unsuitable
for the carrying on of business.

In order to insure the efficiency of the service during
the company’s continuance in possession and opera-
tion, it is bound by agreement to allow intercommuni-
cation without additional charges between the systems
of the Government and those of the company, and is
forbidden to show any favor or preference as between
subscribers.  'While the minimum and maximum rates
that the company can charge are fixed, it is provided
that, if on complaint and on full inquiry the company
is shown to be giving inefficient service in any district
or community, the Postmaster-General may take over
the company’s business there at once, without any
payment or allowance for good will. The amount of
money involved in this wholesale transaction can not
be determined closely, but it may be stated that the
company has a share capital of about $22,500,000,
with debentures amounting to nearly $20,000,000
more. The company has'been operating on a reason-
ably profitable basis, paying an average of 5 per cent
on the stock. Owing to the close association of the
telegraph and telephone systems in England as oper-
ated under Government control, it is difficult to
determine the profit, if any, that is made by the sys-
tems under State control. The deficit on the operation
of the telegraph service as a whole in 1903 was
£601,711 ($2,928,227), and in 1904 was £983,681
(84,787,084). :

In the city of London, which has by far the largest
system in England, and includes an area of 640 square
miles, the National Telephone Company had over 60
exchanges, and the post office 17 or 18. Within
that area at the end of 1904 there were 93,598 sub-
scribers. On March 1, 1904, the Government service
included 10 exchanges, with 15,632 subscribers. Of
these, 10,541 were connected with the main office,
called ‘“central,” and a second exchange of the same
character having become necessary, one was under
construction, with a maximum capacity of 18,000
lines. The length of the underground pipe for cir-
cuits laid in the London area was 1,146 miles and,
including 32,248 miles allotted for the use of the
National Telephone Company on rental terms pend-
ing the transfer of the company’s system to the post
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office, cables containing 125,717 miles of wire had
been provided. :
The report of the Postmaster-General states that
the sum represented as rentals of the post office pro-
vincial telephone exchange circuits and of private
subscribers’ wires was £206,786 ($1,006,324), and it
is also noted that the amount of royalty received
during the year from the National Telephone Com-
pany was £169,853 ($826,590), the amount received
from other licensees being £3,266 ($15,894). An in-
teresting par<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>