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TELEGRAPHS.

CHATPTER I
TELEGRAPH AND CABLE SYSTEMS.

General statistics.—Prior to 1902 the only census at
which statistics for telegraphs was reported was that
of 1880, which covered the fiscal year ending nearest to
Juno 1, 1880, But as the reports of that census con-
tain no data relative to domestic ocean cable systems,
the statistics are not strictly comparable with those
for 1902. The comparison of the totals for the two
censuses can be used, therefore, only as a general
indication of the magnitude of the industry at the
two periods.

The statistics concerning the telegraph and ocean
cable systems relate to all operations of commercial
land telegraph companies owned and operated within
the United States, and of domestic ocean cable com-
panies operating from the United States. The cloge
relationship between the land and ocean telegraphs
makes it impossible to present the statistics for the two
classes separately. ,

As the majority of the telegraph systems are oper-
ated in a number of states, their business could not be
segregated so as to show the capitalization, income,
expenses, and equipment for the different states.
Hence only the totals for the United States are given.

It should also be noted that in compiling the statis-
tics for telegraphs the systems were divided into two
general classes—the commercial land telegraph and
the ocean cable systems, including all systems organ-
ized primarily for the transmission of messages for the
general public; and the railway telegraphs, including
all wires owned and operated in connection with a rail-
way system, to subserve its business of a common car-
rier, or operated by a commercial telegraph company,
through an arrangement with the railway company
along the right of way on which the wires are strung,
whereby messages relating to the railway business are
given preference. The railway telegraph statistics are
treated later in a separate table. .The commercial
telegraph systems are given in Table 1.

Tavzn Lo—~Commercial systems—comparative sumanary: 1902 and
- 1880,
1002 1880
Numbor of ystemB .. i arrreraicaieeanaaianane.. 25 177,
Milos O WIr® .o vu e iiiariaetiinanvnanaccionaassanasnas 21,318,380 201,213
Mosgagos:
Number...e... N 101,066,287 | 131,703,181
Rooolpts. . .vvecianions .| 2820, 118,080 | 4813,612,110
'l‘(ﬂﬂ[-’,’l'tl{)h ollloes, DUMDOT..vese.,es 27, 12,410
Balaried ofMelnls, elorks, ote., munber . 3 33
CWage-camors, total number, ....... . 26,708 14, 501
OPOLALOT8. cvuvvvinernnvnreinan 13,003 9,001
MOHHBIBOIE . 4 v e v s iviicensarnnsinerranranainnrnan 4,748 2,400
AlLOthOTB. v e vmvwvneninnnns Ceiieaesenen .- 8,950 2, 401
Anlarias AN WAEDS. . vrarinersimetiieansiases «ovo] 815,030,073 84,880, 198

Coplinl stock: s
Authorized, par valua.....
Outatanding, par value,

Total TOVenue, cav..o... P

Giross rocolpts from tolegra;
From othor BOULTE0R.ca v en.. ) 629, 4600 1184,
TOUT OXPENBOB . « v e v verinarsssn neanernernasrasraran $37, 204, 727 $14, 080,372
BoJarios and WARBOH. .. cveeiiorvainrarrriisinanns 814,030, 078 , 880, 1
Oporation and MaNTONANG . . vutiiiiiiarrseeans 80,220,948 $3, 840, 030
8 T S $1, 060, 282 04, 34
Dividends........ 80, 260, 003 %4, 136, 750
All othor exponsos 2 737,131 8 %1, 520,114
Nob surpiis....oueess $3,795,311 $1,737,251
Balanee sheot: s
OLAL RBAOEE « v s wsveeersusninansuorromryranssansns 8105,508,775 $07,282, 640
Construcetion and equipment.............,..| $150,011,448 803, 002, 022
Ronlestote, stocks and bonds,machinery, ote.| 332,220,204 )
Bills andd acoounts reeelvable. covrveaniiiiaas , 084,730 $3,081,022
Caeh and doposlts...... . $3, 287,384, $1, 087, 700
Totnl Habliitles, . $105, 503, 778 207,232, 040
Caplinl atook $117,053, 626 07,901, 256
Bonds. ... 545,803,000 | 1080, 300,106
Cosh Inveatmoent of X
nips, resorves, Hilla and aceonnts pauynble,
dividenda ynpaid, ond surplig.. .o eaea. $32, 657, 260 | 1 §10,002,220

1 Includos 0 operated by Woestorn Unlon Tolegraph Company.
 Ineludes milos of wire o{mmtad Iy the Westorn Union Telegraph Company
outslde tho Thlted States, but does not.dnelude 10, 677 nnutical miles of cable oper-
ated by submarine cable ayatems.,
Includes 820,408 cablo measagoes,
1 Both number of messages and rccm.ptMvom roported for 54 companies,
whilo 17 others reéported recelpts only,
8 Inoludes $1,320,007, recelpts fox cablo mossnges.
8 Reported by only 42 companies ju 1880,
7 oy oash, .
8 Includes $40,000, sinking fund appropristion.
? Not reported separatoly in 1880,
1 Tneludes funded and floating debt,
1 Reported s profit and loss,

It will be scen from Table 1 that the telegraph sys-
tems of the country owned and operated 1,318,350
miles of wire, to which should be added 16,677 nautical
miles of submarine cable. They had 27,627 employeocs;
an investment, or capitalization of stocks and bonds,
of $162,946,5625; o total revenue of $40,930,038; and
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total agsets ol $195,503,775.
dividends and $1,950,282 in interest on bonds. In all
these respects, as well as in the number of messages,
the telegraph was surpassed by its younger rival, the
telephone, and, while the telegraph has intrinsically
grown rapidly and has in-itself the elements of steady
increase, the statistics in this report give every
warrant for the belicf that each year must see a wider
disparity between these two vital means of inter-
communication.

Chief features of the data.—The: striking decrease
between 1880 and 1902 in the number of separate
holdings, due to the numerous consolidations which
have taken place of corporations previously compet-
ing or not before under one ownership, has been
aceompanied by a very great increase in the magni-
tude of equipment and business. In 1902 the telegraph
business was practically controlled by two companies,
-yet, in spite of the tendency of consolidation to reduce
the number of lines and offices, the mileage of wire
in operation was more than four times and the number
of messages nearly three times greater than in 1880.

The wire mileage in operation in 1902, exclusive of
16,677 nautical miles of cable, was 1,027,137 miles
greater than in 1880.

The comparison of the number of messages sent dur-
ing the two census years is affected by the fact that,in
addition to the 820,498 cable messages included in the
total for 1902, an unknown number of cable messages
was reported by a company that did both a land and
ocean business, and whose report could not be segre-
gated. Moreover, in 1880, the number of messages was

reported for only 54 companies; of the 23 other com-

panies, 17 reported only ‘‘ receipts from messages,”
5 kept no records, and 1 had no message business.

The average rate per message in 1902, after deduct-
ing the number of cable messages and receipts there-
Trom, was 31 cents, as compared with 43 cents in. 1880.

The number of telegraph offices in 1902 was 27,377,
an increase of 14,867, or 118.8 per cent over 1880. Of
the total number in'1902, 20,809 were in railway
stations.

Between 1880 and 1902 the number of salaried offi-
cials, clerks, ete., increased from 337 to 829, or 146 per
cent; the total number of wage-earners, from 14,591 to
26,798, or 83.7 per cent; the number of telegraph oper-
ators, from 9,661 to 13,093, or 35.5 per cent; and the
amount paid in salaries and wages, from $4,886,128 to
$15,039,673, or 207.8 per cent.

They paid $6,256,693 in-

TELEPHONES AND TELEGRAPHS.

Comparison with the telephone.—It is an interesting
and not altogether unprofitable speculation to attempt
a determination of the effeet of the telephone in redue-
ing or checking the amount of telegraph business,
’I‘hls effect is produced in two ways—Dby substituting
the long distance telephone call for the telegraph mes-
sage between two widely separated points, and by obvi-
ating to a very large extent the necessity for using the
telegraph within city limits. The effeet of the tele-
phone on the district messenger service is referred to
later. Asto long distance and toll line t Olvphonu talks
or messages, the hcmros of telephone traflic give these
as no fewer than 120,704,844, or nearly thirty millions
more than the total number of telegraph moessages,
While a great deal of the telephone traffic has been new
and self-originated, its competition has kept down the
use of the telegraph. The rates of the two systems for
medium distances do not differ greatly, and for very
long distances they are overwhelmingly in favor of the
telegraph, if the message be talken as the unit; but if
the number of words exchanged be taken into account,
as well ns the time required Tor getting into communi-
eation, the telegraph is at » disadvantage in case of o
large amount of traflic.  Frequently the briel messago
will suflice, and the written telegraph serves ns a record,
but where a swilt interchange is required, the telephone
seems to have thoroughly established its superiority
for social matters and for business. The public em-
ploys the telegraph at the rate of only a little more
than once a year per capita, whoveas the number of
telephone messages is already 65 per capita.

Comparative date—earnings and expenses.—In the
reports ol the census of 1880 statistics of revenue and
expenses were presented for 75 of the 77 systems or
companies: The 2 other companies (one was not in
regular operation, while the other did not have tha
necessary records) reported a combined mileago of only
301 miles. The 1880 statistics of assets and linbilitios
covered the operations of 42 companies, Of the 35
other companies—many of them of a petty char-
acter—18 were lines owned by railway companies
which included the data for both railway and telegraph
business in the same balance sheet, 7 failed to give a
reason for not furnishing the data, 4 madereports that
were too incomplete and unreliable to be included in
the table, and 3 were private concerns. Of the 25
telegraph systems reported in 1902, 21 were operated
by incorporated companies. The capitalization of
these companies is shown in Table 2. ‘
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TasLe 2.—Capitalization of incorporated companies: 1902,

Numbor of incorporatod compPamies. . e cvaravsenneacrreriseiens @ a1

Capital stock and bonds authorized, par value..... $173,120,078

Capital stock and bonds outstanding, par value $102,046, 525
Capital stock;

Total authorized, par valus.....oiiiiiiiiiin i, $123,233,076

Total outstanding, par value. ... ....coimmeennarnnnios, .. $117,053,525

Dividends pald... .. ..... e mearessretesaroarr Tttt rentanats $0,250,003
Common--

Authorized, par value. .

.. $122,038,0758
()ut;stmuling,l]&nr valuo.

. $115,853, 625

Dividends paid......... 80,193, 663
Preferred—
Aunthorized, par value. ..oiviiciioineciriinienenains $1,200,000
Ouistanding, par value + $1,200,000
Dividends pal $03,000
Bonda:
Authorizod, par value $40,803,000
Outstanding, par value .. $45,808,000
Interoest padd. .. coiiiiviiinianas ceen. $1,040,150

Of the total authorized capitalization of commercial
telegraph systems, capital stock constituted 71.2 per
cent and bonds and funded debt 28.8 per cent. Of the
total authorized capital stock, $117,058,5625, or 95 per
cent, had been issued and was outstanding at the end .
of the year covered by this report. Of this amount, 99
per cent was common, and 1 per cent preferred stock.

The dividends paid on the capital stock outstanding
amounted to $6,266,693, the average rate being 5.3 per
cent. Dividends amounting to $6,193,693 were paid
by 10 companies on common stock, having a par value
of $113,913,725, so that the average rate was 5.4 per
cent. Only 1 company was authorized to issue pre-
ferred stock, and the entire amount, $1,200,000, was
outstanding, This company paid on its preferred
stock dividends amounting to $63,000, the rate being
5.3 per cent. Ten companies, having capital stock to
the amount of $1,939,800, paid no dividends during the
year covered by this report.

Bonds were outstanding to the amount of $45,893,-
000, and $1,949,150 was reported as paid in interest,
the average rate being 4.2 per cent. R

The total revenue and expenses of the 25 companies
- for the year covered by their reports are arranged in
‘Table 3 in the form of an income account.

Tanrn 3.—~Commercial systems—income account. 1902.
. 338,800, 600

“Gross recolpta from operation

Opernting axpoensos. . a.eve.. . 20,502,411
Net onrnings from oporatlon....oeeeee-t eernneanmamaannaaarans 8,708,188
Income from othor sources: :
Dividends on stock of other gpmpanies.......covneeen $1,169, 068
Leaso of lines, wireg, and condults..... Vreeneen - 4,185,700
Ront from real 0stato....oiiivanne. v 206,070
TNteroBt. oo eaere e carnnarnonsnnanss o . 6,719
MIBCOIATIOONS s v v e nrnerionnrrsnnrnaraannsernnsmnse . 72,223
~~~~~~~~ e B,020,400
-Gross incomo 1nss operating expenses. ...... vevermeeamann Vensaeraenae 14,837,627
Doductions from incoma:
PAXOB. e earavensnrerarsncusonransnasasanasban [ 588,720
Interost-—
Floating debb. cuveieiaeiinresevseanenriannas PR 1,182 L
~ Funded dobt. ., .. 1,049,160
Pald for Joased Hnes...coee e cnrrannrereness vemmenean 1,818,015
s 4, 3565, 623
NOt INCOIMO. .t vrirnsrennensrssrsssssensssnsnsrsinasvnnsassoasenssonn 9,082,004
Deodnetions from net income: .
Dividends on proforred 800K, c.vveeiensraiicloninannn 08,000
Dividends on common 8L00K. e e v vncivrssrevsrrnmrass 0,193,003 . .
e (1,200, 603
Net BUrplus f0T JOAT. o v vuuessnssirrarannesrnarsormnannensrsnsasansisass 3,725,811,

The total receipts of the commercial telegraph com-
- panies amounted to $40,930,038. Of this total,

$35,300,569, or 86.2 per cent, represents the gross re-
18407—06—8
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ceipts from operation, including all receipts for mes-
sages sent over the lines of the telegraph systems in this
country, whether originating in this country or for-
warded for other systems under traffic agreement.
The “income from other sources” amounted to
$5,629,469, or 13.8 per cent of the gross revenue.
The operating exponses are presented in Table 4,

TanLk &.—Commercial systems—operating expenses: 1908,
t
$26,502, 411
for s e

(engral operation nnd maintenance. .
Halaries of corporation ofMivers
Salarios of gonoral officers. ..
Salaries of clarks........

Rentals of conduits and undorground privilegos.
Tolegraph trafe pald or due other companies

1820
Miscollaneous. ... .. c.auene ceenasrnnn e

S 520,088

- Tt is probable that the $26,592,411 shown for oper-
ating expenses includes all expenses that can be charged
to the operation of the 1,318,350 miles of single wire
and the 16,677 nautical miles of ocean cable.

COf all operating expenses, salaries and wages to-
gether amounted to $15,039,6873, or 56.5 per cent; the
other prineipal item, operafion and maintenance,
amounted to $9,220,048, or 34.7 per cent; and the
remaining items of expense—Ilegal expenses, rentals,
telegraph traffic paid or due other companies, ete.—
amounted to $2,331,790, or 8.8 per cent. '

TFixed charges, which consist of taxes, interest, and
payments for leased lines, amounted to $4,355,623.
Deducting this from $14,337,627, shown as gross in-
come less operating expenses, there remains a net in-
comé of $9,982,004. Deducting from the net income
the §6,256,6908 paid in dividends on the preferred and
common stock, there ‘remains a" net surplus of
$3,795,311. - :

In addition to the cost of repairs and renewals, in-
cluded in the item operation and maintenance, an
expéntiture of $4,776,763 for new comstruction was
reported by 7 of the 25 telegraph systems.

. While different methods of bookkeeping were used
by ‘the several systems, and different items shown in
theiy annual statements of assets and liabilities, it was
found possible in every case to secure the amounts
required to construct a balance sheet of the character
shown in Table 5. ‘

Tanin B.—Commerelal sysiems—balance sheet: 1902,

B0 - 1 “eennes $105,608,775
Conatruction and eguipmend. ..o rnireiirieiiiriiiiiietaneaa . 156,011,448
ROt 08EOT0 v o v v s manaanerraniaraenenven . . 4,768,181
Stocks nnd bonds of other companies. . 25,089, 044
Mashinery, tools, and aupgllan 0486, 708
Bills and aoeounts recelvablo. 3,084,730
Casl and doposits..evecs'va 3,287, 384
Bundry...cooivenanies Sebmedirsreanann e coeakna e 560, 334

Ttk HabILIns. covvervuncensiviviinnssnsainnnossasinanannas .o 108,508,775
Caplnl BL0CK...cvveiirsennnerasnanaes Cravenac AT AR T naas e vaney s 117,058, 525
Bonda...yeiiciinicsansonnan P , 808,
Cash investmaent, unincorporated companie ,
Rosorves,, 7,860, 648
Bills-and accounts payabl 6,244, 586
Dividends unpald.... . ... . 300, 060
Burpluivesiiivvesoaassinns weearans 18,070,041
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important cities and towns in the United States,
exclusive of New York city. This company, which
has a twentygﬁve—.jem- contract with . the Western
Union Telegraph Company for the delivery and col-
lection of messages, has an authorized eapital stock
of $10,000,000, of which $9,500,000 is outstanding,
On this a dividend of 5 per cent was paid up to 1904,
when the rate was reduced to 4 per cent. All message
collection and delivery business of the Western Union
Telegraph Company in New York city is handled by
the local American District Messenger Company,
which operates 85 offices in New York city, with 1,552
miles of circuit, 29,143 instruments, and 1,200 muoes-
sengers. The authorized capital stock of this com-
pany is $4,000,000, of which $3,844,700 is outstanding.
The dividends upon this in 1902 and 1903 were 2 per
cent. The revenue from all sources was $567,676
and the operating expenses, inclusive of construction,
$511,808, The net income was $65,868 and the divi-
dends $76,888, leaving a deficit of $11,020. These
figures are compiled from the last annual report of the
company. It may be added that the Postal Tele-
graph Cable Company has organized a number of
district messenger companies to render services anal-
ogous to the above, but in regard to these also no
figures were collected. :

The stock quotation service—A. part of tho tele-
graph force of the country, more particularly in the
large cities, is employed in handling stock quotations,
a large number of the operators being in private em-
ploy. The quotations are not brought to separate
account as messages, except perhaps in the figures
of work done by the submarine cables; but it has been
stated on good authority that there are on an average
1,000 Wall street cable messages per day, or about
three hundred thousand per year; but this would by
no means include all the cablegrams relative to prices
of, or speculation in, stocks, wheat, pork, cotton,
coffee, tobacco, ste. .

The extent of the use of telegraphy in transmitting
stock quotations is mot perhaps fully appreciated,
although the public is quite familiar with the stock
ticker and the paper tape upon which the ticker
prints its abbreviated record of sales and prices. The
largest amount of this work is done in New York city,
and under the direct supervision of the stock exchange,
which treats the quotations made within its walls as
the property of the exchange and its members. One
stock quotation system, with about one thousand tick-
ers in service, is owned and operated by the exchange.
This system sent out over the tape nearly thirteen
million separate impressions in 1901-2, and over
seventy-five thousand on some. days, while it required
about fifty tons of paper to keep the tickers supplied
. with reels of narrow tape. In addition to this official
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service, there is another under exchange supervision,
which furnishes tickers to aboul seven hundred and fifty
customers in and around New York,  Besides these
nearly one thousand more tickers are employed on
Manhattan Island in reporting produce, general news,
sporting intelligence, ete. Tt will he seen that in the
ageregate o vast amount of telegraphie serviee s
thus furnished to the publie,  But this is not all, as
outside of New York city twenty large cities have
ticker services of their own, which in Chieago, Phila~
delphia, Boston, cte., represont a further patronage of
this speeial form of telegraphy, now an indispensable
part of daily life to the financial and commereinl
world. The ticker serviee is also supplemented by
a nows system, which consists of hulletins sent out hy
one or two enterprising agencies and depends in large
measure upon telegraphic advices for its material, It
is extremely diflicult to bring such work to specifie
account, but an pstimate was made o fow VOUPR ey
by one of the presidents of the Western UTnion Tele-
graph Company that 46 por cent of the messages
transmitted wore in reference to speculation of some
kind.

Jommercial telegraphs on stewan vedlroeds. - -Along the
right of way of stewm railway companies the eoni-
mereial telegraph systems had 181,021 miles of pole
line, on which wore strung 954,319 miles of single
wire, or 72.4 por cent of the total wire mileage oper-
ated by all commereial telograph systems, as shown
In Table 1. Of thiy wire, 935,400 miles were coppex
and 18,910 were iron, In addition to this wire thes
railway companies owned and operated a lurge mile~
ago in conneetlon with the transportation husiness.

Railway telegraphs and telephones.~There were 84
railway companies that reported the operation of tele-
graph or telephone lines in connection with the trans-
portation business, In their reports to the Interstute
Sommerce Commission the railway companies fur-
nished eonsidorable information concerning their tele-
oraph and telophone systems.  Thisinformation wass
supplemented by data obtained by the Burcau of the
Census through correspondence with the compunies.
The results of the combined inquiries nre summarizecl
in Table 10,

Tante LO-—Railway telegraphs anvd telephones - -sunanary: THR.

Number of companies feporting. oo e i iieicna i i i Vit

Nunber of Lelegraphu Oflleet. oo vaei i iiirrcervnaranircnons heresens i
Teley mpl]\ operitors aud dspatehers:

UIMDOT . eiv sve e annnvne P AN, T

B T Y ramsarrrean $20, (440, VoY

Numbar of gots ol instrumenta:
o8

! m‘; ............................................................. ®h, T
11 [iTE S
Numbor of cells of Hatts *
Primary...oooonaea. . veen WKy
Stornfm.... . 11,414
Miles of single track. . . YO, Ak
Total X8 0L WIrt, oot e st c e e 1,187,
OwWneda..oie i evnanns T P 243 v
NOLOWNU. o ner i ciiniincrcieserussrannaen . L IR 1)
Nurihor of telnphones IMUSE. oo it vineriresrraravsansarresss 15 W

Number of ‘(‘.ulnp{mph mesarges sont durhyg year:
For rafirond isiness only. .. o R0L TR, TG
Commorcial . R I HE T
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The railway companies for which data are included
in Table 10 operated 204,503 miles of single track
and had 1,127,186 miles of single wire along their right
of way. Of this wire mileage, which includes both
telegraph and telephone lines, no segregation being
possible, only 242,837 miles, or 21.5 per cent, were
owned by the railway companies.

A large proportion of the telegraph and telephone
wire along the right of way of railway companies,
and a considerable proportion of that operated by the
railway companies is owned by commercial telegraph
or telephone companies and is included in their re-
ports. Hence an unknown portion of the wire mile-
age reported for railway telegraphs and telephones is
8 duplication of that shown in the report on commer-

ial telegraph companies. Moreover, many of the
commercial messages reported are included, also,
among the messages reported by the commercial tele-
graph companies. TFew railway companies, however,
maintain telegraph lines for other than railway busi-
ness, the commbercial privileges, as a rule, being
granted to commercial telegraph companies.

The railway companies reported 31,278 telegraph
offices, but only 30,336 telegraph operators. It is
probable that in a number of instances the railway
companies reported as station masters, agents, etc.,
employees who also performed the duty of telegraph
operator, and that. these were not included with the
operators.



CHAPTER IL
GOVERNMENTAL TELEGRAPH AND TELEPHONE SERVICE.*

Several branches of deparftments of the United
States Government depend largely in their work
upon the employment of the telegraph and telephone.
Chief among these are the Signal Corps, the Weather
Bureau, and the Life-Saving Service.

Unated States Signal Corps.—One of the earliest
demonstrations of the value of telegraphy in warfare
was that given in the United States during the Civil
War, when for several years a large body of operators
on both sides was employed in the maintenance of
communication between the forces scattered over the
immense area embraced in the field of conflict. On
the Federal side no fewer than 1,200 operators were
thus employed in the field, sharing all the perils and
vicissitudes of the war. Out of the conditions thus
developed sprang the present telegraphic system oper-
ated by the Signal Corps of the United States Army
under the Chief Signal Officer.  According to thereport
made for 1903-4 by Gen. A. W. Greely, Chief Signal
Officer, this corps has by law an authorized strength
of 1 brigadier-general, 1 colonel, 2 licutenant-colonels,
6 majors, 18 captains, 18 first lieutenants, 36 master
signal electricians, 132 first-class sergeants, 144 ser-
geants, 156 corporals, 552 first-class privates, 168 pri-
vates, and 24 cooks—a total of 46 officers and 1,212
enlisted men: At headquarters in Washington a staff
consisting of 1 chief clerk, 1 chief of disbursing division,
26 clerks, 3 messengers, and 1 laborer is also necessary
for the prompt and satisfactory transaction of public
business passing through the office. At the Signal
Corps post at Fort Myer, Va., the Corps has an im-
portant school of instruction, although work of a more

~extensive character is now being done at Omaha,
Nebr., in the instruction of enlisted men in signaling,
telegraphing, telephoning, ballooning, ete. -During the
year military telegraph lines, with an aggregate length
of 507.5 miles, were-in operation at ten different posts,
and handled 41,805 messages, while at four differ-
ent posts, lines aggregating 254 miles were transferred
or abandoned. The sum of $2,213.07 was collected
for the transmission of commercial telegrams over
the military lines, and the sum of §3,450.65 was col-
lected and transferred to commercial companies,.the
latter amount covering tariffs for messages transmitted
by such companies over their land lines.

The Signal Corps in the Philippines.——These statis-
ties, however, are far from doing justice to the work of
the Signal Corps, particularly in Alaska and in the new
American possessions in the Philippines. At the end
of the fiscal year 1003-4 no less than 42 por cent of the
enlisted force of the Signal Corps was still serving in the
islands, and fully 50 per cent of the entive Corps has
been required by military necessities to serve there for
periods ranging from two to four years. The work of
the United States Signal Corps in the Philippine arehi-
pelago marks in reality a distinet advanes in the appli-
cation of electricity to the art of war. In extent of
mileage of circuit, rapidity of development, and num-
ber of military messages transmitted its operations
have surpassed those of any previous military systeny
of communication. The submarine cables laid and
land lines built had an aggregate length of 10,450
miles, of which 7,000 miles were operated at one time,

Yeneral (reely states that tho oflicial messages haverun
into the millions, and that in Manila alone over 100,000
words were handled by the Corps in o single day.  For
the first four and one-half years the entire expenditure
for material and instruments, submarine cables, and
other expenses out of the Signal Corps approprintion
aggregated $1,381,614.  In connection with this work
the dishursements of other bureaus of the Army, ete.,
have been estimated at $1,100,000, making the total
cost, direct and indirect, for the entire plant and its
operation and maintenance ahnost $2,600,000.  Dur-
ing the year of nctive operations the cost of sending
words over land lines was about five mills per word, and
over submarine cables three cents per word.  This in~
cludes the cost of plant, operation, maintenance, and
all other expenses, but does not take into account the
value of lines and material on hand or transferred o
the civil government. In this connection it is inter-
esting tonote that the estimated cost of telegrams over
the British military telegraph system in South Afvien
was fixed at about seven mills per word.  The average
for the Philippines covered, however, only the opera-
tion of land lines, whose original installation is less
costly than submarine cable, while in the South Afvi-
can figures credit is taken for the full value of all stores
and other material used in the construction of the lines
transferred to the civil administration after the Boer

War.

! Many of the statements in this chapter are derived from the Annual Report of the Chiel Signal Officer, U. 8. A., for the year ending June #0,

1904, and from the Report of the Chief of the Weather Bureau for 1902-3.
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Up to June 30, 1904, there had been transferred by
the Slgnal Corps Lo tho civil government of the Philip-
pines 2,065 miles of land lines and submarine cables.
Yet, as a matter of fact, the United States Army in 1898
had I'ound theislands pracmcully destitute of telegraphic
facilities, the insurgents having destroyed the few Vis-
ayan luws of the Bastern Extension, Australasia, and
China Telegraph Company (Limited). By the fortune
of war there came into the possession of the Signal
C()rps about 400 miles of dilapidated and antiquated
line in northern Luzon, but the system as it stands at
the time of this report is virtually a new creation
throughout.

Thc tarill value of the messages sent by the Signal
Corps. under disturbed conditions in the Philippines
can not be satisfactorily determined, according to Gen-
eral Greely. It may be stated, however, that the
Eastern Extension 'I‘olcwmph Company (the only com-
mereial system operating in the islands) at a minimum
commercinl tariff of 5 cents a word for official business
would have received for this work $7,7568,750.  As will
be noted, the cost to the United States, through the
operations of the Signal Corps, was less thun one-third
of this amount. There should be added ‘also in these

estimates the charges for more than 2,000,000 tele-
phone messages, amounting, at 10 cents per message,
to at least $200,000. There should also be credited to
the Signal Corps the tarifls, amounting to, $82,996.12,
collected for commereial messages and chspatcheq and
paid into the insular treasury. Gratifying as this ex-
hibition is, the service rendered has obviously been too
valuable tn bo measured by tariff rates. On this point
‘Gen. Arthur MacArthur may be quoted as follows:

- The wire serviee of the Signal Corps is simply indispensable. Tt is not

too much to sny that in tho absenes of this efficient sevviee it, would e .

impossible to hold this avchipelago with Joss than 150,000 men, which is
now well and efliciently performed by 60,000, Wo need wires, instru-
ments, and operators everywhare-—the moro the better. It simplifies
everything, makes wnity of action possible, -insures concentration of
troops on threntened points, and, altogether, is of such importance thab
it is impogsiblo to suy too mauch in behalf of its indefinito extonsion to the
limit of possiblo usefulness, .+ The purposs of the present
writing is to impress tho War Department with the view that suecesaful

operations in these islands absolutely depend upon the Signal Corps, in’

consequonce of which provisions therefor should be made wpon o seale
commensurate with the importance of the interests involved.

As a further illustration of the aid rendered national

officials engaged in civilian work, the following is
quoted from a letter written by Gen. J. P. Sanger,
U. S. A., Director of the Philippine Census:

Sinee January 1, 1903, almost the entire correspondence of the Bureat
has been by telegraph, and during this peried I have sent and veceivad
nearly 10,000 tclegrams and cable messages, many of them at great
length and o large proportion of them in the Spanish language.

With the exeeption of o few errors—due, no doubt, to idiomatio and
obseuro phrases, requiring oceasional repotition—the.work has been car-
tied on with such skill and dispateh as to merit sppeinl commendntion;

and, beforoe leaving Manila, I wish o express.to the members of the Sig-

nal Corps performing the duties of telegraph aperators my high appre-
ciation of their efforts and of the excellent organization and administra-
‘tion of the telegraph service,
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With regard to the facilities afforded to trade and
commerce in the Philippines, it may be noted that in
June, 1901, the Chief Signal Officer made arrangements
which inereased largely the telegraphic facilities avail-
able to merchants and others. Every office in the
archipelago was opened for insular commercial com-
munication, while 60 of the larger offices were accorded
facilities for handling foreign cable messages. The
tarifl fixed was very low, bemg 2 cents per word for
points on the island of origin and 4 cents per word for
points outside. The receipts from all such commercial
messages were deposited in the insular treasury. To
sum up the conditions of operation in the 1’]1111pp1nes
there wero on July 1, 1003, 4,577 miles of wire, of
which 3,105 were land hnes and 1 472 submarine cables.
Part of this system during the year was transferred to
the civil government and part abandoned, so that on
June 30, 1904, the Signal Corps was operating 2,052
miles of land line and 1,468 miles of ‘cable, connecting
in its general system 84 telegraph offices nnd 13 tele~
phone offices, exclusive of the telephone exchanges in
Manila and at military posts. In the operation and
maintenance of this system there were on duty at the
end of the year 9 officers, 1 detailed officer from the
line of the Army, and 356 enlisted men of the Signal
Corps, as well as 158 civilians, of whom 147 were na-
tives of the Philippines. In the city of Manila the
telegraphic and telephonic systems, on a single con-
ductor basis of estimate, aggregated 174 miles of cir-
cuit, of which 123.4 was telephonic. The military
telephone system embraced 211 telephones connected
with one main central with & 100-drop switchboard in
operation night and day, and two subcentrals oper-
ated 10 hours daily. The number of calls during the
year was 201,997, Outside of Manila local telephone
systems for mlhmry purposes had been established at
28 army posts and stations and had an aggrogate of 38
miles of circuit and 229 telephones. In addition it is
understood that the constabulary lines of the Philip-
pines aggregated 4,203 miles, of which 172 were cable,

+1,861 telegraphic land lines, and 2,170 telephone lines.
‘ In connection with these, 66 telcgmph offices and 197

telephone offices and stations were maintained.
Alaskan telegraphs—In Alaska, as.well o8 in the

' Philippines, the United States Signal Corp& has had an

arduous and serious task to p(,rfmm in establishing
and maintaining telegraphic ~communication. To

realize the extent of the territory covered in that region

by the network it would be necessary to plot it on a
map of the United States as stretching from Wyoming
to the Bahatnas. The cables used would streteh from
Newfoundland to the coast of Ireland, and the land
lines would extend from Washington to Texas. The.
entire construction included 3,625 miles, embracing
2,079 miles of cable, 1,439 mlles of land line, and a
wireless system of 107 miles. These operauons‘
include, moreover, a most extensive utilization of
American material, apparatus, and skill in the field of
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submarine work. The seamless rubber cable of
American manufacture laid by the Corps hetween
Sitka and Seattle is 1,070 miles in length, laid at an
average depth of 1,000 fathoms and at an extreme
depth of 1,700 fathoms, and it is said to have a trans-
mitting power greater by 25 per cent than the amount of
, capacity arrived at in accordance with a mathematical
caleulation on the basis of the transatlantic gutta-
percha cables, while in its original cost the former was
less expensive than the latter. The cable in Alaska
has been thrown open to public use and operated most
successfully. The other extensive portion of the
Alaska cable system-—the Sitka-Valdez section—is 640
miles in length., These cables are operated by Signal
Service operators, employing the latest Cuttriss syphon
recording instruments. The following sections, aggre-
gatmg 2,128 miles, are now installed and in opemuon
in Alnskun waters:

Miles-
Skagway to Fort William I, Seward. ... ... ... ... ..... 21
Fort William EI. Seward to Juneau.... .. ... ... .cvuuoo... 102
JUNGAU B0 ST« men et mmee e e e e e e e 201
Seattle to Sitka. . ..o L 1, 070
Sitka to Valdez. ..o .. L. e e 640
Valdez t0 Trort LasCum. . cuee vt ei et e i me e e e ce e e 4

If the Norton sound cable, which has been aban-
doned, be included, a total of 2,260 miles of submarine
cable has been laid in the waters about Alaska. The
land line system of Alaskan telegraphs, nearly 1,500
miles in length, was scarcely completed when in June,
1903, extensive forest fires in the valley of the Tanana
destroyed various portions of the circuits, aggregating
100 miles in length. The line was rebuilt, however,
and thrown open to the general public for commercial
service before winter began. It has since been oper-
ated with unusual success, although the difficulties are
serious and exceptional, as a result of high gales, inac-
cessibility, the rigors of winter, etc.. No fewer than
206 breaks, due mostly to blizzards, forest fires, high
winds, and sleet storms, have had to be made good.

The Norton sound section of Alaska has been the
scene of the development by the Signal Corps of a wire-
less system necessitated by the apparent inability to
maintain permanent cable connections between Cape
Nome and St. Michael. In the late summer of 1903
the wireless bases for Norton sound were established
at Safety harbor and St. Michael, where portable
houses were built, in which were installed engines, bat-
teries, and wireless apparatus, supplemented at each
station by two masts 210 feet high, between which
were suspended fan-shaped antennae, consisting of 125
copper wires one foot apart. The genemting plant
comprises a 5-horsepower gasoline engine, a 3-kilowatt

.motor dynamo, a 60-cycle alternator, and step-up
transformers. The transmitting and receiving appa-
ratus operates successfully across a distance of 107
miles, and with it, in one afternoon alone, 5,000 words
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were exchanged between Safety harbor and St
Michael. ~Up to the present time this wircless system
has sent over 1,000,000 words. It has heen so success-
ful that General Greely has recomimended its extension
to Duteh harbor or some other point in Unalaskn,
pointing out that the Signal Corps wireless station at.
Safety harbor could work to Nunivak Island to the
south over the 250 miles of sea intervening, and that
the Navy Department could, by stations of suitable
power on Nunivak and Unalaska Islands, perlect com-
munication over the balance of the distance, which is
less than 400 miles. Similarly the signal station at
Safety harbor could communicate readily with o wire-
less station at a suitable point on the Asiatic shore of
Bering strait, thus completing the cireuit around the
world by that route, as was attempted and abandoned
at the time when it was first proved that cable could
be made operative across the Atlantic ocean.

During the year $56,035.80 was spent for Alaskan
telegrams handled by the Signal Corps alone,  Of this
amount, there was collected on account of Alaskan line
tariffs $12,208.93, which was deposited in the Treasury
of the United States, as required by law. There was
also collected and turned over to other lines the sum of
$17,5639.81. The balance, $27,187.15, was colleeted
by other lines for tariffs on messages sent into and out.
of Alaska. Of the entire volume of husiness, amount -
ing to 55,559 messagoes, there were 31,020 commercial
and 26,580 officinl messages, the 1ul.tm‘ being chiefly
telegrams connected with the transaction of Govern=
ment business within the tervitory., With the recent.
additions to the facilities above described there lins
been o rapid increase of traflic.

United States cable ships.—It was found necessury
that the Signal Corps should have a eable ship of its
own for its submarine cable operations, With thes
cooperation of the Quartermaster-General of the Army,
the transport Burnside has been utilized as o transport.
and as a cable ship in the Philippines and in Alaska.
The efliciency of this transport was demonstrated dur~—
ing 1904 in picking up and laying cables in ocean depthia
ranging from one to two miles.

For several years past the repairing of Signal Corps
cables along the Atlantic coast hins d o,pcndud upon tlyes
employment of commercial companies’ cable boaits,
with the result that, despite every eflort, cables copm
nected with some of the most important defenses of
the United States have been -interrupted for longr
periods because of the mability to secure promptly
suitable boat by charter. During 1904 the Quarter-
master-General of the Army purchased a boat, whicty
has been named the Cyrus W. Field, and which is
used by the Signal Corps for such work. Thoe Field is
fitted up with such cable apparatus as makes it n1n
efficient and satisfactory boat for cable maintenance
and repair.
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Other telegraphic work of the Signal Corps.—Other
work of a telegraphie charaeter under the management
of the Signal Corps comprises the ()]j)(\rM;iOh of the
telegraph and  cipher burenu of the White Iouse,
which places the Commander-in-Chief of the Army
and Navy in quick and direet communication with the
military and naval forees of the United States.

A fTurther development of the work of the Corps has
heen found in the organization of the Signal Coi‘ps of
the National Guard. There exist, as shown by the
1904 roport of the Chief Signal Officer, distinet
organizations of this character, with commissioned
officers and enlisted men, in California, Colorado, Con-
neeticut, Ilineis, Indiang, Towa, Louisiana, Maine,
Massachusetts, Nebraska, New Jorsey, New York,
Rhode Island, Texas, Utah, Washington, West Virginia,
the Distriet of Columbia, and the territory of Okla-
homa; while detachments under noncommissioned
officers have heen organized in Maryland, New Hamp-
shire, Rhode Island, and the territory of Arizona.
These organizations are drilled in telegraphic technique
and practice, are generally equipped with apparatus,
and have shown themselves able to transact a consider-
able volume of telegraphie business during maneuvers
and special operations of the National Guard.

Telegraphy in the Weather Bureau.—~An important
development of the oflicial telegraphs of the United

- States has heen that carried on by the Weather Bu-

reau of the United States Department of Agriculture,
with headquarters in Washington. An idea of the
extensive nature of this work may be formed from the
fact that on July 1, 1903, no fewer than 2,015 places
in tho United States were roceiving daily forecasts,
926 were in receipt of special warnings, and 7,096 were
in receipt of emergeney warnings, all this work being
done at Government expense. By means of the tele-

phone 28,251 stations were in receipt of daily forecasts

and 7,602 of specinl warnings, while in addition 3,087
points were renched daily by means of railway tele-
graphs, these being supplemented daily by an allied
sorvice by railway trains at 2,423 points, by mail at
78,164 points, and by rural free delivery service at
07,648 points, Tho data for this distribution were
received in purt through the cooperation of the prin-
cipal telegraph companies, while the Weather Bureau
had, at the date of its report in 1903, 421 miles of tele-
graph and telephone lines. The office operates also
systems of submarine cable, as, for example, 9 miles
from Key West, Fla., to the storm warning and vessel
reporting station on Sand Key Island, Fla.; 234 miles
of submarine cable from Point Reyes Light, Cal., to
Southeast Farallone Island, Cal.; and 8 miles of cable
from (Henhaven, Mich,, to connect with the storm
warning display station on South Manitou Island,
Lake Michigan. These are typical examples of the
cable operations necessitated by the work of the

Weather Bureau. The  most notable extension to
the work of the Bureau was made by means of the tele-
phone, in regard to which Dr. Willis L. Moore, Chief
of the Weather Bureau, in his report dated August 11,
1903, says: -

A marked increase (nearly 20,000) is shown in the number of places
receiving forocasta by telophone without expense to the United States,
and with the rapid extension of “farmers’ teleplione lines” (so called)
opportunity is afforded for placing weather information directly in

“the hotes of the more progressive agriculturists, as well as in the tele-

phone exchanges of rural centers of population, where it is posted for
the benefit of the general public. The managers of these local tele-
phone lines seem to be very much interested in this matter, and, with
very few oxceptions, have given their hearty support in making the
distribution as successful as possible. ~ It is not difficult to secure the co-

_operntion of these officials, as o statement of the fact that forecasts

can be had gratis adds to the inducements which they can offer to
prospective subscribers. The great advantages of this plan of dissem-
ination are apparent when we consider the very early hour at which
the production reaches the subscriber and the slight amount of labor
involved in furnishing him with the information.

The weather map published by the Bureau summa-
rizes daily-in graphic form the telegraphic work done,
being a photograph, so to speak, of weather conditions
prevalent. over the entire country. The record is
taken daily at 8 a. m. and 8 p. m. at each of the 200
stations distributed over the 3,000,000 square miles,
and embodies barometric and thermometric data, as
well as observations relating to wind, rain, etc. , At
8.30 p. m. these reports are dispatched to Washington,
with theright of way overall other telegraphic business,
and from them the map and the forecasts are devel-
oped each day at headquarters in Washington. The
national capital is thus the central station from which
the principal forecasts are sent out. 'Local forecasts
are also issued at Chicago, Boston, New Orleans, Den-
ver, San Francisco, and Portland, Oreg. The fore-
casts made for thirty-six or forty-eight hours are sent
to the morning and afternoon papers and are pub-
lished in 2,600 daily newspapers, in addition to the
distribution given them as already noted. The

- promptness and value of the service may be inferred

from the fact that in the middle Western states, from
Ohio to Nebraska, 600,000 farmers obtain the morning
weather forecasts by telephone thirty minutes after
they are issued. ' o

The total cost of the Weather Bureau is about
$1,400,000 a year, and the careful investigation of an
American insurance company has shown that the
annual saving to the people of the United States by
this telegraph and telephone weather service is
$30,000,000. It is stated that during the cold wave
of 1898 fruits valued at not less than $3,400,000 were
saved by the telegraphic forecasts. With regard to
shipping, also, the warning service has been of great
utility, for forty-five minutes after the determination
of a storm warning at Washington it is brought to
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the notice, or placed in the hands, of every sea captain
in every lake and -ocean port of the United States:
It is stated that whereas formerly 75 per cent of the
loss of the shipping on the Great Lakes was due to
storms, now less than 25 per cent can be attributed
to this cause on account of the efficiency of the storm
‘warnings.

United States Life-Sawving Service~—An important
and valuable branch of telegraphic and telephonic
work done by the National Government is that con-
stituting the operations of the United States ILife-
Saving Service, conducted under the administration
of the Treasury Department. This service does not
now maintain, and never has maintained, any tele-
graph lines. The telephone is used exclusively be-
tween the life-saving stations in preference to the tele-
graph; for it is more convenient, its use is more easily
learned, special operators are not required, and ils

maintenance is easier.  As is well known, the stations

of the Life-Saving Service extend along the coast of the
United States at intervals of but a few miles, so that
the whole seaboard is under patrol, and news of o
shipping disaster or similar occeurrence at one poing
can be imwediately communicated to contiguous sta-
tions and the necessary aid obtained. = The first lines
of the Service were established in 1879, and the system
has been gradually extended along the various coasts
until, according to the statement of Mr. 8. I. Kiwm-
ball (for many years General Superintendent), thero
are now more than a thousand miles of line conneeting
stations with cach other where they are contiguous
and geographically related, and conneeting isolated
stations with the nearest local telephone exchange,
The termini of all the lines running along the coast
are either connected with or in the inunediate neigh-
borhood of the general telegraph systoms of the coun-
try, so that messages can be promptly transferred
from the telephone lines to the telegraph lines and sent
to any part of the country. The utility of this servico
is frequently tested, not only in the communication
of news to the press, but also in case of shipwreck, in
enabling anxious friends and relatives to get in touch
with each other with a minimum of agonizing doubt
and delay. '

Upon the plan above outlined, the country, or coust,
is divided into 13 distriets. The region of the Great
Lakes is an exception to the plan, there being no sys-
tem of continental lines connecting station with sta-
tion, except in a few cases where such an arrangement
can be advantageously eflected.  Most of the stations,
however, are connected with telephone exchanges,

giving long distance facilities in addition to local
service. :

All the telephone lines of the Service are construeted
and maintained by a superintendent of telephone lines,
with the aid of a corps of seven linemen, distributed
over the various coasts of the country as the necessi-
ties may require. These linemen, however, are
assisted in their duties by the life-saving erews, when
sucl assistanco can be rendered without interfering
with their rogular duties. Tt is difficult, if not impos-
sible, to give nn adequate idea by figures of the amount
of work performed by the telephone corps attached
to this service. These men, it may be said, are incos-
santly on duty, ready to meet the emergencies brought
about by the shifting of heaches along the coast, the
cutting through of gullies and injets by severe storms,
the strokes of lightning, and other troubles that tend
to the interruption of constant communieation over
tho circuits, As an illustration of the importance of
the system, the following passage may be quoted fromn
the official pamphlet entitled *“Organization and
Methods of the United States Life-Saving Serviee,””
published in 1804:1 ‘

Tho telophone lines which now extend along nearly all those portion-
of the const on which contiguous stutions are lorated muke it casy tos
quickly concentrate the erews of two or more stations ad uny point
whoere additional foree s required, ws in the case when several wreeks
oceur nt tho snmo time in the sume neighborhood, and the double sguips-
ment ot ench station expedites this concentration by permitting the
rainforeing erow to come unencumbered. A notable illusteation of the
honefit of such o eombination of erows was the work achieved near Capue
Henlopen in the great storm of September 10, 11, and 12 lnst, one of g
most destruetive that has ever visited our const, when the erews of e
stations, under the leadership of Captain Clampitt, of the Lewes Station,
roseued the erows of 22 steanded vessels—-1904 porsonsehy the use of
every form of reseuing applisnves, 23 being Ianded with the suefhosts, 14
with the self-vighting lifoboat, 135 with the breeches buoy, and 20 witly
the lifo ear—not a life boing lost,

The telegraph and railrond systems of the country ave also used to
seenro the services of the erswa ab seenes of reseus fne remote from thae
stations,  On two ocensions the Clovelsnd erew has heen enlled Lo Cine
cinnati, Ohin, and Nowport, Ky, & distanes of 240 miles, to render aid ta
the sulferers from inundations in the Olhio valloy,  On the fivst oceasion,
1,200 porsons wers suecored: on the second, over 8K, The erew of tle
Sturgeon Bay Ship Canal Station, Taeke Superior, was onea eallod nt
night to Choeolay Beack, near Murquotte, Mich,, a distanes of 110 miles,
Proceeding by speeial train ranning ab the highest stininable speed, s
taking with them their benchi apparatus and hont, they renched the
boneh nb midnight, and, through a blinding snowstorm and in spite of
hitter cold, wero ablo Lo board two strandoed vessels and resenp 24 persons
aftor avery offort of the citizons had failed. - Shorter jowrneys of from 15
to 30 miles by rail are frequently undertaken, espeeially where the rail-
way slirts the shore, ag it does on many parts of the coast.

1By Sumner T Kimball, Genernl Superintendent of - the Serviee,
Read before the commitios on life-saving systoms und devices, Interw
national Marine Conforonce, November 22, 1889; puges 28 und 29,
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CHAPTER IIL
HISTORY AND DEVELOPMENT OF TELEGRAPIY.

Pioneers of telegraphy.—TFrom the earliest dawn of
civilization there has been an insistent effort to develop
and perfect means of communication for the exchange
of intelligence. The fundamental idea of society is
that of intercourse, and it might be said that the place
of any people in the scale of civilization may be deter-
mined by the extent to which it has cultivated and

perfected its facilities for intercommunication. Among.

gome ol the most barbarie and primitive races, how-
ever, ingenious methods for signaling have long been
known, and in the earliest historical records of the
leading nations of antiquity are to be found frequent
notes of the speed with which dispatches could be sent,
signals exchanged, and warnings given over great
expanses of country by various noises, columns of
smoke by day, bonfires on mountain peaks by night,
and other dovices, some of which to-day remain as
obscure in their nature as they appear to have been
certain in their results. Many instances are noted in
which the news of o great event has apparently been
cireulated hundreds of miles away simultaneously with
its oceurrence, From the scientific standpoint it
soems cortain that in the strict sense of the term no
telegraphic ageney intervened and that in each case the
rumors were nothing more than the expression of
natural foreboding or instinetive prophecy. Dis-
missing telepathy from consideration, it would seem
that the earliest systematic telegraphic work was that
dono by means of hlcrnalmg semaphores, which to this
day remain extensively in use on rzulroacls and
frequently under electrical control.

With rognrd to tho use of electricity or magnetism,
Galileo, in 1632, referred to an oceult art by means of
which sym]mthotu' magnetic needles, though widely
separated, could be made to exchange slgnu]b for pur-
poses of communicating intelligence, but this was
merely the echo of a tradition or superstition that had
come down from the ancients.

The discovery of an electrostatic discharge from a
body electrified by friction was eagerly seized upon as a
means of signaling, and as carly as 1727 Stephen Gray
made an electric discharge from an excited glass tube
situated at one end of the line, to pass over a circuit
some seven hundred feet in length, suspended in the
air by silk threads, and thus effect the motion of a pith
ball- electroscope located at the other end, It was

" tional machine to deliver a charge to the wires.

" or of & metallic salt.

obvious that the delicate movements. of the electro-
scope could be made to constitute a system of signals,
Twenty years later Professor Watson constructed a
telegraph line that extended from the rooms of ‘the
Royal Society of London over the house tops and used
the earth as the return circuit, e employed the dis-
charge of a Leyden jar or condenser as the current for
operating the crude signals. A year later Benjamin
Tranklin sent crude signals across the Schuylkill
river at Philadelphia. Cumulative results from these-
experiments set many minds working upon the prob-
lem of an electric telegraph, and in 1753 a practical’
suggestion of this nature was made by an unknown
correspondent of the Scot’s Magazine, who advanced
the idea of having parallel wires corresponding to the
letters of the alphabet extended between two given
places. In 1774 an actual working telegraphic line of
this kind was established at Geneva, Switzerland, by
T Suge, who had_ 24 wires, insulated in glass tubes,
buried in the earth, and employed an m'(h:mury frie-
Such
work remained, however, purely experimental and
fruitless until the discovery of the primary voltaic bat-
tery by Volta enabled investigators to dispense with the
use of frictional machines and placed in the hands of
inventors and physicists a readily available source of
current,

From this new point of departure successful ad-
vances were soon made. In 1812 Professor Soemer-
ing, of Munich, brought out an electro-chemical tele-
graph which was highly ingenious. Employing the
discovery of the power of a current from a battery to
decompose water, he caused the passage of the current
over the circuit to evolve gas in the appropriate tube
at the other end of the line, thus indicating any one
of the 35 numerals and letters, About the same time
gimilar work was done independently by Doctor Coxe,
of Philadelphia, the signals being distinguished at the-
far end of the line through the decomposition of water
Ingenious as these methods were,
it ‘is obvious that a telegraph systemy comprising be-

 tween 30 and 40 circuits and depending for its signals
upon the evolution of a tiny bubble of gas could never

be very practical. Another German, Schweigger,

“veduced this ponderous system of 35 wires to 2, the

letters being indicated not simply by the bubbles, but
’ (111) '
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by the time elapsing between their appearance. A
remarkable step forward was made in 1816 by Ron-
alds, of England, who invented a telegraph system in
which he used clocks, one at each end of an under-
ground wire. In front of each clock was suspended,
from an insulated ‘wire, a pith ball eclectrometer.
These balls were discharged as a brass plate or hand
capable of being moved along the signal disk was
made to touch a given letter, so that a series of signals
could thus be transmitted equivalent to letters or
numerals. Ronalds worked a line not less than 8
miles in length, but the transmission was slow.” Upon
the communication of his plan to the British Admi-
ralty, he was informed that ‘‘telegraphs of any kind
are now wholly unnecessary’ and that ‘“no other
than the one now in use would be adopted.”” The

English Government at this time Wwas using sema-

phoric telegraphs, which had been improved by an
Englishman named Murray from the telegraphs of like
character employed by the French.

A significant advance was made in 1819, when the
physicist Romagnesi discovered the deﬂectlng influ-
ence of a galvanic current on a free magnetic needle,
causing it to take a position at right angles to the flow
or direction of the current; the direction of the current
being reversed the deflection of the needle was also
reversed. This and the great discovery by Oersted of
the production of magnetism by electricity served as
the basis of the needle telegraph system, as well as the
groundwork of all modern telegraphy.

In 1820 Ampére, in a memoir to the Royal Academy
of Sciences of Paris, disclosed the plan of an electrie
telegraph which depended on the deflection of & mag-
netic needle surrounded by coils of wire through which
the currents were passed. Ile remarked significantly
that the communication between the battery and the
different coils was to be opened and closed by means of
keys, but he still based his apparatus upon the employ-
ment of as many wires and magnetic needles as there
were letters.
discovery that the deflection of the needle might be
increased by coiling an insulated wire as a helix and
thus conducting the current around the needle from
end to end; while in 1821 Arago noted that a piece
of .soft iron thus surrounded by a helix of wire,
when a current of electricity was passed through it,
became a temporary magnet. In 1825 Sturgeon, of
London, found that by loosely coiling copper wire
~around a varnished piece of insulated soft iron bent
- into the form of a horseshoe, the successive.coils being
nsulated from each other, he could at will, upon pass-
ing & current through these coils, convert the soft iron
into an electro-magnet and could as quickly demagne-
tize it. This provided means for reciprocal motion
and for so controlling the movements of an armature
in front of the electro-magnet that it acted in response
to current impulse from a distant point, thus giving

In 1820 Schweigger made the interesting |
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signals that might be taken by cither the eye or the
ear, or even beimpressed upon paper. It will be scen
that, while no practical telegraph had yet heen brought
out, successive experimental steps had developed the
sources of current, effective circuits, and electro-
mechanical and ele(-tro—clwnucnl means, so that, by
forees liberated or utilized at one end of the circuit,

signals could be received and recorded ot 1110 other end

many miles away

The year 1837 was a notable one in the history of
telegraphy, for the reason that Wheatstone and Cooke,
in England, utilizing the work of Oersted and his con-
temporaries, devised an operative mneedle telegraph
with 1'1ght and left deflection, and put it into actual
service in 1838 on the line of the London and Blackwall
Railway, one of the first of England’s steam railroads.
They employed two wnductorb and two needles. At
almost exactly the same time Steinheil, in Germany,
discovered that a good electric connection could be
made with the ground at each end ol o single line, so -
that the return cireuit or wire was no longer needed,
while the resistance of the line was greatly reduced.

Simultaneously Morse, in America, was doing his
great work, and in 1837 was able to make a public
exhibition of apparatus whose conception dated back
to 1835. Prof. 8. I. B. Morse was n man of typical
American versatility, one of the fathers of American
art, as well as one of the founders and the first presi-
dent of the National Academy of Design. Ilis fame
vests, however, upon his elestro-magnetic telegraph,
and, while his share in this and even hig originality has
been bitterly contested and tho essentials of the art
have been claimed for his (hstmgumlwd agsociates,
Professors Henry and Alfred Vail, it is impossible to
deény that from Morse sprang the original concoption
and that by him much of the original work was done.
Through struggle and privation his persistent and pexr-
severing efforts carried the invention to the point
where it became a practical and invaluable axt. The
status of Morse in regard to the telegraph has been
admirably set forth as follows by the late James D.
Reid:!

Morse’s entrance into the circle of invenfors was sudden and unex-~
pected. o was o painter, cducated indeed in goneral clectric
science to the extent attainable by collegiato instruction and intimacy
with professional toachors, but having never pursued its study with
veference to practical resulis. e entered now not so much to discover,
although even in this he has earned a permanent fame, as to invent and
combine. Ho brought into use the painter's mt . . . the blend- *
ing, the combining of things known. Io took {amiliar clements, and,
with a dexterity which looks like inspiration, put them togother. Ie
then invented a language by which they could find expression. Up to
his time it is well known that there had been practically no telegraphio
language. Morse gave the alphabet of that language, snd it is to-day
acknowledged and employed by all nations as tho telegeaph idiom of the
world. There was also, as all know, up to Morse’s time no recording

telegraph. Morse also gave that, and it is it preferential use hy every
nation on the earth,

1The 'l‘elegruph in Amurwn, pug_,u 7.
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With regard to another important step, the relay,
Reid® has also the following:

" Morse made his discovery with the relay in 1836, It was the discov-
ery of a means by which the current which through distance from its
source had beeome feeble could be reinforced or renowed by its own
action, It made transmission from one point on a main line, through
indelinitely great distances and through an indefinite number of branch
lines, and to an indefinite number of stations and registration at them
all, by the manipulation of a single operator at o single station, both
possible and practicable.

It was not until 1837 that two of h1s 1nstrumonts
were put in operation at the ends of a short line. In

the earlier stages of his work Morse had thought it.

necessary to embody the signs to be recorded or printed
in o kind of type which would regulate the opening and
closing of the cireuit, in order to mark or imprint cor-
responding points or signs upon a card or strip of paper
at the desired intervals of time, For this purpose he
made & quantity of type, some few pieces of which are
still preserved, but in his more perfected apparatus
this plan was abandoned.

In 1837 Morse filed his caveat in the United States
Patent Office and six months later applied for a patent,
which he obtained in 1840. His first completed
instrument for recording was tested in 1835, and a
model of the relay was shown to a fow persons in that
year and in 1836, The apparatus shown to Alfred Vail
in 1837 was already in such promising and operative
condition that the offer of pecuniary and mechanical
assistance was immediately made to Morse by the
Messrs. Vail, for which assistance Morse assigned to
Vail one-fourth interest in the patents. A Morse
instrument made at the Speedwell ivon works of the
Vail family at Morristown, N. J., was put in experi-
mental operation over three wires of copper circuit
carried around a room, and on January 24, 1838, this
apparatus was shown in operation at the University of
New York in Washington Square. A few weeks later
it was inspected by the Committee of Science and Arts
of Franklin Institute, whose report may be taken as
authoritative of the stage of development and as evi-
dence of the fact that telegraphy had reached a
practical stage. The report says:

The instrument was exhibited to them in the hall of the institute,
and every opportunity piven by Mr. Morse and his associate, My, Alfred
Vail, to examine it earefully and to judge of its operation, The instru.
ment aay be briefly described as follows: (1) There is a galvanic bat-
tery of sixty pairs of plates, set in aotion by & solution of sulphate.of
coppur.  (2) The poles of this battery ean be connected 4t plensure
with a cireuit of copper wire, which in the experimonts we witnossed
was 10 miles in length. The greater part of the wire was wound
round two cylindors, and the coils insulated from one another by being
coverod with cotton thread.  (3) In the middle of this ¢ivcuit of wive—
that is, st what was considered virtually s distance of 8 milea from
the battery—was the register. In this thers is an electro-mngnot made
of & bar of soft iron bent into the form of a horseshoe, and strrounded
Dy coils of the wire which forms the eireuit. The kesper of this magnet

*The Telegraph in Americn, page 78,
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is at the short ond of a bent lever, at the end of the longer arm of which
is o fountain pen. When the kesper is drawn against the magnet, the
pen comes in contact with a roll of paper wound round a cylinder, and
makes & mork with ink upon this paper. While the telegraph is
in opevation, the cylinder which earries the paper is made to rovolve
slowly upon its axis by an apparatus like a kitchen jack, and is, at the
same time, moved forward, so that the pen, if constantly in contact
with the paper, would describe a spiral or helix upon its surface, (4)
Noar the battery, at one of the stations, there is an interruption in the
eireuit, the ends of the separated wiro entering into two cups, near to
ench other, containing mercury. Now,if a small piece of bent wire ba

" introduced, with an end in each cup, the cireuit will be completed, the

eloptro-magnotb at the other station will be set in action, the keeper will
be drawn againgt it, and the pen will make o matk upon the revolving
paper. On the othier hand, when the bont wire is removed from the
cups, the olreuit will be interrupted, the elsctro-magnet will instantly
cense to act, the keeper will, by its weight, recede n small distance from
the magnet, the other end of the laver will rise and lift the pen from
the paper, and the marking will ceass. (5) The successive connec-
tions and interruptions of the circuit ave executed by means of an
ingenious contrivance for depressing the mrch of copper wire into the
cups of morcury, and raising it out of them. This apparatus could
not be deseribed intelligibly without a-figure, but its action was simple
und very satisfactory. (6) Two systems of signals ‘were exhibited,
one representing numbers, the other latters. The numbers consist
of nothing move than dots made on the paper, with suitable spaces
intervening, Thus ... .. ... .. would reprosont 825, and may
either indiente this number itself, or & word in o dictionary, prepared
for the purposs, to which the number is attached, The alphabetical
signals are made up of combinations of dots and of lines of different
longths. There are soveral subsidiary parts.of this telegraph which
the committee have not thought it nacessary to mention particularly.
Among these is the use of n second electro~magnet at the register, to
give warning by tho ringing of .o bell, and to set in motion the appa-
vatus for turning the cylinder. The operation of the telegeaph, ns.
oxhibited to us, was vory satisfactory, The powor given to the magnet
b tho registor, through n length of wire of 10 miles, was abundantly
sufficient for the movements required to maik the signals, The comn-
munication of this power was instantaneous,” Tho time required to
wake the signels was ag shovt, ot least, na that necessary in the ordi-
nary telegraphs, It appears to the committes, therefore, that the
possibility of using telegraphs wpon this plan in actual practice is not
to be doubted, though difficulties may be anticipated which could not
be testéd by the trinls made with the model, One of these relates to
the insulation and protection of the wires, which ave to pass over many
miles of digtance to form the cirenits between the stations, ‘

In 1837 Morse had made a report to the Secretary
of the Treagury of the United States with regard to
his telegraph system, and in the following year it was
exhibited hefore the President of the United States
and his Cabinet. Morse now attempted to secure aid
from Congress for the construction of a line about 40
miles in length between Washington and Baltimore,
and finally a bill was passed by a small majority
appropriating $30,000 for this purpose. This line was
duly constructed, and on May 24, 1844, Miss Ells-
worth, daughter of the United &tates Commlssmner of
Patents, sent over it the memorable message, “ What
hath God wrought!” A short while afterwards the
National Democratic Convention, sitting in Baltimore,
nominated Polk for President, and the immediate
transmission of the news by telegraph to Washington
not only caused s sensation, but helped the young
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invension in many other ways. During the session of
‘1152‘1&):1;;()12 i,)ongic;sg mz{xde an appropriation of abous
$8, 0 keep the systeny in operation durine the ve
and placed il}lumlur the supul"%risi(m of ;,11111: li;%sijullll(;a};:lr‘:
General. A tarifl of one cent for every four characters
was instituted, and Messrs, Alfred Vail and J. H. Rog-
ers were appointed operators under Professor Morse as
superintenident.  The Governmment declined, however,
to go any further in its assistance, and also refused to
purchase the Morse telegraph for $100,000, the price at
which it was offered by the inventor and his associates.
Thus, contrary to the practico prevailing in Europe,
the telegraphs reverted to private hands and have so
remained up to the present time.

Commercial developments. The early days of teleg-
raphy as an industry in the United States witnessed
the usual diflicalties and disasters that every new art
encounters.  The growth of business was naturally
attended also by a great many rivalries and compe-
titions.  The first chapter of the American commercial
telegraphic development, summing up all the pioneer
work of whatever character, may be said to have closed
with the formation of the Woestern Union Telegraph

sompany, whichin 18566 consolidated a large part of the

telegraphic systems of the country. No sooner had
Morse shown his system to be operative and succeeded
in enlisting capital than other inventions and devices
also found their supporters, and it took several years
belore the ehaos of conflicting elaims and methodscould
be reduced to system and the best types of apparatus
could establish their superiority. The Morse system
has always been based essentinlly upon the operation
of a lover key, tho depression. and raising of which,
opening and closing the cireuit, eauses & series of longer
and shorter clectrical impulses to pass over the wire,
thus making corresponding elicks with the sounder or
imprinting themselves on tape as dots and dashes, the
nature and sequence of which translate themselvesinto
letters and numerals.

But from the very first other principles competed
with this simple manual plan, and some of them remain
operative to the present day, though, strange asit may
seenm, after three-quarters of a century of tremendous
clectrical development the whole great telegraphic
system of the world is still hbased primarily and essen-
tially upon the skill of the human hand—i. e., upon

manual operation as distinguished from mechanical

transmission,  In other words, telegraphy remains a
handicralt.  Machine telegraplyy was, however, like
chemieal telography, given a very early trial, and some
of the companies competing with the Morse system
based their claims to public support upon the employ-
ment of printing apparatus, such as the Hughes and
Phelps, and, perhaps more notably the House, upon
“which patents were granted in 1846 and in 1852. Some
idea of the ability of the Tlouse mechanism may be
formed from the fact that ity capacity has been rated

I
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at from 1,800 to 2,600 words an hour; indeed, a press
report containing 3,000 words, more orless abbreviated,
has been sent by it in the same time. Two men were

“required for the reception or transmission of such g

message, one known as the “grinder,” to give the
machinery motion by turning a crank, and the other
to act as the operator. Some of these operators he-
came so expert and highly trained .that, even when

the type wheel was performing at the rate of 6,000

revolutions per hour, they could calculate the varia-
tion of time between strokes, and read messages on
the House printer from the sounds these made.

Such automatic or machine printing systems have
attracted attention from time to time, and several are
now before the public as competitors for favor. None
of them, however, has been able to secure the enthusi-
astic approval of telegraphic authorities in America,
although claborate and continued experiments have
been made over long circuits, and the only one in
general employment outside of the Morse system is the
more or less antiquated Wheatstone, in which mes-
sages are prepared by perforating tape by hand
punches, the tape being afterwards’ run through
machines permitting signals to be transmitted, which,
upon being taken off at the other end of the long cir-
cuit, give a record in dots and dashes in ink on a
strip of stiff paper. A speed of 400 words a minute
is attainable with the perforated tape run through a
Wheatstone automatic transmitter at high speed, the
receiver at the distant end giving a clear and distinet
impression of the signals. This speed is, however,
only attainable on circuits of moderate length, say 200
miles of overhead line. As compared with such rapid
work the average rate by hand of from 25 to 50 words
a minute seems very slow. This slowness is oflsot, of
course, by the time spent by the Wheatstone operator
in preparatory punching; but an enormously incrensed
amount of telegraph business can be transmitted by
the machine method over the same wire, and great
economy is thus obtained in the time during which
the circuit is occupied for the transmittal of a messago.
The assertionis made by the advocates of automatic
and high speed telegraphy that, given favorable con-
ditions, such systems would enable a large propor-

~tion of the mail matter now sent by trains to he put

on the wires with enormously increased expedition.
Thus the written contents of a whole mail bag from
New York to Chicago, if handled by automatic or
machine telegraph, could be sent over the cireuit
between the two cities in one or two hours, so that a
letter written at the seaboard in the morning could he
delivered to a merchant on the banks of Lake Michigan
before his lunch hour. Automatic high speed tele-
graph systems, in which speeds of 1,500 to 2,000
words per minute are attained, have usually employed
at the receiving end chemically prepared paper, upon
which the current by its decomposing effect traces the
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dots and dashes of the Morse alphabet. One of the
chemical solutions used for this paper is iodide of
potassium, the current setting free the iodine, which
appears as brownish characters upon the paper strip.

The inventors of automatic systems maintain that
all this is feasible and should have been carried out
long ago; while, on the other hand, the managers of
large telegraph systems, although permitting their
wires to be used for such experimental work, assert
that the practical difficulties are too serious to be over-
come, and that the key and the sounder associated
with the Morse alphabet remain to-day the necessary
foundation of the commercial telegraphic art. With
one of the modern machine telegraphs, the ingenious
Buckingham system, over one and a half million mes-
sages have been transmitted, and a record has been
made of 2,429 words between New York and Chicago
in slightly less than twenty-four minutes. In this
system the messages are actually received in type-
written form on message blanks and are thus ready
for instant delivery.

One striking improvement has boen the invention of
duplex, quadruplex, and multiplex telegraphy. In
duplex telegraphy two distinet messages are simulta-
neously transimitted in opposite directions over a single
wire.
one wire at the same time in the same direction. The
next step made was due largely to the work of Edison,
and was that of enabling one wire to carry two mes-
sages at the same time from each end of the line. A
number of working circuits in America are thus quad-
‘ ruplexed, and the “phantom circuits’ thus created
effect an enormous saving in line construction. It has,
indeed, been asserted that such saving amounts to as
much as fifteen or twenty millions of dollars in the
United States alone, _

A number of multiplex telegraph systems have been
brought out, although very few are apparently opera-
tive or in practical use. Among the most notable are

those with which the names of Gray and Delany have

been associated. Some depend upon musical tones,
which serve as the vehicle of an equal number of sepa-
rate telegraphic messages, These tones are sent over
the line in the form of rapid interruptions of current
obtained by means of tuning forks, vibrated auto-
matically by electro-magnets. Such harmonic sys-
tems, although admirable as beautiful inventions, have
no prominent place in the art.

A more practical development which has been car-
ried out on both sides of the Atlantic consists of the
synchronous system in multiplex telegraphy, such as
that of Delany, in which trailing fingers or arms passing
over the face of disks at each end of the line are main-
tained in synchronous relationship. The single line
wire between the two disks is led to the different por-
* tions of each disk in such a manner that as the two arms

travel around they can distribute electrical impulses

In diplex, two messages are transmitted over’

, poles were adopted at Louisville,

115
successively to each section. Through this division or
dissection of the line, say into as many as thirty-six
separate parts, it is feasible to transmit with virtual
simultaneity 36 separate messages. This ingenious
system has never been pushed to quite such an extent,
but it has been found possible to send several mes-
sages simultaneously in both directions. Obviously
either the arm may travel or the disk upon which it
makes contact may revolve, the result in each case
being the placing simultaneously in contact of cor-
responding parts of the disk, so as to give the sectors
and the operators working them: momentary use of
the wire in swift succession.

Aside from methods of sending dispatches, a great
deal of experiment was devoted in the early days to
the insulation of circuits. The idea of burying wires
underground was taken up at the very outset, but the
practice was soon adopted of raising the wires attached
to insulated arms, brackets, or knobs on poles. In
this exposed position, especially in wet and foggy
woather, the current leakage from the line rendered
the eﬂ'ectlve transmission of signals very difficult.
Both copper and iron wire was used in the first cireuits,
but copper was soon abandoned on sccount of undue
elongation and lack of tensile strength, and iron wire
came into common use. Onmany circuits the iron wire
wasfastened to the bare poles with iron staples,such
poor insulation resulting that the cutting down of every
second pole was actually carried out in order to render
the line operative. Some of the circuits were insulated
with tar; in one or two cases they were coated with bees-
wax. In a short time insulators fastened to the cross
arms by wooden pins were developed. As early as 1848
one of the contracts for circuits in Maryland, to be
built at a cost of $300 o mile for a single wire line,
specified. that there should be 20 poles to the mile;
that the wire should be three-ply, No. 14 iron wire,
painted when put up, insulated with square .glass
globes set in. the end of the poles, with a glass cover and
with a wooden one 10 inches square, the poles them-
selves to be of white oak, chestnut, or cedar. The
number of poles was soon raised to 35, but this appears
in other respects to have been fairly standard construc-
tion, At a very early stage, before 1850, neat iron
A very early form
of insulation was a small iron hat, into which an iron
stem with a hook was inserted and was held until

-~ hot brimstone in the hat had cooled and solidified

around it. About 1849 No. 9 galvanized iron wire
was adopted for some of the circuits'in New England,
associated with cylindrical glass globes for insulators.
These globes were secured by an iron stem and hook
to a wedge of wood insulated with gum shellac. Some
of the earliest circuits consisted of several strands of
No. 16 iron wire, twisted into a cord, the idea being
to increase both strength and conductivity; but it
was soon: found that this form retained moisture,
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which caused oxidation and disastrous weakness.
Other early attempts at insulation and the construc-
tion of durable circuits comprise the adoption of vul-
canized rubber as insulating material in place of glass,
and short poles of only 10 or 12 feet, so as to avoid
high winds and atmospheric electricity. It was soon
found, however, that vulecanite exposed to the atmos-
phere became foul and fragile, and that the shorter
poles, half the 1ength of the ordinary, were exposed
to the dangers of spring freshets, while the wires
could not be carried clear of buildings, ete., which
would not constitute an obstacle to circuits at the
ordinary height.

Submarine telegraphs.—The attempts to transmit
signals commercially through wires laid under water
date back as far as 1839. In the summer of 1842
“ Morse laid an insulated wire in New York harbor
between Castle Garden, at the southern extremity of
Manhattan Island, and Governors Island, the United
States military headquartera at the Junctmn of the
East and North rivers, ITe employed a wire wrapped
in hempen thread, well soaked with pitch and tar, and
surrounded by rubber. A few signals were exchanged
over this cireuit, but the cable was torn up, as a great
many of its successors have been, by the anchor of a

boat and part of it was carried off by the sailors. -

This experiment was repeated at Washington in the
following December and both experiments are
described in a letter of Mr. Morse to the Secretary of
the Treasury, dated December 23, 1844. Numerous
other experiments were made in the next few years
in the United States. The first submarine wire insu-~
lated with gutta-percha in this country was laid across
Hudson river in 1849 from New York city to the
New Jersey shore. This wire or cable having no pro-
tection other than the gutta-percha the circuit soon
broke down and was abandoned. The first subma-
rine cable of any length antedated this a year, having
been laid in 1847 across the strait from Dover, Eng-
land, to Calais, France, the cable consisting of a
copper conductor, surrounded merely by an insulating
layer of gutta-percha.

Although the early failures were somewhat discour-
aging, the more sanguine inventors and scientists
were convinced that such work could be indefinitely
extended. Morse said with regard to data obtained
from his own trials, “The practical experience from
this law ig that telegmph.lc communication on the
electro-magnetic plan may certainly be established
across the Atlantic ocean. Startling as this may
now seem, I am confident the time will come when
the project will be realized.” The same idea appealed
to many minds, but it was not until numerous shorter
lengths of cable had been laid in different parts of the
world, particularly those connecting England with the
continent of Europe, that the larger project was
pushed forward. The successful carrying out of the
idea was in great measure due to the courage and
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indomitable perseverance of a young New York mer-
chant, Cyrus W. Ficld, who associated with hinself
such well-known Americans as Peter Cooper, Maosess
Taylor, and Marshall O. Roberts. Capital w s
pledged, Government support was enlisted, on hoth
sides of the Atlantic surveys were made, and in 155
the first Atlantic cable was laid between Ireland ariel
Newfoundland. Congratulatory messages were ox-—
changed between Queen Victoria and the President «f
the United States, and the public enthusiasm on hotlr
sides of the Atlantic was intense.

Very little was known, however, about the coneli-
tions governing the construction of cables to he fow =
ered to and raised from such extreme depths as 2,00
fathoms, and this first cable linking the New Weorldd
with the Old lasted but a few weeks. Tts sudelexr
lapse into silence caused many people to be skeptical
as to whether messages had actually been exchanggered.
As a matter of fact, exactly 400 messages had bherermr
transmitted between August 5, the day it was eerr1=
nected on both sides of the ocean, and September 1,
the time of its interruption. Such a failure, follow ingz
a long series of other ruptures and interruptions, w s
enough to paralyze all further effort, but the courngre
of Mr. Field and his associates rose supormr B0 v ery
obstacle, and the work was renewed in 1865, when
another cable was laid across the Atlantic, only teo
break again in doep water before completion. A finanld
effort was made in 1866, when a third cable was SULe -
cessfully and permanently laid on the bed of the
ocean, while the cable laid the previous year woas
recovered and repaired in deep water, so as to becoria
available for business. By this time about $12,000,000
had been invested, all of which would havebeen totanlly”
lost had the attempt failed, so that one need hardl by
grudge the handsome rewards which were enjoyed Tay-
most of the parties in the enterprise when at last thedr
efforts brought fruition.

Since 1866 the history of submarine telegraphy hrns
been one of continuous advance, until all the cevans
have been occupied by these cireuits. The Inst devfi-
nite figures with regard to cables give the number s
1,750, with an aggregate length of nearly 2005, 03130}
miles, their cost being (»xt.unut(\d at $275,000,000 aaxed
the number of messages transmitted annually oveor
them at more than 6,000,000, The {leet maintaizyeed
for lnying and repairing these cables in all quarters of
the globe would constitute a fair-sized navy, mived
several large factories in the leading countries of tlie
world are devoted exclusively to Lho productions  af
submarine cable.

Submarine cables,—Considerable progress has Lo
made in the production of submarine eable, althoragrly
of late years the chief changes have been in the direo-
tion of increasing the weight.

At the present time such cable, as shown in illustrg.-
tion on page 117, consists broadly of a central corer oy
conductor of stranded copper wire, over which is g,
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layer of insulation consisting usually of gutta-percha
or a gutta-percha compound. These constitute the
cable proper, but are protected by a wrapping of jute
or hemp, around which is placed an external sheathing
of stranded iron or steel wires covered with tape and
compound.
weight of copper according to the length of cable and
_the speed at which it is proposed to send signals
through it. A small core permits only a slow rate
of transmission, while a large one allows a high rate
of speed to be obtained over the longest cable. The
copper core in a modern cable will weigh as much as
650 pounds -per nautical mile, with an electrical
resistance of nearly 1} ohms the mile. In the earlier
cables the gutta-percha insulation weighed about as
much as the copper—that is, 400 pounds to the mile—
which is now about the qtimdard weight for the gutta-
percha.

Such a cable cnn be worked over a distance of 1,850
nautical miles, or 2,130 statute miles, at a speed of 40
words, or about 20() letters, per minute, but lighter
cables do not permit of such a high efficiency. When
worked duplex, the carrying capacity of the cable. is
approximately 80 words, or 400 letters, per minute.
The shore end or shallow water portion of such cables
weighs about fifteen tons to the mile and receives
especially heavy armor on account of exposure to
abrasion by rocks, ice, ete.; but the deep sea portion
weighs only one ton to the nautical mile in water, with
a breaking stress of six tons, so that it would support
at least six miles of its own weight when immersed.
The cable to be laid is carrigd to sea in lengths of sev-
eral hundred miles, coiled up in large tanks, from
which the cable is paid out by means of a special,
highly ingenious gear and %he&v@s which permit the
operation to be checked at any minute. Should the
work of luying the cable be interrupted-—as, for exam-
ple, by fog or storm, or on the approach to shore—the
end is buoyed so Lhat‘, it can be picked up. Cable can
be paid out at a speed of four to eight miles an hour,
according to its size, the state of the weather, ete, In
some of the earliest work ruptures were frequent, but
at the present time cable laying is usually conducted
with great celerity, even in the Pacific ocean, where
depths of 5,000 or 6,000 fathoms are reached.

Submarine signaling.—While regular telegraphic
signals can be transmitted over short-lengths of cable,
their use is impracticable with long submarine cables,
and hence other means have to be adopted of causing
the electrical impulses to pass from one end to the
other. Tt might be supposed that strong and large
currents would be required, but the contrary is really
the case, and apparatus of the most delicate character
is employed, while the volume of current is very small.
Cable messages are transmitted in two ways. In one
the mirror galvanometer is used. The movements of

The core of the cable varies in size and -

TELEPHONES AND TELEGRAPIIS.

a mirror carried on the needle of the galvanometer
deflect, & small beam of light over a seale marked on a
sheet of white paper. A current passing in one direc-
tion through the galvanometer coils deflects the spot
of light to the left, while a current passing in the oppo-
site direction deflects it to the right., When the
needle is still, the reflected beam of light from its
little mirror forms a bright motionless spot on the
paper; but a very minute movement of the mirror is
considerably amplified by reflection, and the operator
finds it easy to read the signals thus sent by the cable
keys at the other end of the line. Such receiving
apparatus is extremely light in weight, the mirror and
the magnet weighing only from one and one-half to
three grains, so that the passage of an extremely
small current through the galvanometer coils will
transmit visible signals,

It can readily be understood that such processes,
while ingenious, are easily susceptible of interruption,
and that the strain upon the operator, watching in
the dark, the nwvement of the dot of light, is quite
trying. Moreover, no record is left. The other form
of apparatus, due primarily, like the cable mivror gal-
vanometer, to Lord Kelvin and known as the syphon
recorder, has very generally superseded the mirror
galvanometer, and this gives a record. In this appa-
ratus the moving member alfected by the passage of
current through adjacent coils carries a delieate glass
syphon, one end of which dips into o reservoir of ink,
while the other end is brought very near to the sur-
face of a traveling paper tape. The ink discharged
from the syphon as it moves to and fro makes a per-
manent record on the tape in a series of strokes look-
ing like the line of a serrated mountain ridge, the dots
heing represented by upward movements and the
dashes by downward movements. In the Kelvin
syphon recorder, in order to compel this ink to flow
out of the syphon, both the ink and the paper arve
oppositely electrified, the effect being to cause the ink
to be ejected so as to produce a line of minute dots.
The recorder sometimes failed to operate in damp
weather, owing to the dissipation of the electrostatic
charges on the paper and ink, but Cuttriss has suc-
cessfully overcome this difficulty by keeping the
syphon in constant vibration by means of electro-
magnets in the circuit.

Wireless telegraplhy —The aim in wireless telegraphy
is to establish electrical communication between two

‘stations without the use of wires for conveying the

impulses of the current. In its more modern aceepta~
tion the term is limited to aerial or space telegraphy,
depending upon the use of the ether as distinguished
from some of the earlier work in which bodies of water
were used as media for conveying signals. Such utili- .
zation of water dates back to the time of Franklin,
who in 1748 made some experiments across the Schuyl-
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kill at Philadelphia, while in 1842 Morse transmitted
signals across an 80-foot canal without wires, In
such experiments the actual media for conveying the
current were water and earth, which, like the wires,
are tangible substances rather than intangible, like the
tenuous ether.

This work was resumed in a more practical manner

nearly half a century later by Mr, Edison and other’

inventors in connection with train telegraph systems,
the objeet of which is to communicate with a moving
train remote from stations or signaling points. One
means of accomplishing this consisted in a sliding or
rolling contact with the train, like the trolley now
employed in street ears.  But the fundamental idea
of wireless train telegraphy being the absence of con-
tact, the Edison and other systems depend on electro-
magnetic or electrostatic induction for the transmis-
sion of signals.  Special apparatus installed in the
signaling station sends currents at a high rate of pul-
sation over wires paralleling the track along which
the train passes. These impulses are transmitted to
the passing train by means of either coils of wire
wound lengthwise around the car or, preferably, a
motallic roof or side on the ear.  This metallic surface
thus acts as one large plate of a condenser, The sig-
nals sent are roadily received, and messages can be sent
in like manner from the moving train to the parallel
circuits along the track. In such work it has heen
usual to employ a telephone as the<veceiver of the
usual dots and dashes as well as the telegraph key
and buzzer, and it is stated that messages have been
sent through the air in this manner between a fixed
circuit and a moving train through a distance as great
as 600 feet. Similar methods have been worked out
by Mr. Hdison and others for communication with
ships at sea, with balloons, ete. A full account of such
ingenious methods can be found by those interested in,
Maver's “ American Telegraphy and Encyclopedia of
the Telegraph.”

The wircless telegraph systems of the present day and
of the period embraced in this report utilize the free
ether of space. The mechanism consists of apparatus
for creating electro-magnetic vibrations which are

~ propagated at the speed of light in all directions

and are of various wave lengths. These electro-
miagnetic waves are analogous to the vibrations im-
parted to the surrounding air by a sonorous bell or
tuning fork or to the ripples which, when a stone ig
dropped into a body of water, follow each other in
rapid succession in every direction until the whole
impulse has died out. Sound waves travel at the rate
of 1,120 feet n second, and the number of vibrations to
the second depends upon the wave length of the note
struck. Such a rate of speed is very slow compared
with that of wireless telegraphy, for, accepting the
electro-magnetic theory of light, from the fact that
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light travels at 186,000 miles per second, it is seen that
the etherie transmission of an electro-magnetic wave
is practically instantaneous for telegraphie purposes.
Wireless telegraphy depends on the ability of the

‘apparatus at the receiving end cf the line to respond

gympathetically to the vibrations of the ether, just as
objects atituned to the same fundamental note respond
when a tuning fork is struck in its vieinity. .

One of the first significant demonstrations of the
ixistence and passing of these electric waves in space
was made by Prof. Joseph Henry, who, by means of
disruptive spark discharges from a frictional electro-
static machine on an upper, floor of his house, succeeded
in magnetizing needles in the cellar 30 feet below, in
spite of the two floors and ceilings intervening. The
definite discovery of these radiations came much later,
however, and was made in 1888 by the late Ileinrich
Hertz in Germany. Similar studies had been made
in England by Oliver Lodge, S. P. Thompson, and
others. As early as 1885-86 apparatus was patented
whose operation depended upon the effect produced
upon particles of dust, ete., by the electric oscilla-
tions, This was a primitive form of the coherer
action, maore closely identified and developed by
Branly, and finally worked out by G. Marconi in
his now well-known system of wireless telegraphy,
patents for which were applied for in June, 1896,

In the Marconi system the electro-magnetic waves,
produced by special high tension disruptive discharge
apparatus and given off to the ether by means of wire
antennae carried up into the air for a considerable
distance, are intercepted at the remote receiving
station by similar high wire antennae and brought
down for registration to a coherer. This coherer
consists of a small glass tube about the size of an
ordinary pocket pencil. In this tube are two pole
pleces of silver, to which the wires of the circuit run,
and between them is a gap of about one thirty-fifth of
an inch loosely filled with a mixture of nickel and
silver filings or particles, to which a little mercury has
been added to increase the sensitiveness. The arriving
electric oscillations have the effect of drawing the
filings together to form a continuous circuit, so that
the resistance within the tube, high when the filings
are loose, is diminished when they cohere, and a cur-
rent then flows from the local battery. This closing
of the coherer circuit closes also the telegraphic record-
ing circuit. At the instant that the impulses received
make their record the tongue, or tapper, of an electro-
magnetic bell gives the tube a sharp jolt, which causes
the particles to separate, and the tube is ready to
receive the waves constituting the next signal. When
the apparatus is properly tuned for receiving the waves,
messages can be regularly transmitted and clearly
received.

In March, 1899, after preliminary experiments over
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shorter distances, Mr, Marconi established wireless
telegraphic communication between South Foreland,
England, and a station near Boulogne, on the other
side of the strait of Dover. Ilis disruptive apparatus
consisted of a 10-inch induction coil, by means of
which he caused sparks to pass across a spark gap of
about three-fourths of an inch. The waves that
resulted from the clectrical disturbance were given ofl
into the ether by copper wire antennae raised by a
pole 150 feet into the air. Messages were sent and
received by the Morse code at the rate of 15 words a
minute, the distance being 32 miles. Prof. J. A.
Fleming, who was present, says: “‘The messages were
automatlcally printed down in telegraphic code signals
on the ordinary paper slip at the tate of 12 to 18 words
a minute. Not once was there the slightest difficulty
or delay in obtaining an instant reply to a signal
sent.” This work attracted a good deal of attention,
but was eclipsed by that done on December 12, 1901,
when Mr. Marconi succeeded in transmitting the three
successive dots which constitute the letter S of the
Morse alphabet clear across the Atlantic from the per-
manent Marconi station at Poldhu, Cornwall, to a
temporary station at St. Johns, Newfoundland. One
year later regular dispatches were transmitted over

the same etheric route, including congratulatory mes-

sages between King Edward VII and the Governor-
General of Canada.

I Sinee that time considerable news matter has been
sent across the Atlantic by the Marconi system, but
up to the time of the preparation of this report no
regular commercial service had been established.
Meantime, however, the Marconi and De Forest sys-
tems have been installed in a large number of Atlantic
steamships, which are thus enabled to communicate
with tower stations along the shores of the Old World
and the New and carry on in the aggregate a consider-
able wireless telegraphic traffic. The steamships also
maintain telegraphic communication ‘among them-
selves for business purposes, and the writer of this
report was able to witness, in March, 1905, the main-
tenance of communication between five such steam-

ships in mid-Atlantic, the two extreme members osf
the group being 1,000 miles upart.

In the United bmte.s, as in Burope, the developuerst
of wireless telegraphy has been quite rapid; Systems ¢ of
great ingenuity and amerit have heen claborafed ursel
commercmlly established by Dr. Lee De Forest, Prost.
R. A. Fessenden, John 8, Stone, and  others, A.ll e
navies of the world have udnpt('d wircless telegraplay
of some kind, and, in addition to the systems nameed.
the “Lelcfunken” is in quite g‘(\ll(‘l'zll use for sueds
purposes in Europe as well as commereinlly. T
that of the United States have been elnborated tias-
provements enabling men-of-war to communicate ov s
distances of hundreds of miles.  The main desiderntins e
at the prosent time is the means of placing transmittiva s
and receiving stations in exclusive connection, ses
that no others can intercept the dispatehoes,

The best work done with wireless telegraphy up tes
the present time has been across Inrge hodies of watesr
rather than on land, and various ingenious theories aye
advanced to account for this phenomenon,  Remurde -
able results have nevertheless been seeured on lanedl.
Mr., Marconi, in Furope, has transmitted messapres
from England across the continent of Kurope to Tinls-,
and during the Louisiana Purchase Exposition in
1904 Doctor Do Torest transmitted messages from =t
Louis to Chicago. During the late Rquu-,lupum*»v
Waravery considerablouse was made of wireless telesgr-
raphy by both combatants, and it was also used mes=t
successfully by the London Times, whose special covis=
respondent on bhoard a small steamer equipped witly a
De Forest apparatus was ablo to send dispatehes froaaxn
the sceno of action around Port Arthur direet (o the
Chinese coast. This worl was, however, stopyresed
summarily by the Russian military authorities, szl
the important question of the right of n newspaper osp
any neutral to establish within the sphere of confliet
means of communication which could be used (o tlses
serious disadvantage of one or the other of the powers
at war has, with cognate matters, become the subjeet,
of diplomatic discussion,
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