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LETTER OF TRANSMITTAL.

TREASURY DEPARTMENT,
OFFICE OF THE LicHT-HOUSE BOARD,
Washington, September 14, 1889.
Sir: At the request of Hon. Warner P. Satton, chief clerk of the
International American Congress, made in his note of August 8, 1889, I
have prepared, and inclose for the use of that Congress, a paper on The
Modern Light-House Service. The short time allowed must serve as my
apology for failing to give this subject the more thorough treatment it
deserves.
I am, sir, with great respect, your obedient servant,
- A. B. JoHNsON.
Hon. JAMES G. BLAINE,
Secretary of State, Washington, D. C.
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PREFACE.

During the preparation of this work I consulted and drew more or less
freely upon my previous professional papers, published in Appleton’s
Annual Cyclopedias, and in the Popular Science Monthly, for which due
credit is given in the text. Findlay’s Light-Houses of the World, the Ad-
miralty Iasts and the Sailing Directions issued by the Navy Department
furnished me with the statements as to light-houses of the various nation-
alities. The account of the light-dues charged by other countries than
Great Britain and the United States is based upon the pages of Urqu-
hart’s Dues and Charges on Shipping in Foreign Parts and the book on
Port Charges of the World, by Messrs. Hunter and Patten. The Hydrog-
rapher of the Navy and the naval officers under him have placed me
under many obligations, as have the officers of the Department of State
and the Bureau of Navigation of the Treasury Department, and I have
availed myself of Heap’s Ancient and Modern Light-Houses, Barnard
on Light-Houses, and the published reports of the Light-House Board.
But with all this help I should not have been able to finish this paper in
the short time allowed me but for the intelligent assistance of Mr. E. S.
How, of this office. The labor could only be performed at night, after
the current work of the day had been accomplished, and there has been
little opportunity for revision.

A. B. J.

WasHiNGToN, D. C., September 14, 1889,
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THE MODERN LIGHT-HOUSE SERVICE.

CuarTER 1.
ITS RISE, GROWTH, AND NEEDS.

Science has made wonderful progress during the last quarter of a cen-
tury, but in no way more than in pharology. The light-house engineer
has marked the spread of commerce and civilization by the evidences of
his skill. These are now so highly appreciated that the time must come
when all the prominent points of the coasts of the world will be marked
with beacons by day and with lights by night, thus transforming them
from dangers to guardian monitors for the mariner.

It is impossible to say when, in the age of man, guiding lights
first came into use. It is claimed by some that Homer refers to light-
houses in these lines :*

‘Q¢ & 8t av &x wdvroto aéhas vabryae ganjy
Katopévoro mupis 16 8¢ xaierar Swol0® dpeapiy,
Zrabud & olumédw tous 8 odx e0éhovras dsilat
Nlévroy &7 iyBudevra pidwy drdvevbe ¢épovary,

'[Acedog X1X : 375-379.

It is also claimed that Virgil had knowledge of light-houses, and that
he stated that one was placed on a tower of the temple to Apollo, on
Mount Leucas, “the light of which, visible far out at sea, warned and
guided mariners,” Others say that the Colossus of Rhodes, erected about
300 B. c., showed from his uplifted hand a signal light. But the famous
Pharos of Alexandria, built about 285 B. c., is the first light of undoubted
record. Other lights were shown from towers at Ostia, Ravenna, Apamea,
and other places mentioned by Pliny, Suetonius, and Byzantinus. The
light-house at Corunna, Spain, is believed to be the oldest existing light-
tower. This was built in the reign of Trajan, and in 1634 it was recon-
structed.

* Pope translates these lines thus:

So to night-wandering sailors pale with fears
Wide o’er the watery waste a light appears,
Which on the far-seen mountain blazing high
Btreams from lonely watch-tower to the sky.

— Popée’'s Iliad, xix : 405-9.
1
154A——1



2 - THE MODERN LIGET-HOUSE SERVICE.

It is well for us, who owe so much to old Spain, to remember that not
the least of the things for which we must be grateful is this example which
she still retains for our cncouragement.  Let us aim to transmit the light
she has brought down to us as far into the future as she has brought it
from the past.

While Spain has the oldest existing light-house, England and France
each have towers erected by their Roman conquerors, which were unsed
as light-houses, and the ages from thence down to us have other towers
to show that theart of building for the benefit of the fire-worshipers of
commerce has lost nothing with the lapse of time.

" "Europe having at one time the commerce of the world, naturally pro-
vided so well for it that its light-house system, espec:ally in its western
part, leaves little to be desired. The New W orld has taken a lesson from
the Old, and has welcomed all commerce by its beacon fires. 'Where much
has been given much has been required, and light-houses have sprung up
where they have been most needed. Commerce has been bold and has
searched out the dark corners of the world, but it stays longest where it
is most welcomed and best entertained. Where there are light-houses
there comes ships; some may come where there are no lights, but with the
welcome rays come the manyv and the richlv laden.

The famous Cordouan Tower, at the mouth of the Gironde, in the Bay of
Biscay, was the work of Louis de Foix. It was completed in 1611, in
the reign of the great Henry IV, of France, and was twenty-six years in
building. It is 197 feet high, and consists of successive galleries, enriched
with pilasters and friezes. Round the base is a circular building, 134 feet
in diameter, in which are the light-keeper’s apartments, and which also
forms a sort of outwork to break the force of the waves against the main
building. The tower itself contains a chapel and numerous apartments,
and is ascended by a spiral staircase. It has been modified and adapted
to the modern system of lighting; and, after a lapse of more than two
humzired and fifty years, it is still considered the finest light-house in the
worl

The erection of the Eddystone Light-house off Plymouth, England,
formed an era in the construction of light-houses. The masonry was 76
feet 6 inches, and the top of the lantern 93 feet above the foundation. It
was completed in 1759. The various courses were so dovetailed into each
other, and the whole fifty secured together, that the tower was almost as solid
as if cut out of the solid block. Immense difficulties had to be overcome
from the first landing on the rock on April 5, 1756, to the laying of the
first stone, June 12, 1757, and the last, on August 24, 1759. But strong
as it was, it became necessary to take it down and rebuild it on a neigh-
boring rook as that on which it was founded was weakened from the con-
stant assau]ts of the sea. This was safely done within our own time.

The next English light-house of a similar nature is the equally famous
Bell Rock Light-house. It was commenced in 1807, finished in 1810, and
illuminated in February, 1811. The tower is 100 feet high, and cost
£60,000.

A later, and the most noble, erection of this kind is that on the Sker-
ryvore Rock, off the west coast of Scotland. This cost in its erection,
with the harbor for the tender, and other necessaries, £87,000, and was
first illuminated in 1844,
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A nother grand light-house of this nature, and also one of the most im-
portant in the British list, is that on the Bishop Rock, off Scilly, 145 feet
high, built at an expense of £36,5600.

The light-house at Carlingford, on the east coast of Ireland, the founda-
tion of which is 12 feet below high water, is an analogous structure, 111
feet 1n height, though not in such an exposed situation, and was finished
in 1830.

A nother noble and ornamental light-house is on the west coast of France,
on the Héhaux de Brehat. It is nearly as high as the Skerryvore, and is
deserving of all admiration,

The Wolf Rock Light-house, off Land’s End, Cornwall, Wales, is the
latest great British work, and both in its strueture and its illumina-
tion it combines all the refined improvements. A survey was made in
1861, and the foundation commenced in March, 1862. In the first season
only eighty-three hours of work could be done, and between that and its
completion, on July 19, 1869, there were in the eight working seasons
two hundred and ninety-six landings on the rock, and the time occupied
was equal to about one hundred and one working days of ten hours each.
The cost was £62,726.

“The great distinction between the later towers and their predecessors is
that the stones of each course are dovetailed together laterally and vertically,
so that the use of metal or wooden pins is needless. This method was
first used at the Hanois Rock, Guernsey. On the upper face, and at one end
of each block, is a dovetailed projection; and on the under face, and at
the other end, is a dovetailed indentation. The upper and under dovetails
are made just to fall into each other, and when the hydraulic cement is
placed on the surface it so locks the dovetailing that the stones can not be
separated without breaking. Thus, when this cement is set and hardened,
the whole of the base is literally one solid mass of granite. The lower
courses for the first 39 feet of the Wolf Rock Light-house have fillets on
their outer edges, into which the upper course is stepped, and this pre-
vents the action of the waves from penetrating the joint.



4 - THE MODERN LIGHT-HOUSE SERVICE.

THE COMMERCE OF THE WORLD.

The commerce of the world is enormous, but it is unevenly distributed.
The following table prepared by the Navigation Bureau of the Treasury
Department, pre<ents it by nations:

Tonnuge of .the world up to December 31, 1888.

| Vessels under 100 tons and yachts excluded, also the lake and river tonnage of the United Stages.
Net tonnage sailing vessels, gross of steam-vessels.]

British..._.................. 10,829,202 Mexican .....c.coeeianen.... 7,416
American (United States).... 1,918,1,5 Montenegrin ................ 2,464
Argentine . .................. 36,913 Norwegian .................. 1, 456, 264
Austro-Hungarian........... 276,294 Persian .................... : 838
Belgian .................... 111,934 Peruvian.................... 13,182
Bolivian ............ 3,803 Portugnese.................. 77,808
Brazilian.................... 144,649 Roumanian ... ... .......... T - 529
Chilian . ... 91,253 Russian...... 417,653
Chinese . ... 45,188 Sarawak ..... 2,217
Colombian ... 986 SiBmMESe . .ccveceieaieaaaann 10,3i8
Costa Rican......c..c....... 816 ' SBpanish . .ooooeiiiiiiiiiian. 537,781
Danish. , Swedish ... ...oo..coo.l. 462,392
Dutch .. ooeiveieiennaana.. 356, Turkishi - .. .coeeeecoaeiaann. 217,068
French...oo.cooevaeaae.o.... ' Uroguayan ................ 8,927
German 3 Venezuelan . ... 3,758
Greek. ... e e eeeeeeaeaaas Zanzibar ..... ..oooceioen... 4,723
Hawaiian Other countries . ... ........ 16,197
Ha{tiun , —_—
Italian 846,901 Total .oceeee it cenanas 21, 048, 704
Japaneso...........ooee.... 174,747 .

The whole number of lights in the world is, in round numbers, about
s;x. thousand, of which some two hundred and fifty are shown from light-
ships.

The following tables, made up from the British Admiralty Lists, will
show their distribution. This statement only approximates exactness,
but it is the best that is at present attainable. It is collated from state-
ments which are from one to five years old, so it is quite likely that the
difference between its sum and the number mentioned above may have
been made up by this time.

- Number of light stations in the different portions of the world.

Europe . .o e e 3,300
NOrth AmMerica ..o oot it ceeee e 1,329
Asia ............ e teeetccecncccacacctccanncareneannn 476
Oceanica . ...... e eeeeeieeaeaaaan 19
Africa cooaoo.o.l.. e R19
Bouth AINETiCB. ... veeer ceceetoaeniaeaee e iaacan e 167

West Indies ..o i i it e e 106

These lights are distributed as follows:

Europe:

Groat Britain and Ireland . ............ ... ......... 817
France: .
Northcoast . .cocvvvennennnninnei i, 170
West CoOaB. . .ooeiie i iiiniecaee caiaanaann 171
South coast . ... bl
Corsien ..., i Piveni . R |




THE COMMERCE OF THE WORLD.

Sweden :
West COBSt .o cve ceen ceccne cccecaacescnne nans 53
East coast ..o ... ceice i iicce e, 214
The S8ound ..ce oo eiieceeeiccccecncennn. 2
— 295
Ilaly: _
West and southwest coast. ...... feeeceaneanan 116
Eastcoast ..occiie i it e eieeaaa. 58
Sieily.cooe i e S, 50
Sardinid. oo ciieieenns teer it et aae 20
— 244
NOrWAY et iecanticcenceacastoncaccncnacoaccaens 20
Spain: ,

. North and west coasts. ...........c. creun... 63
South coast. ..ooe i it i ccee e ennn 23
South and east coasts ........coeeenun....... 101

— 187
Germany :
NOrth Sea ..ccce tocacecomecier caeceer cacnan 78
Baltic 888 . ccce ione tieeieacr cerennancecnns 101
—_— 179
Turkey : _
West coast.. ..o oeemet it iiienr teeenecnnn 50
Archipelago ... ... ... ... .ol 81
Dardanelles .......... ... it iiieutunnnn-n 12
Sea of MATTIOTR . ccvee vocean covecennane cnnnnn 9
Bosphorus .................................. 14
— 168
Netherlands: .
CoB8b.. - oo et cieaec cecaetcacnae aaas 122
Zuider Zee...cce i tecaec tcnean tnacaaann 44
— 166
Russia:
L0117 AU 130
White Sef - ..o cccme i i i e e i e et aann 13
AZOV SO - oot carn imcect cneccancnnacecannanns 1
— 154
Deumark:
(0117 1. | 126
Teeland ..o e i teeeee e 6
— 132
Black Sea (Russia and Turkey).............. :...... 88
Portugal . . ... ....caiial.... Ceeveaessaan ceeaans 29
Belgium ... o el 18
3,309
North America:
United States (exclusive of post lighta)—
Atlanticcoast...... oot et iinniiaa... 467
Gulfcoast ..... ..ol iimie iiaa cciiaaaan. 79
Paciiccoast.. ... ..o oot i i i teeaan 38
Northwestern Lakes coacevneecnncaennn.. 218
—  B02

Dominion of Canada:
Labrador ..ccveiiicee ccennecacccaccnccannees D

Cape Breton.... ....c.cooviiiiieiipanaaas N0
Islands in the Gulf of St. Lawrence ceee- 12
Prince Edward’s Island ...... pramen senaaena 47
.- Gulf and river St. Lawrence ................. 18<
NOVA SCOtI® eoveencoccat tiaceeceee conenncnee 65
Bay of Fundy, Nova Beotia.......ocoaanoen. BT

Bay of Fundy, New Brunswick .............. 32
British Columbia .ccccvveeeaicaeaeaaial.o 10

, ) ) — 443
Newfoundland .. .. ncemeianen: ceee e iaacccane conn 51
MOXICO ceie cnciee i tteecene tecnacaacnncsonncs e cnenn 15
British Houduras teee cmesanemcs censecosnsanne 7

Costa Rica...... ... ...................... Neeenaanas 3
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North America—Contiuned.

onduras. . ... .. iiiiicicccccacnacacaaaan 3
Ban 8alvador ....ccve et iciceecees 3
NiCOr2gUa cevenn oiiceii et cierecteceen caeennonen 1
Guatomala.....ccocetmi e i e 1

1,929

Asia:

ChiDa .ot ieet terce i meeeiiitccacancnanes 81
Hindostan.....ccove et coiaancnnannnan. 78
Eastern Archipelago ......c.ccoceeeeeenn... 75
T 67
BayofBengal ....ceeevrmeni i eeen 30
Straits of Malacea ... _coceoioii i iiaaaeans 29
Turkey in Asis, and Syris ...ccovceeenaniiiennnan.. ]
Philippine Islands ......cocimoeiaienii e 26
Red 868 .ceenioiciiiicceceniccccencccanccnnns 15
Gulf of Tartary ......... ctemeecacaans cecccecacnoncen 4
(01372 1) « LR 10
Gulfof Aden....c.cevntiiicnonnceencracncccanncens 7
Gulfof8uez .....ccccevenceeccnnnacnnas e ecccmeseanen 7
Cochin Chinga. . oot cmen i recicicacn cee cnees 6
23 AR S 2
COTBB . ... ceeiiiciniiineioe tencnccans ncoccanncnsons 1
476

Oceanica:
Australia ... oo it iciceccecceecacconann 203

NewZealand ... .. .ccovtoiiniiareiarcnececaanaeannn 79
Ta8mMADI® ..o v ie e eciiiocecneen cnnncetans meaane . 12
Sandwich Islands. ... .. cceeemieer i iiaaanen. -8
Fiji Islands.....coieinnmniineriaieiiiicivacnencnans

8
Society Islands .....ccociieiiiiniiiii it it 3
S8amoa and Friendly 18180A8. . oo oo 3
New Caledonia ... .cceeeeeniveecrnceesacacaccaanns 2
CarolineIslands .. ..........cocoiiiiiiiiiiiiil... 1

319
Africa:

Algeria ..... g eeiercneacas 48
West and south coasts ......coovcaeeieeeenaao.a.. 44
| 7474 11 26
East coast .......ccceiiiiciiioaratcraactaececnanannn 25
Canary Islands...cce ceecivmenniieinnnicinnnannnna. 13
Cape Verde Islands ...... coeentiiiiimiiiiinnaiaaans 12
NS .« o i ceceee cctecenecennsenanccancecanans 12
Morocco ............ Cee e teetesccanan e naneannan 6
Tripoli = .ieieiiiiieiiieieiieiicieiaaaaaan 5
Réunion Islands [
Azores Islands ... 4
Mauritius...... 4
Madagascar.. ... ..o coiiceiniaaiceiiaiecc e aceaaan 4
Zuvozibar ...... ... 4
Cormora Islands 3
MadeiraIslands ...cce oooomiicvere o, 2
Beychelle Inlands......coeeeevemeceinn e ciinane.. 2

219

Bouth America:

Brazil ...t viieieceeninnnn e ieccsacecscenccsinancana 65
Chill ...ovvineennn.. ceecasnesas teeesecessevan-tenaan 21
Uragusy ..cveeeiiirnessccssccescocnnss eeeceseccanas 16
Ar, «ntino ceetiesmascsencsascnneannsan 12
United States of Colombia tesemscacncecnncs eeeencens 10

Yonezuola .....coovevvneiviniecces connasaseniananaan 10
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South America—Continued. '
oY o 1
Ecuador ....cooeeriinniiiiiooentccanaaan. s hesces vans
British Guiana......ccci ceer o innanncaciinananonn.
French Guiana..... seceescaceccaccncons conmeennonn
Dutch GUidna ... cent caieieceeecieececoncvanecneacasn

West Indies:
Windward Islands ... .ccoct iir ireeime e eeanan s
CUDA ..o ieeeeecncncescccacccaccs case nocecomensane
Leoeward Islands ... .c.vemeeceneincnce cocr vecane sans
Babama Islands...... .ocviveeiient i teerenenann
‘Curagao, Bren Ayre, and Oruba Islands ...... ......
Bermuda.. ..o coivnn it iiieet teceee e ace e tean




CuarTER 1L

COST TO THE UNITED STATES.

The theory of coast lighting is that each coast shall be so set with tow-
ers that the rays from their lights shall meet and pass each other, so that
a vessel on the coast shall never be out of sight of a light, and that there
shall be no dark spaces between lights. This is the theory upon which
the United States is proceeding, and it plante lights where they are most
needed upon those lines. Hence from year to year the length of the dark
spaces on its coastsis lessened or expunged entirely, and the day will come
when all its coasts will be defined from end to end by a band of light by
night and by well-marked beacons by day.

1n the first century of its existence the Light-House Establishment of
the United States will have cost about ninety-three and a quarter millions
of dollars, as will appear from the following tabular statement, which is
taken from the publications of the Treasury Department: '

Amount expended by the United States in support of ils Light-House
Establishment each year from 1791 to 1890, inclusive.

1791 ....... $22,591.94 1825...... 183,553,556 ' 1859 ...... 1,257, 619.20
1792 ....... 48,976.36 1826...... 188,941, 33 994, 093, &2
1793....... 12,061.68 1+27...... 306,918.17 | 894, 302, 63
1794 ....... 37,496.36 ' 1828...... 953,727.94 661, 370. 52
1795 ....... 29,861.30 1829...... 277,274.06 ' 873, 230, 52
1796 ....... 35,207.48 1830...... 233,112.81 ' 948, 159, 51
1797 ....... 48,174.47 1831...... 320,718, 97 1,215,917. 07
1798 ....... 52,906.18 1832...... 256, 642. 39 1, 370, 396. 06
1799 ....... 69,509.15 1833 ...... 313,809.73 2, 176, 632, 36
1800 ....... 40,633.68 1834 ..._... 296, 792. 25 2,590, 101. 62
1801 ....... 81,429,95 1835...... 350, 468. 62 1,910, 674. 12
1802....... 68,928.85 1836...... 343, 560. 95 2,582, 203,78
1803 ....... 75,7687.95 1837 ...... 414,009, 39 2, 675, 322,63
1804 ....... 93,775.82 1838...... 476, 920. 12 3, 166, 672, 44
1806 ....... © 0 192.020.74 1 1839...... 770, 256. 62 | 2,910, 961. 64
1808 ....... 88,993.38 1840 ...... - 594, 627. 69 2,493, 182, 06
1807 ....... BG,582.63 1841 ...... 458, 372.36 | 92,9925, 353, 77
1808 ....... 90,051.98 1842...... 397, 658. 99 | 2,703, 280, 12
19 ....... 83,140.74 1843 __.... 187,178.99 2,367, 220. 70
1810....... 94,037.74 1344...... 287, 089. 30 2,193, 893, 33
1811 ....... 114,970.79 1845 ...... 443, 658, 88 2, 343, 638, 64
t812....... 196,603.12 1846 .. .... 403, 126.81 ' 2, 426, 370, 61
1818 ....... 124, 144.38 1847 ...... 514, 891.58 2, 642, 668, 99
1814 ....... 78,961,.46 1848...... 652, 340. 04 2, 392, 147. 12
1816....... 4%, K16.78 1849 ...... 630, 191.49 2,224, 432.30
1816 ....... 108,369.52 1850 ...... 909, 133.44 ' 2, 330, 549. 57
1817....... 122,187.29 1851 ...... 750,464, 64 2,284, Bim, 97
1818....... 162,067.51 1852...... 710, 754. 07 2,073, 358. 91
1819 ....... 115,860.79 1853 ... 956, 026. 39 2,143,719.22
1820 ...... . 163,656.34 1854 ...... 1,310,978. 42 2,556, 733. 51
1821....... 149,440,22 1855...... 1,836, 058. 41 | 2, 597, 400. 00
1822....... 144,991, 38  1836...... . 1,754,808.09 . *3.503,994. 12
1823 ....... 207,013.23 1857...... 2.001,474.70

1824 ....... 163.419.96 1858 ... ... 1,925,844.60  Total.... 93,233,925, =

* This is the amount appropriated for the fiscal year to ead June 30, 18)0, and it
will doubtless be all exponded.

8



COST TO THE UNITED STATES. 9
APPROPRIATIONS.

The following list of the appropriations, amounting to more than
$3,500,000, made by the second session of the Fiftieth Congress, and ap-
proved on March 2, 1889, will show the exact and minute care exercised
by Congress over the United States Light- House Establishment :

DEFICIENCIES.

AN ACT making appropriations to supply deficiencies in the appropriations for the fiscal year end-
ing June thirtieth, eighteen hundred and eighty-nine, and for prior years, and for other purposes.

Be it enacted by the Senate and House of Representativesof the United States of America
in Congress assembled, That the following sums be, and the same are l-ereby, appro-
priated, out of aLy money in the Treasury not otherwise appropriated, to supply
deficiencies in the appropriations for the fiscal year eighteeff hundred and eighty-
nine; and for prior years, and for other objects hereinafter stated, namely

L W

* *» L » »

~ LIGHT-HOUSE ESTABLISHMENT,

Keepers of Light-Houses: To reimburse the appropriation for salaries of keepers of
light-houses the amoant paid and to be paid for salaries of the additional employees
anthorized in the office of the Light-l1louse Board by the legislative, executive, and
judicial appropriation act for the fiscal year eighteen hundred and eighty-nine, but
not appropriated for therein, nineteen thousand seven hundred dollars.

Repairs of Light-Houses: For repairing, rebuilding, and improving light-houses
and buildings, for improvements to grounds connected therewith; for establishing
and repairing pier-head lights ; for illuminating apparatus and machinery to replace
that already in use, and for incidental expenses relating to these various objects,
forty thousand dollars. :

Point Sur Light-Station, California: For completing the light-house and fog-signal
at Poipt Sur, California, including one thousand five hundred dollars for right of
way and water privilege, ten thousand dollars.

Northwest S8eal Rock Light-Station, California: For continuing the constrnction of
a light-house on Northwest Seal Rock, off Point S8aint George, California, two hun-
dred thousand dollars. '

Duluth Harbor, Minnesota: For establishing range-lights at Duluth Harbor, three
thousand two hundred and eighty-four dollars and twelve cents.

L » » » - » . »

CLAIMS ALLOWED BY THE FIRST AUDITOR AND COMMISSIONER OF CUSTOMS.
%gq [ R » » L] "

For repairs of light-houses, one dollar.

» » " » * » »

For Light-House Establishment, eighteen hundred and sixty one and eighteen hun-
dred and sixty-two, two hundred and sixty-one dollars and ninety-six cents.
* LJ L] L » » -

Approved, March 2, 188Y.

LEGISLATIVE, EXECUTIVE, AND JUDICIAL.

AN ACT making appropriations for the legislative, executive, and judicial expenaes of the Govern-
ment for the fiscal year ending June thirtieth, eighteon hundred and ninety, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of America
in Congress assembled, That the following sums be, and the same are hereby, appro-
priated, out of any money in the Treasury not otherwise appropriated, in full com-
pensation for the service of the fiscal year ending June thirticth, eighteen hunndred
and ninety, for the objects hereinafter expressed, namely :

L ] L 3 » L L] » -

Light-house Board : For chief clerk of the Light-House Board, two thousand four
hundred dollars; two clerks of class four; two clerks of class three; one clerk of
class two; three clerks of class one ; one clerk, at nine hundred dollars; two assist-
ant messengers; in all, sixteen thousand five hundred and forty dollars.

For the following additional employees in the Office of the Light-House Board,
who shall be paid from the appropriations for the Light-House Establishment,
namely : One clerk of class two, who shall be a stenographer ; one clerk of class oune;
nine clerks at nine hundred dollars each; one laborer, six hundred dollars; one as-
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sistant civil engineer, two thousand four hanired dollars; one draughtsman, one
thousand eight nnundred dollars; one dranghtsman, one thousand five nundred and
sixty dollars; one dranghteman, one thonsand four hundred and forty dollars; and
one draughtsman, one thousand two hondred dollars; in all, nineteen -thousand
seven hundred dollars.

» “ L » L] » -

Approved, February 26, 1889.

SUNDRY CIVIL.

AN ACT making appropriations for sandry civil expenses of the Government for the fiacal yearend-
ing June thirtieth, eighteen hundred and ninety, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of America
in Congress assembled, That the following sums be, and the same are bereby, appro-
printed for the objects héreinafter expressed for the fiscal year ending June thirtieth,
eighteen hundred aud ninety, namely :

L] » [ 3 » » * L

LIGHT-HOUSE ESTABLISHMENT.

Supplies of Light-Houses: For supplying light-honses, beacon-lights, and fog-sig-
nals with illnminating, cleansing, preservative, and such other materials as may be
reqmired for annual consumption, for books, boats, and furnitare for stations, and other
incidental expenses, three hundred and forty thousand dollars.

Repairs of Light-Houses: For repairing, rebuildiog, and improving light-houses,
and buildings, for improvements to grounds connected therewith; for establishing
and repamiring pier-head lights ; for illuminating apparatus and machinery to replace
that aiready 1 nse, and for incidental expenses relating to these various objects,
three hundred and thirty-five thonsand dollars.

Balaries of Keepers of Light-Hounses: For salaries, fuel, rations, rent of quarters
where necessary and similar incidental expenses of not exceeding one thousand one
:lltlmdred and fifty light-house and fog-signal keepers, six hundred and twenty-five

Expenses of Light-Vessels : For seamen’s wages, rations, repsirs, salaries, supplies,
and incidental expenses of light-ships, two hundred and fifteen thousand dollars.

Expenses of Buoyage: For expenses of establishing, replacing, and maintaining
buoys, spindles, and ay-beacons, and for incidental expenses relating thereto, three
hundred and twenty five thousand dollars.

Expenses of Fog-Signals: For establishing, replacing, duplicating, and improving
fog-rignals and bu1ldings connected therewith, and for repairs and incidental expenses
of the same, s1xty thonsand dollars.

Inspectin% Lights: For mileage and traveling cxpenses of members of the Light-
House Board, inclnding rewards paid for information as to collisions, and for the ap-
prehension of those who damage light-house property, three thounsand dollars.

Lighting of Rivers: For establishing, snﬁplying, and mantaining post-lights on the
Hudson and East Rivers, New York ; the Raritan River, New Jersey; the Delaware
River, between Philadelphia and Bordentown, New Jersey ; Connecticut River, Con-
necticut; the Elk River Maryland; Cape Fear River, North Carolina; Savannah
River, Georgia; Samt John’s and Indian Rivers, Florida ; at the mouth of Red River,
Louisiana; at Chicott Pass, and to mark navigable channdl along Grand Lake, Louis-
1ana; on the Misssssippi, Missouri, Ohio, Tennessee, Illinois, and Great Kanawha
Rivers; on the Columbia and Willamette Rivers, Orezon; Sacramento and San Joa-
quin Rivers, California: aud on Puget Sound, Washington Sound, and adjacent
waters, Washington Territory ; the Light-House Board being hereby anthorized to
lease the necessary ground for all snch lights and beacons as are for temporary use or
are used to point out changeable channels, and which in consequence can not be mnade
permanent, two hundred aund fifty-four thousand dollars.

Survey of Light-House Sites : For preliminary examinations, surveys, and plans for
determining the proper sites and cost of light-houses and structures for which esti-
mates are made to Congress, one thousand dollars.

COAST AND GEODETIC SURVEY,
» L] L L] [ ) [ »
For traveling expeuses of officers and men of the Navy on duty, and for any special
surveys that may be required by the Light-House Board or other proper authority,

aud contingent expenses incident thereto, three thousand dollars.
3 - [ » . » -
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LIGHT-HOURES, BEACONS, AND FOG-SIGNALS,

Mount Desert Rock Fog-8ignal, Maine : For establishing complete a fog-signal upon
Mouut Desert Rock, off the coast of Maine, four thousang five hundred dollars.

Bear Island Light-Station, Maine: For building a new keeper's dwelling at Bear
Island Light-Station, Maine, three thousand seven hundred and fifty dollars.

Great Duck Island Light-Station, Maine: For establishing a light and fog-signal
on Great Duck or Long Island, Maine, thirty thousand dollars.

Great Round Shoal Light-Ship, Massachusetts: For establishment of a light-ship
with a fog-signal to mark the channel through Great Round Shoal, near Nantucket,
Massachusetts, sixty thousand dollars.

Steam-tender for the second light-house district: For a new steam-tender for service
in the second light-house district, eighty thousand dollars; said amount to be ex-
pended under the direction of the Secretarv of the Treasury: Provided, That the con-
struction of said tender shall be let to the lowest responsible bidder, after advertise-
ment, and said tender shall be built in an American ship-yard.

Beaver Tail Fog-Signal, Rhode Island: For the purchase of land required for the
Beaver Tail (Rhode Island) fog-signal station, and the {)la.yment of the necessary ex-
penses incident to such purchase, three thousand five hundred dollars, or so much
thereof as may be necessary.

Castle Hill Light-Station, Rhode Island: For the construction of the light-liouse at
CaiatledHill, Rhode Island, five thousand dollars, additional to the snm already appro-
priated.

Coney Island, New York: For establishing alight or lights, and a fog-signal on the
western end of Coney Island, New York, twenty-five thousand dollars.

Sandy Hook Light-Ship, New Jersey: For the counstruction and establishment of
a light-ship with a fog-signal, for the 8andy Hook station, entrance to New York Har-
bor, sixty thousand dollars,

Squan Inlet Light-station, New Jers:ry: For the establishment complete of a light
about midway between Barnegat and Navesink, New Jersey, twenty thousand dollars.

Shark’s Fin Shoal Light-Station, Maryland: For establishing a light on Shark’s Fin
Shoal, Maryland, to take the place of Clay Island Light,twenty-five thousand dollars.

Greenbury Point Shoal Light-8tation, Maryland : For establishing a light on the
shoal off (rreenbury Point, Maryland, to replace the one on the point, twenty-five
thousand dollars. .

Bush’s Bluff Light-8hip, Virginia: For establishing a light-ship and fog-signal at
or near Bush’s Bluff 8hoal, Elizabeth River, near Norfolk, Virginia, in addition to
the balance remaining of the appropriation made by the act approved March third,
eighteen hundred and eighty-five, for a light-house and fog-bell on Bush’s Bluff, which
is nereby made avarlable for the same purpose, forty thousand dollars.

Hog Island Wharf and Roadway, Virginia: For establishing complete a wharf and
roadway to the light-house at Hog Island, Virginia, five thousand dollars. )

Diamond Shoal Light-Station, North Carolina: For the establishment of a light-
house on Quter Diamond Shoal, off Cape Hatteras, North Carolina, two hundred
thousand dollars: Prorided, That the contract for the construction of the same may
be let, for the entire structure at a total cost of not exceeding five hundred thousand
dollars, in the discretion of the Light-House Board, with the approval of the S8ecretary
of the Treasury.

Pamlico Light-Station, North Carolina: For establishing complete a light off Pam-
lico Point, North Carolina, to replace the one on 1he point, twenty-five thousand dol-
lars.

Gull Shoal Liﬁht-Station, North Carolina: For establishing comnplete a light and
fog-signal on Gull Shoal, west side of Pamlico Sonnd, North Carolina, thirty tgousand
dollars.

Bull’s Bay Beacon, fouth Carolina: For establishing asmall beacon-light at Bull’s
Bsg, South Carolina, sixty dollars.

ernandina Harbor Range-Lights, Florida: For the establishment of one or more
sets of range-lights to guide into the harbor of Fernandina, Fla., one thousand seven
hnndred and fifty dollars.

Pascagoula River Ranges, Mississigipi: For establishing range-lights, to guide into
the mouth of the Pascagonla River, Mississippi, one thousand dollars.

Pearl River Light-Station, Mississippi : For the establishmeut of a light on the east
gaﬁk of Pearl River, opposite the draw in the railway bridge, two hundred and fifty

ollars.

Point Isabel Light-Station, Texas: For reéstablishing the light on Point Isabel,
sniil the purchase of land therefor, entrance to Brazos S8antiago, Texas, eight thousand

ollars.

Roe Island Light-Statiou, California: For establishing comsletc & light house and
fog-signal on Roe Island, Suisun Bay, California, ten thousand dollars.

For the purchase of a site and tho constrnction of a first-order coast light-house at
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or near Heceta Head, at or near the mouth of the Siuslaw River, Oregon, eighty
thousand dollars.

For connecting the Tillamook Rock (Oregon) light-station by telegraph ocable, and
a land telegg@mph line, with Fort Stevens (Point Adams) Oregon, six thousand dol-
lars. : -

Columbia River Light-Ship, Oregon : For establishing a light-ship with steam fog-
sig]tlml to mark the bar at the mouth of the Columbia River, Oregon, sixty thousand
dollars.

For establishing complete a light-house and fog-signal on the easterly end of the
outer breakwater at Chicago, Lake Michigan, Illinois, withont regard to the com-
pletion of said breakwater, thirty-six thousand dollars.

Twin River Point Fog-Signal, Wisconsin: For establishing complete a steam fog-
signal upon Twin River Point, Lake Michigan, Wisconsin, five thousand five hun-
dred dollars. )

Point Peninsula Light-Station, Michigan: For crib-work protection for l.0at-house
and landing at Point Peninsula Light-Station, Michigan, two thousand dollars.

Simmon’s Reef Light-Station, Wisconsin : For establishing complete a light and
fog-signal on Simmon’s Reef, Michigan, sixty thousand dollars.

Beaver Island Fog-Signal, Michigan: For establishing complete a fog signal at
Beaver Island, Lake Michigan, five thousand five hundred dollars.

Manistee Fog-Signal, Michigan : For establishing complete a steam fog-signal at
Manistee light station, Lake Michigan, Michigan, five thonsand five hundred dol-
lars.

Claveland Breakwater Fog-Signal, Ohio: For establishing complete a steam fog-
signal on the breakwater at Clevelapd, Ohio, five thousand two hundred dollars.

Grosse Isle Ranges, Michigan: For the establishment of range-lights on Grosse
Isle, Detroit River. Michigan, seven thousand dollars.

Lake Saint Clair Ranges, Michigan: For establishing range and stake lights in
Lake Saint Clair, from Grosse Point to the entrance of Detroit River, Michigan, three
thousand dollars.

Saint Clair River Ranges, Michigan: Forestablishing range-lights to gnide through
Saint Clair River, Michigan, one thousand five hundred dollars.

Presque Isle Fog-Signal, Michigan: For establishing complete a steamn fog-signal
at Presque Isle, Lake Huron, Michigan, five thousand nve hundred dollars.

Cheboygan Fog-Signal, Michigan # For establishing complete a steam fog-signal
at Cheboygan, opposite Boise Blanc Island, Straits of Mackinac, Michigan, five thou-
sand five hundred dollars.

Old Mackinac Point Light-Station, Michigan : For establishing complete a fog-sig-
nal at Old Mackinac Point, Michigan, five thousand five hundred dollars.

Point Iroquois Fog-Signal, Michigan : For establishing complete a steam fog-signal
at Point Iroquois, Lake Superior, Michigan, five thousand five hundred dollars.

La Pointe Fog-Signal, Michigan: For establishing complete a steam fog-signal at
La Pointe, (Point Cnequamegon), entrance to Ashland Harbor, Lake Superior, Mich-
igan, five thousand five hundred dollars.

Devil’s Island Light-Station, Wisconsin: For establishing complete a light at
Devil’s Island, Apostle Group, Lake Superior, Wisconsin, fifteen thonsand dollars.

Two Harbors Fog Signal, Minnesota : For establishing complete a steam fog-signal
at Two Harbors, Lake Superior, Minnesota, five thousand five handred dollars.

STEAM-TENDER FOR THE LAKES,

Steam-tender for the Great Lakes: For a steam-tender for service on the Northern
Lakes, eighty-five thousand dollars ; said amount to be expended under the direction
of the Secretary of the Treasury: Provided, That the construction of said tender shall
be let to the lowest responsible bidder after advertisement, and that said tender shall
be built in an American ship yard.

Approved, March 2, 1829.

As it is evident that each of the nations represented in this Congress is
doing what it can to light its coasts, and as each is"concerned in ascertain-
ing the best methods, it has been deemed that it would at least be interest-
ing, and perhaps timely, to give some account of the process by which the
United States has within her borders an eighth part of all the lights
which encircle the globe, and more than a proportionate share of the other
aids to navigation which come under the control of Light-House Estab-
lishment-, '
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THE LIGHT-HOUSE ESTABLISHMENT OF THE UNITED STATES,

The light-house system of this country commenced with its commerce
There is little doubt but that the early colonists recognized the necessity
for beucons with which to guide their home-returning shallops to a safe
anchorage, and that they took effective means to show the English and
Dutch ships which should make their. landfall at night the safe way to
their harbor. But the first authentic evidence of this being done at the
public charge is the record of the proceedings of the general court of the
Province of Massachusetts Bay, from which it appears that on March 9,
1673, a petition came from the citizens of Nantasket, Massachusetts (now
Hull), for the lessening of their taxes, because of the material and labor
they had expended, over and above their proportion, in building the
beacon on Point Allerton, the most prominent headland near the entrance
to Boston harbor. At that session also it appears that bills from Nan-
tasket were paid for making and furnishing * fier-bales of pitch and ocum
for the beacon at Allerton Point,” which *fier-bales” were burned in an
iron grate or basket on the top of a beacon, for the building of which Nan-
tasket. had furnished 400 hoat-loads of stone.

The first light-house on this continent was built at the entrance to Bos-
ton Harbor, on Little Brewster Island, in 1715-’16, at a cost of £2,285
17s. 84d. It was erected by the order and at the expense of the general
court of the Provimce of Massachusetts Bay, and it was supported by
light-dues of 1d. per ton on all incoming and outgoing vessels, except
coasters, levied by the collector of imports at Boston.

The frontispiece is a photograph of an engraving of this light, and with
it is shown one of the first light-house tenders, a pinnace of sonie tonnage.

The maritime colonies followed the example of Massachusetts, and when
the United States, by the act of August 7, 1789, accepted the cession of
the title to, and joint jurisdiction over, the light-houses on the coast, and
agreed to maintain them thereafter, they were eight in number, and com-
prised the following lights, all of which are still in existence, though so
greatly improved that they are the same only in purpose and in site:

Portsmouth Harbor Light, New Hampshire ; Boston Light, on Little
Brewster Island; the Gurnet Light, near Plymouth, Massachusetts;
Brant Point Light, on Nantucket, Massachusetts; Beaver Tail Light, on
Conanicut Island, Rhode Island, in Narragansett Bay; Sandy Hook
Light, New Jersey, entrance to New York Harbor; Cape Henlopen,
Delaware, at the entrance to Delaware Bay ; Charleston Main Light, on
Morris Island, entrance to the harbor of Charleston, South Carolina.

When the lights came into the possession of the Federal Government,
they were placed under the direction of the Secretary of the Treasury, who

13
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seems to have given them his personal attention, but to have taken no imm-
portant action without the direct approbation of the President.

As an instance of this, the following letter, the original of which hangs
in the office of the Light-House Boarg, is here given:

MOUNT VERNON, October 12, 1790.

SIR: I have received your letter of the 5th instant. 'The public service requirin
the arrangement which you have made relative to the light-houses of Newport an
Portland, they arc perfcctly agreeable to me, and receive my approbation. I am,

8ir, your most obedient servant,
GEORGE }VAsnxncTox.

To ALEXANDER HamiLTON, Esq.,
Secretary of the Treasury of the United States.

On May 8, 1792, the office of Commissioner of Revenue was established,
and the superintendence and control of the lights were devolved upon
him. On April 6, 1802, this office was abolished, when the then Secretary
of the Treasury, Mr. Gallatin, resumed the control of the lights. Their
management remained in the Secretary himself, who gave it much of his
personal attention, until July 24,1813, when, on the re-establishment of the
office of Commissioner of the Revenue, the control of the lights became
again a part of his work. That office was a second time abolished by the
act of December 23, 1817, which went into operation on July 1, 1820,
when all its duties, including those of superintending the lights, were de-
volved on the Fifth Auditor of the Treasury. During these thirty years
that had elapsed since the lights had come under the control of the General
Government, the number had been increased, under Congressional enact-
ment, frum 8 to 55; and each seems to have been built to meet imme-
diate and pressing local want, and without reference to any general sys-
tem.

The Fifth Auditor, Mr. Stephen Pleasanton, who was popularly known
as the general superintendent of lights, accepted that duty in 1820, and
continued in charge until 1852. During this time the establishment was
increased from fifty-five light-houses and a few buoys to three hundred
and twenty-five light-houses and light-ships with, numerous buoys, monu-
ments, and other aids to navigation. :

The general superintendent of lights was the officer who executed the
orders of Congress, but to whom was delegated a certain discretionary
power. Congress, in appropriating the funds for a light, usually fixed
1ts location, its kind, and its order. He formulated the orders of Congress
by advertising for proposals to build the kind of light-house desired, and
signed the contract on the part of the Government. 'The collector of cus-
toms nearest to the location of the proposed light was usually made the
local superintendent,and after he had selected the exact site was furnished
with a plan of the building, and was authorized to employ a suitable
mechanic as overseer, who was to make sure of the quality of the material
and labor used. Payments were made only on the certificate of this over-
seer. The local superintendent wasexpected to visit each light-houserin
his district yearly, in June, if possible, and to report to the general su-
perintendent in Washington the condition of each, and this was often
done.

The light-houses were kept in repair by contract ; and it appears from
the reports of the general superintendent that the repairs were, in his
opinion, promptly and effectually made. The methods of supplying the



THE LIGHT-HOUSE ESTABLISHMENT OF THE UNITED STATES. 15

lights varied, apparently, with their increase in number. When Mr. Gal-
latin was Secretary of the Treasury, oil and money to purchase other sup-
plies were furmshed to a contractor, who made a yearly visit to each light,
to keep the illuminating apparatus in repair, and, at the same time, sup-
plied the illuminant, wicks, chimuneys, and cleaning stores. This was not
difficult when there were but some fifty lights ; but Mr. Pleasanton found,
as their number increased, a new method of supply was necessary. He
accordingly advertised for proposals to furnish all the supplies needed for
the whole Light-House Establishment,and to keep all the iﬁ)luminating ap-
paratus in complete repair for a given sum per lamp per year, and made
a contract with the lowest bidder, to continue for five years, paying him
$35.87 per lamp per year to supply everything necessary for keeping up
the lights. The contractors were also to visit each light-house annually,
and report on its condition, specifying the repairs needed to each structure,
as well as to its illuminating apparatus; and they were also to report on
the conduct and ability of the keepers. And the keepers were to report
on the quality of the supplies furnished, and on the condition of the
illaminating apparatus and buildings. This plan Mr. Pleasanton reported
as working satisfactorily to the Governmeant.

Meantime, complaints were made in various quarters as to the efficiency
of the Light-House Establishment. The Messrs. E. & G. W. Blunt, of
New York City, the publishers of Blunt’s “ Coast Pilot,” were among
the more prominent complainants, or, rather, they forwarded to Washing-
ton the complaints made to them by shipmasters, and thus they were
brought into antagonism with the General Superintendent of Lights, who
felt called upon to defend his administration. An account of this was
laid before the Senate by the Secretary of the Treasury, on January 26,
1838, in response to its resolution of inquiry made the day previous.

Mr. Pleasanton had referred to the charge of the Messrs. Bluat, ¢ that
the Light-House Establishment was badly managed.” The Blunts, on No-
vember 30, 1837, in a letter to the Secretary of the Treasury, undertook
to show that the annual sums appropriated by Congress were not judi-
ciously or energetically used. Among other things, they said that *the
establishment has increased beyond the ability o% any single individual
at Washington to superintend it in its more important details, and the
efficiency of the whole has become greatly lessened. The intelligent
gentleman who for so many years has had the general superintendence
of the lights has had but little assistance of the proper kind ; he har been
compelled to rely too much on contractors; and the representations of
contractors will always be favorable. The duties of the office of Super-
intendent of Lights at Washington coming immediately under the direc-
tion of the present incumbent have been conducted, to the best of our
knowledge, with skill and promptitude ; but those duties have been, for
many years, almost necessarily confined to the payment of salaries and
contractors and other financial matters; and there can be no doubt this
lea:(;, ’i’mportant part of the whole system has been exceedingly well man-
agMeantime, Congress had been so profuse in its appropriations for
light-houses that tﬁe propriety of erecting those for which funds had been
more recently appropriated was questioned. So, on March 3, 1837, it
was provided in the act making appropriation for building a large num-
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ber of light-houses, light-boats, buoys, etc., that before any of these im-
provements should be commenced, the Board of Naval Commissioners
should cause an examination to ascertain whether the safety of navigation
required any additional facilities, and, if so, what was most suitable for
each place, and to report their opinion in regard to all such places to the
Secretary of the Treasury, who should proceed with the work so recom-
mended ; and that if the Board should advise that the improvements were
not needed, they should not be made, and the commissioners’ opinions,
with the facts, should be reported to Congress.

The Navy Department detailed twenty-two officers on this duty, and,
as the Treasury Department placed at their disposal its revenue cutters,
they were enabled to carry out their orders, which were quite precise, and
to make their report to the commissioners ir time for them to report to
Congress, by the end of the year, their recommendations, which in effect
arrested the erection of thirty-one of thie proposed light-houses, for which
$168,700 had been appropriated. In concluding their repori, the Navy
Commissioners said :

When the importauce of the light-house system is considered. in relation to the
safety of human life and of the vast amounts of property, to the tacilities and rapid-
ity of communication which it gives between different parts of our extensive Atlan-
tic and Lake coasts, and to the cost of estalblishing and supporting it, the Board
would respectfully suggest whether some additional measures may not be desirable

for obtaining the necessary information to secure the greatest public advantage for
the expenditures which'may hereafter be authorized for these purposes.

On March 22, 1838, the Senate

Resolved, 'That the Committee on Commerce be instructed to inquire into the ex-
pediency of importing one or more sets of the most approved apparatus, now em-
ployed on the coast of Europe in the light-houses; and A

That the same committee be instructed to inquire whether a more efficient, safe,
and usefu] system of locating, constructing, lighting, and managing the light-honses
necessary for our coasts inay not be adopted.

On May 10, 1838, the Committee on Commerce made report. Among
other things it said :

The committee fully concur with the navy board, that legislation should proceed
on more safe and satisfactory information. Hitherto Congress had before it, when
proceeding to authorize the ersction of new houses, little information beyond the
loose, irresponsible statements of petitioners, most of whom were in many instances
unknown, and there is too much reason for believing that those most active in get-
ting up these petitions have been persons interested in their success, that some iwmn-
portance might be givey to an unfrequented harbor where they had lands ; that they
might be made superintendents of lights, or make sale of the sites, or get a contract,
or be benetited in some other way which had no connection with the public interest,
beyond making it subserve their own. Legislation should proceed upon a more safe
and satisfactory basis.

The result of the discussion which followed this report was the inser-
tion in the current appropriation act for building light-houses, etc., ap-
roved July 7, 1838, clauses providing, among other things, that the
retary of the Treasury import two sets of lenticular apparatus, and
one set of the reflector apparatus—all of the most improved kinds—to
have them set up, and their merits as compared with the apparatus in use -
tested by satisfactory experiments; and $15,000 were appropriated for
that purpose; that Congress may be farnished with more exact informa-
tion in regard to the light-house system, the President divide the Lake
and Atlantic coasts into districts, and appuint a naval officer to examine

each district, whose duty it shall be to inspect all the light-houses, etc,,
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and to report upon their present condition and usefulness ; also to report
whether the public emergencies require any, and if any, what, further
additional light-house works, and of what kind ; and also to report whether
any modification of the system of erecting, superintending, and managing
the light-houses, etc., is required, and, if so, in what particulars; also that
these officers were to examine and determine whether it was expedient to
construct the specified light-houses.

Under this act the President divided the Atlantic coast into six, and
the Lake coast into two, districts, and in August, 1838, an officer of the
Navy was detailed to each; arevenue-cutter or a hired vessel was assigned
to bim, and he was instructed by General Superintendent Pleasanton, on
August 4, 1838, to make his examinations and reports as soon us possible,
that their result might be communicated to Congress.

These officers presented a detail of facts that deserved grave attention.
Their reports showed much of poor management, and something of a
lack of ecnergy, while certain minor deficiencies were pointed out with
fullness of statement. But while details were severely criticised, more
fault was found with the system itself than with its administration. Lien-
tenant Bache’s report is noticeable for its presentation of a plan for a new
system, somewhat like that which is now actually in operation.

Mr. Pleasanton met the criticisms in these reports by confession and
avoidance. If too many lights had been established, and if some were in
wrong places, as charged, it was the fault of Congress. If they were not
well built, it was the fault of contractors or collectors. But, in the light
of the facts given in the reports, it would be possible to remedy the errors
of detail, and he should do so as rapidly as the funds at his disposal would
permit. He did not, however, admit that the system could be improved
except in its administration. .

On February 18, 1842, the House of Representatives

Resolved, That the Committee on Commerce inquire into the expenditures of the
light-house establishment since the year 1816, including expenditures for building and
repairing light-houses, light-ships, beacons, and every work embraced under this gen-
oral head, and make their report of the result of their inquiries ; and also to examine
into the propriety of reorganizing this establishment ; of changing the mode of its

superintendency, and equalizing the compensation given to them and to the light-
bounse keepers, and to the keepers of other lights, buoys, etc., and the propriety of
suppressing some of the posts of this eastablishment, and of so modifying the laws
and practices under them in reference to this establishment as to secure strict ob-
servation of the duties of superintendents and keepers of lights; and to report the
result of their examinations to this House, with anch plans as they may agree upon,

tending to reduce the annnal expenditares of this establishment, and to improve the
facilities and safety to navigation.

Resolved, That the Committee on Commerce be instracted to inquire into the expe-
diency of providing by law for a retrenchment of the expenditure and better regula-
tion of the light-house department; and, also, whether the same ought not to be
placed under the charge of the Topographical Barean.

On May 25, 1842, the committee made a careful and apparently ex-
haustive report, tabulating the expenses of the establishment year by year,

and taking a kindly view of its administration, as the following extracts
will show:

From July, 1820, when the number of light-houses was 55, to the present year,
when the number of light-houses is 256, of light-boats 30, of beacons about 35, and
of buoys nearly 1,000, the establishment has been under the charge of the presen: gen-
eral superintendent, the Fifth Auditor of the Treasnry. It might well be expected that
a twenty-two years’ service would have given to the incumbent an experience and a
practical knowledge of his business, which should not, for slight causes, be lost to

1544 2
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the public. A transfer of his duties to other and inexperienced hands conld not but
be attended with derangements, and probably with an increased expenditure. It
bas now a good degree of method, system, and economy ; and with some improve-
ments, particularly in regard to inspection, it is believed that our establishment may,
with no disadvantage, compare with that of any other nation. Every innovation is
not an improevement. When an old and well-tried system works tolerably well.
change and experiments should be avoided. More time and further experience will
fornish correctives far better than any which may be anticipated from a change of
svatem and a displacement of those who have thus far given that system a claim upon
the confidence of the conntry. That complaints to some extent have been made is
true, and that complaints would be made occasionally under any mode of adminis-
tration is equally true; bLut,.taking into account the magnitude of the establishment,
the multiplicity of its details, and the large number of agents necessarily in the
service, it seems to the committee that it merits no little commendation. In the
opinion of the committee a transfer of the duties of the Treasury Department, im-
pos:lq byo::iw in r:agard to our light-house establishment, is not called for by the
public " *

The a%pointment of inspectors, whose duty it should be to devote their entire time,
under the direction of the general superintendent, to frequent examinations of the
light-houses, light-boats, buoys, etc., wounld be atteuded with no great increase of ex-

nse. The amount now paid to the collectors acting as superintendents is about
rrl,OOO. There is already attached to the establishment a small vessel. That, with
the additioun of another, and the salaries of two inspectors for the two districts on the
Atlantic coast, bays, ete., if two should be deemed necessary, the increase of expense
will be inconsidérable, The frequent reports of these inspectors to the general super-
intendent would enable him at all times to know the precisc condition and order of
the establishment, and to increase its efficiency, nsefulness, and economy.

As Congress coincided with its committee, no further legislative action
was then taken on the subject.

On the day that the Committee on Commerce reported to the House of
Representatives, Mr. Forward, then Secretary of the Treasury, appointed
Mr. I. W. P. Lewis, a civil engineer of high repute, as agent to visit cer- .
tain light-houses, and to make an examination of their positions, and of the
floating lights, beacons, and buoys, and to report generally, and in partic-
ular on specified points, which covered a large range, including mooted
points, as to the management of the lights.

On January 31, 1843, Mr. Lewis made-his report, which was submitted
to Congress on February 25, 1843, by Secretary Forward, with recom-
mendations. The agent had inspected seventy light-houses in Maine, New
Hampshire, and Massachusetts, or one-third of all in the establishment.
He reported as to the condition of each with such a reckless vigor that Mr.
Pleasanton, in his reply, made after Mr. Spencer had succeeded Mr. For-
ward as Secretary of the Treasury, characterized Mr. Lewis’s report as
“these calumnies,” and declared himself as ¢ having been grossly misrep-
resented by him.”

Relative to this controversy, a prominent Boston journal said :

The report that resulted from this partial survey was a severe blow to the defenders
of the old system ; and if the Government had possessed the proper energy and vigi-
lance, such an array of facts could not have been passed over unnoticed. A mostim-
portant beucfit, however, resulted to the public from the detail of the defective con-
dition of the light-houses, and particularly as to the illuminating apparatus contained
in this report of Mr.I. W.P. Lewis; for it compelled the general superintendent of
light-houses to bestir himself and get things a little more to rights. All the promi-
nent coast lights received new lanterns and apparatus as fast as the contractor could
supply them, and many of the minor lights were similarly renovated. The public
mind was also dirocted to the subject in consequence of the attacks bronght upon Mr,
Lewis by bis temerity in exposing the actual condition of things, and the subject has
by slow degrees begun to assume that importance which so properly belongs to it.

But Secretary Forward, on February 24, 1843, in transmitting Mr.
Lewis’s report to Congress, accompanied it with recommendations indi-
cating on his part, at least,a comprehension of the fact that the system in
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vogue was not equal to the requirements made upon it by the country’s
commerce. Among other things he suggested—

That no appropriation be made thereafter, for the erection of a new light-house,
until the necessity for such a light shall have been ascertained by a competent en-
gineer, who shall report on its necessity, on the site to be selected, and shall submit
a suitable plan, estimate, and specification, for the required buildings ; also detail-
ing the magnitude of the light required, and its distinctive character, with a view
to render it intelligible to seamen, if established—all of which shall be submitted to
Congress, for such action as may be then deemed proper; that “‘whenever the repairs
of light-house buildings or floating lights called for exceed five hundred @ellars, the
natare and extent of such repairs, and their probable cost, shall be carefully estimated
and reported bhefore they shall be aunthorized ; and that contracts shall be made
where the expenditure for the construction or rePairs of land and floating lights ex-
ceed five hundred dollars, which contracts shall be filed in the Treasury; that the
system of illumination, and whatever is connected with the lighting apparatus, shall
be placed under the supervision of the engineer, who shall report the alterations or
improven.ents, if any, which may be required, such report to be approved before the
work is authorized ; that for the attainment of these purposes, the Sesretary of the
Treasury be empowered to appoint a competent scientific and practical engineer,
with a salary of 83,000, whose whole time snall be devoted to the regulation of the
details of the light-house system, and who shall annually report the condition of the
Light-House Establishment, and its wants for the coming year, with detailed eati-
mates, and such other information as comes within the scope of his duties, for thein-

formation of the Treasury and of Congress.

Congress adjourned before action was had, and the matter went over
with many others to the next session.

On June 19, 1845, the then Secretary of the Treasury, Hon. R. J.
Walker, had Lieuts. Thornton A. Jenkins and Richard Bache detailed for
that Eurpose from the Navy, and sent abroad “to procure information
which may tend to the improvement of the light-house system of the Uni-
ted States; and as it is alleged that important improvements have been
made in the light-houses of Kurope, especially in those of France and Great
Britain, the Department wishes to understand fully what those improve-
ments are, and if they are adapted to introduction into our country.”
They were especially directed to procure information as to the organiza-
tion of light-house systems ; the construction of light-houses ; the lighting
apparatus used abroad ; attendance on lights and its expense and efficiency ;
and as to buoys and their appendages. They were also required to make
full descriptive reports, with recommendations ; and they were to visit some
of our own light-houses to compare them with those they had seen while
abroad. Lieutenants Jenkins and Bache spent the greater part of the
next year in Great Britain and on the Continent, and, after a tour among
the principal light-houses of this country, on June 22, 1846, made a report
with recommendations for the “reorganization of the Light-House Establish-
ment by the appointment of an engineer and optician, and a number of
district superintendents to assist the general superintendent, under the di-
rection of the Secretary of the Treasury.”

Under this organization the duties of the general superintendent were
to be slightly changed ; the engineer was to make the plans, drawings,
and specifications of works, assist in the selection of sites, superintend the
construction and repairs of all towers and buildings, and inspect, at least
once u year, the principal light-stations ; the optician was to superintend
the construction of and to test all illuminating apparatus, make experi-
ments upon apparatus and illuminants, visit all the lights once a year, to
direct repairs and adjustments of illuminating apparatus, which would
take all the time of the engineer and optician.

The coasts were to be divided into ten districts, and each was to be
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placed in charge of an officer of the Navy as district superintendent, who
was to inspect the light-houses, monthly at least, who was to establish
positions of the aids to navigation by angles, bearings, etc., attend to
buoys, etc., and make the regular reports to the central office. They also
earnestly recommend the substitution of the French lenticular apparatus
for the reflectors then in use. They argued in favor of the economy of
the change, and detailed the manner in which it might be effected.

The Secretary of the Treasury, Mr. Walkei, in transmitting the report
to Congress, after stating that the suggestions for the improvement of the
system met his hearty concurrence, said :

The report of the inspecting officers detailed from the Navy to examine the lights
on our coasts showed their absolute defects; the present report shows their deficien-
cies as compared with other countries. The trial made of one of the French lights
at Sandy Hook (Highlands of Navesink), entrance to New York Harbor, has been
very successful, but the use of this apparatus has not been extended.

The Sceretary then discussed the propriety of the changes, and stated
that the existing laws still required the use of the old-fashioned reflectors
in the light-houses. He concluded with the following suggestions in the
interest of reorganization :

It is obvious that a very considerable range of practical and theoretical knowledge
is required for the improvement of the system ; more than can be looked for from one
individual, however éminent in science. The proper organization of the system, and
planning of its details, require the efficient head of a bureau familiar with the
working of a general organization—a person capable of furnishing informatton in
regard to the coasts and harbors from actual surveys; persons minutely acquainted
with the wants of navigation, with the details of location and construction of the
light-houses, and with tbe chemical and mechanical principles involved in lighting.
While this knowledge cannot be obtained from one person, a board may be organ-
ized, without expense to the Government, by which the systemn may he considered in
all its particulars, and an efficient plan of action recommended. Snch a board might
consist of the Fifth Auditor, the Superintendent of the Coast Survey, two naval offie-
ers, two engineer officers (one military, the other a topographical engineer), and a
secretary, who might be a junior officer of the Navy. By their action a plan might be
prepared which would secntre approval, and provide for the necessary progress of our
system of light-houses, and our other aids to navigation. I would, in conclusion,
respectfully request from Congress the aunthority to organize such a board, and to
execute the plans which they may suggest, as far as practicable under existing laws
rezulating this branch of the public service.

Congress received this report and these recommendations as it had those
previously presented, and, as before, without immediate action. Buton .
March 3, 1851, an act of Co:dgress was approved, in which the Secretary
of the Treasury was authorized to put the Fresnel illuminating apparatus
into light-houses as rapidly as he thought best; to appoint a board of
proper persons to inquire into the condition of the establishment, and make
a detailed report and programme to guide legislation in extending and
improving the system of construction, illumination, inspection, and super-
intendence ; and to detail engineer officers from the Army to superintend
the construction and renovation of future light-houses. On May 21, 1851,
Mr. Corwin, the Secretary of the Treasury, constituted and instructed
this Board. It consisted of Commodore W. B. Shubrick, U. S. Navy, as
president, Commander S. F. Du Pont, U. S. Navy, General Jos. G.
Totten, U. S. Engineers, Colonel James Kearney, U. S. Topographical
Engineers, Prof. A. D. Bache, Superintendent U. S. Coast Survey, and
Lieut. T. A. Jenkins, U. S. Navy, secretary.

On January 30, 1852, the Board made an elaborate report of seven hun-
dred and sixty pages, illustrated by forty plates, and with numerous wood-
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cuts, embodying the scientific and practical information necessary to a
clear understanding of the light-house system. The examinations ex-
tended into the construction of towers, dwellings, and illuminating appa-
ratus, included a careful investigation ‘of the manner in which keepers per-
formed their duties; of the ability and fidelity of the inspectors; of the
mode of supplying the establishment with oil and other stores, and of the
method of making contracts and testing supplies. It contrasted onr meth-
ods with the light-house administration of Great Britain and France.
Every source of reliable information seems to have been explored to reach
a true estimate of the merits and defects of our system. The Board re-
commended that the lights be classified, after the French method, into
orders, to be followed by a system of designation. The orders running
from one to six would indicate the magnitude or intensity of the light—
the first order being the largest. The designation would define its char-
acteristic, as fixed, flashing, revolving, red, white, or a combination of these
qnalmes Then it recommended the geneml adoption of the Fresnel len-
ticular system of illuminating apparatus in place of the old system of
illumination by the Argand lamp and parabolic reflector. And it also
recommended a more vigorous administration of the establishment, and
to that end the erection of a board much after the French plan, which
should combine in it all the scientific experience necessary to the highest
success in illumination, construction, hydrography, engineering, knowl-
edge of the needs of commerce, and especially of administration. It recog-
nized the services of Mr. Pleasanton, who had administered the light-
house service for over thirly years, bringing it up from Lwenty-five lights
to three hundred, saying that ¢ great credit is due to the zeal and faithful-
ness of the Geneml Superintendent and to the spirit of economy which he
has shown,” which spirit, perhaps, accounted for the “lack of zeal exhib-
ited for the adoption of modern improvements ;”’ but they asserted the
impossibility of any one man’s ability to handle the system then, and the
necessity for organization, for subdivision, and for a system comprehend-
ing the great and varied requirements necessary to a successful adminis-
tration of the many separate and distinct interests constituting the estab-
lishment, and bringing all under the consideration and final direction of
a central head which they proposed should be, instead of one man, a board
of experts, havmg, or capable of obtaining, the knowledge necessary to
every detail of each branch of the great and still growing establishment.
This report was referred by the Senate to its Committee on Commerce
on February 5, 1852, but was taken up for action in the House of Repre-
sentatives, which embodied the plans it suggested in an appropriation bill,
which passed both houses, and was approved on August 31, 1852, by the
President. This organic act, constituting the nght-House Board gs it
now exists, is contained in the last nine sections of the act providing for
the civil and diplomatic expenses of the Government for the year ending
June 30, 1853. This act required the President, immediately after its
passage, to appoint two ofhcers of the Navy of hlgh rank, two engineer
officers of the Army, and two civilians of high scientific attamments, whose
services might be at the disposal of the President, au officer of the Navy
and an officer of the engineers of the Army as eecretarles, who should con-
stitute the United States Light-House Board; the Board to be attached to
the office of the Secretary of the Treasury, and under his superintendence
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to discharge all the administrative duties relating to the construction, illu-
mination, inspection, and superintendence of light-houses, lig-ht-vessels,
beacons, buoys, sea-marks, and their appendages, and embracing the
security of foundations of existing works, procuring illuminating and
other apparatus, supplies, and materials of all kinds for building and re-
building, and keeping in good repair buildings, vessels, and buoys of the
United States. The Secretary of the Treasury was to be president, but
the Board was to elect from its own number a member to act as chairman
in the president’s absence. The Board was to meet quarterly, and as much
oftener as might be found necessary; and to it were to be transferred all
the archives, books, documents, models, drawings, apparatus, returns, ete.,
belonging to the Light-House Establishment of the United States, together
with the clerical force employed on light-house work.

The Board was required to arrange the Atlantic, Gulf, and Pacific
coasts of the United States into twelve light-house districts, and an officer
of the Army or Navy was to be assigned to each as light-house inspector
under its orders.

The Board was to make and promulgate, with the approbation of the
Secretary of the Treasury, rules and regulations necessary for securing
an cfhcient, uniform, and economical system of administration. It was to
have prepared, by its Engineer Secretary, or other engiueer officers of the
Army under its orders, all plans, drawings, specifications, and estimates
of cost of all illuminating and other apparatus, of construction and repair
of towers and buildings. It was to procure by public contract all material
for the construction and repair of light-houses, light-vessels, beacous,
buoys, etc., and all construction and repairs were to be made under the
superintendence of its Engineer Secretary. It was to furnish estimates
of all the expenses which the several branches of the Light-House Es-
tablishment might require, and to make a full annual report. The
members of the Board were to receive no pay for their services other than
that they received in the Army, Navy, or civil service, and they were
prohibited from having any interest in any light-house contracts, as were
all others in the light-house service. Each of those who had served on
the Provisional Board were appointed on the Permanent Board, and its
organization was completed by adding to it Prof. Joseph Henry, Sec-
retary of the Smithsonian Institution, and Capt. E. I.. F. Hardcastle, U.

8. Army, the latter as its Engineer Secretary. The Board met on Octo-
ber 9, 1852, and elected Commodore Shubrick, U. S. Navy, as its chair-
man ; and then it arranged to receive from the General Superintendent the
property of the Light-House Establishment, and to make the necessary
rules and regulations for its governance. Those who had made the pro-
gramme which had guided legislation to the creation of this Board, and
who had in mind alfthe details necessary for carrying out the plan, and
who had the necessary industry, perseverance, am{ patience to put them
into operation ; those who knew all the defects of the service and all the
excellences of the French service on which the new establishment was
to be modeled; those who had so much at heart the interests of the plan,
and who had staked their reputation on its success, were appointed on the
Board, And their zeal was tempered by the addition to it of the calm
wisdom of Prof. Joseph Henry, the Secretary of the Smithsonian Insti-
tution, whose habits of patient investigation, and impartial decision on
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the weight of ascertained authority, and whose already great reputation
as a physicist, would go far to prevent any unneccssary changes or any
hasty action.

"The plans proposed by the Provisional Board to Congress,and formulated
in the organic act, were put into operation by the Permanent Board as
rapidly as existing law and the funds at the control of the Board would

rmit.
peAn Inspector, who was either an Army or Navy officer, and, as soon as
needed, an engineer officer from the Army were assigned to each light-house
district. The Inspectors, under the charge of the Naval Secretary, who
also had charge, in the absence of the Chairman, of the office of the Board,
were charged with the maintenance of the lights and light-houses and with
the discipline of the light-keepers. The district Engineers, under the di-
rection of the Engineer Secretary, were charged with building the light-
houses, with keeping them in repair, and with the purchase, the setting
up, and the repairs of the illuminating apparatus. Both Inspectors and
Engineers maae regular and special reports to the Board, acting always
under its direction, and the Board made a full annual report to the Sec-
retary of the Treasury, who, in turn, made a full annual report to Con-
gress. The Board assigned its members first to an executive committee,
and then divided them into committees on finance, engineering, light-
vessels, lighting, and experiments, and placed that one of its mem%)ers
most expert in each particular branch at the head of the committee having
charge of that branch. The committee on light-vessels was afterward
charged with the care of buoys also, when it was called the ‘‘committee
on floating aids to navigation.” In after years, the committee on the
location of light-houses was added to the number. The executive com-
mittee, consisting of the Chairman and the two Secretaries, were in. per-
petual session, carrying on the routine business of the establishment, w‘l)xile
the other committees met frequently, and the full Board met monthly, or
oftener though required by law to meet but once a quarter.

The Board finding, from the experience of the keepers of the lights at
Highlands of Navesink, that the lenticular apparatus could be managed
by the average light-keeper after mstruction by an expert, and that its use
was more economical in oil than was the reflector apparatus in use, pushed
its substitution with vigor, and, as they had anticipated, with a diminution
of the annual expenditure for oil. -

It perfected the classification of lights, and so differentiated them by
proper distinctions that mariners were enabled to identify and recognize
each light. It substituted light-houses for light-ships, wherever practica-
ble, as rapidly as desirable, thereby making large saving in expense for
maintenance without diminution of the light produced. When sperm-oil
became too expensive for economical use, the Board cast about for a sub-
stitute for it as a light-house illuminant, and after trying and discarding
colza, a vegetable oil, it finally, after much experimentation, adopted lard-
oil, at a large saving in cost and without diminution of light. And again,
twenty years after, when it was evident that a further economy could be
made, it substituted mineral-oil for lard-oil, after much tentative action,
resulting in the invention and manufacture of lamps for its proper com-
bustion. It has tested gas as a light-house illuminant without finding it
adapted to the purpose, although it still has several stations lighted with
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gas from the neighboring cities, and one series of stations lighted with
compressed gas made by its employés.

It has also tested electricity to a certain extent, but thus far it has found
that for general purposes its use is of more hinderance than help to navi-

tors, and hence has been forced to vestrict its use asan illuminant within
well-defined limitations. By a long series of investigations into the laws
of sound, it ascertained the principles on which fog-signals, as aids to nawvi-
gation, were to be constructed, and giving them to the public, stimualated
the invention of proper machines, stimulated their manufacture, and then
put them in operation without other expense to the Government than their
purchase.

When the commerce on the Mississippi had induced Congress to au-
thorize aids for river navigation, the Board devised and put into operation
a system of lights which has revolutionized steam-boat navigation, mak ing
it so safe that the boats which tied up at night now run as by day, aud
that at a small cost, as compared with the expense of the lights on the
ocean and even on the lake coasts.

The Board has organized and buill up by degrees a corps of intelligent
light-keepers, who, entering the service in its lowest rank, after examina-
tion are eligible to promotion in grade and pay according to merit, as
vacancies occur, whose tenure of office is practically during good behavior,
where transfers in location are made when the wishes of the keepers and
the wants of the service coincide, and whose physical and mental welfare
are carefully looked after by the Board, which aims to make its keepers
contented in their responsible and isolated situations.

The Board has had the services of some of the brightest and most active
minds in the American Navy. The Light-House service has, like the Coast
Survey, come to be regarded as a training-school for young officers and
as a field for the best efforts of those higher in rank. The roll of light-
house Inspectors contains the names of the flower of the Navy ; hence it
is no source of wonder that a tour of light-house duty is sought by the
more ambitious and studious of our naval officers, and that the service has
its choice from among the best of them in times of peace..

The Army has also been well-represented in the light-house service.
On the list of the light-house Engineers will be found many of the names
which have given our military establishment reputation if not fame, and
such have been their victories in solving the problems of sub-marine
structures, of opposing successful resistance to the violent attacks of the
elements under the most discouraging circumstances, that it is a question
whether those names connected with the erection of certain light-houses
will not live when history has let die the memory of their brilliant mili-
tary achievements, :

The civil service has been well represented on the Board ilsclf, in con-
nection with the Army and the Navy, by such men as Professors Bache,
Peirce, Hilgard, Henry, and Morton, who have acted as the scientific ad-
visers of the service, and whose names are identified with the solution of
problems in physics which have been worked out under their direction in
methods for gniding mariners by light at night, and by sound when light
was unavailable. Something of the operations of the Light-Ilouse Board
will be detailed in its proper place.



CHAPTER IV.

LIGHT-HOUSE CONSTRUCTION.

The light-houses on the New England coast were constructed previous
to 1840 in two forms, namely : conical towers of rubble stone masonry,
and wooden frame towers erected upon the roofs of the keepers’ dwellings.
The stone towers were built on the natural rock, from stone split from
the adjacent ledges, or from pieces collected on the beach, sometimes even
from fragments of the cliffs rounded by attrition in the surf. The walls
were usually 3 feet thick at the base, tapering to 2 feet in thickness at the
top, and the towers varied in height from 20 to 50 feet. At the top of
the tower and within the walling of rubble, a dome of brick was turned,
with a square opening near the springing-line on one side forming a scuttle
entrance to the lantern. On this brick dome, a flat roof composed of
slabs of stone 4 inches thick was laid, projecting over the walls of the
tower from 6 to 12 inches. The lanterns were attached to the towers by
imbedding the lower ends of their iron angle-posts into the masonry of
the walls some 3 or 4 feet, and the entire construction of the towers was
rude in kind.

The wooden towers erected on the keepers’ dwellings were framed into
the roof of the house. The angle-posts rested on the attic floor-beams
unsupported by studding ; consequently the framing of the house-roof was
distorted by the swaying lateral motion of the tower in storms, and there
was necessarily some leakage.

In 1847 the construction of six difficult light-house structures was de-
volved by Congress on the Topographical Engineers of the Army. They
used the iron pile system, when applicable, and made numerous improve-
ments in the combination of the framework, in making appropriate
arrangement of elevated apartments for the keepers, in making (]isE pile
foundations, for coral or incrusted bottoms, and in improved devices for
the foundations. Capt. W. H. Swift, of this corps, rebuilt the Black
Rock beacon in Long Island Sound, some 4} miles from Bridgeport,
Conn. Three successive stone beacons, costing, together, some £21,000,
had, in the course of twelve years, been demolished. Captain Swift, at a
cost of but 84,600, erected a pile beacon 34 feet above low water, 3 feet
higher than any of its predecessors, which is still standing. An artificial
foundation was made by placing six 12-ton stones partly in an excavation,
and by bedding them in concrete, making a solid platform, and setting
into it five wrought-iron periphery piles and one center pile, measuring
from 3 to 5} inches in diameter. They were sunk through holes drilled

25
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to receive them, rose in the form of a conic frustum, and were solidly
joined together, and properly capped at the top.

OLD MINOT’S LEDGE LIGHT-HOUSE..

A pile structure was also erected on Minot’s Ledge in the open sea,
near Boston Bay, in 1847-’48, by Captain Swift, but it was destroyed by
the storm of 1851, and the keepers lost their lives. It was based on the
solid rock by drilling holes, 5 feet deep, in which one center and eight
periphery 8-inch wrought-iron foundation piles were wedged, and so placed
as to form an octagon 25 feet in diameter at the bottom and 14 feet at the
top, which had an elevation of 60 feet, On this was placed the lantern,
making the height of the whole edifice about 70 feet. The structure was
stiffened by a complex system of diagonal bracing connecting the piles.
Whatever may have caused the overthrow of the light-house—and that is
still a mooted question—it does not appear to have been owing to any fault
of the rock fastenings, as the piles were broken or twisted off, leaving
stumps from 4 to 6 feet long in their original places.

BRANDYWINE SHOAIL LIGHT-HOUSE.

Brandywine Shoal light-house, in Delaware Bay, about 8 miles from the
ocean, was begun in 1848 and lighted in 1850, costing $53,317 for the light-
house,and $11,485 for the surrounding ice-breaker. This wasthefirst light-
house built in the United States on Mitchell’s screw-pile, which takes its
name from the inventor of its broad helicoidal flange, like an auger pod,
which, by merely turning, is bored into a sand, mud, or other penetrable bot-
tom, so as to form a foundation with a hroad bearing, on which the weight
of a columnar structure may be safely diffused, and to which it is firmly
fastened. This structure has a light 46 feet above sea-level, and is inde-
pendent of the ice-breaker, which is a pier of thirty screw-piles, each
twenty-three feet long, 5 inches through, connected at their heads, and
near low water by spider-web braces, by which a shock on one pile is
communicated to all. The light-house is in good condition, but the ice-
pier has been re-enforced. It was designed and built by Maj. Hartman
Bache, then of the Corps of Topographical Engineers of the Army.

CARYSFORT REEF LIGHT-HOUSE.

An iron-pile light-house was begun for Carysfort Reef, Florida, in 1848
and finished in 1852, Tt stands on a coral reef in the Gulf Stream in 4}
feet of water, and is 112 feet high. It 1s founded on a hard exterior coral
crust above a softer mass of calcareous sand; hence, screw-piles bored
through the crust would have an insufficient bearing. On this account,
large 1ron foot-plates were used to diffuse the pressure over the 130 square
feet of surface crust, and the piles, passing through center-eyes in the
plates, were driven 10 feet into the sand, or until their under shoulders
were lodged on the bed-plates. Nine 8-inch piles constitute the center
of an octagon, and the aggregate column gets rigidity from a pecular sys-
tem of cross-ties and braces. The structure was begun by Capt. Howard
Stansbury, and was completed by Maj. Thomas B. Linnard, of the Engi-
neer Corps, assisted by Mr. I. W. P. Lewis, a civil engineer. The keepers
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live on the structure in an elevated house. The whole was made, framed,
tied together, and set up for trial in Philadelphia, so as to obviate the

necessity of fitting parts at its isolated site. Its cost is stated at $105,069
for the entire structure.

SAND KEY LIGHT-HOUSE.

Sand Key light-house is built on a plan somewhat like that of Carys-
fort, but it stands in deeper water, on screw-piles; its focal plane is 121
feet above the foundation ; it cost $101,520; was completed in 1853, and
it has proved its complete stability. It was built by the late Maj. Gen.
George G. Meade, then a lieutenant of Topographical Engineers, who also
built an iron screw-pile light-house on the flats in Key West Harbor, and
the important pile beacon on Rebecca Shoals, since destroyed and rebuilt,
and several other light-houses. ‘

SOMBRERO KEY LIGHT-HOUSE,

But the most important light-house built by General Meade was that on
Coffin’s Patches, or Sombrero, Key, on the Florida Reefs, about 50 miles
east of Key West. It stands in 8 feet of water and shows a light about
140 feet above the water, giving a range of over 20 statute miles. The
12-inch wrought-iron foundation-piles rest centrally on cast-iron disks 8
feet in diameter, and go 10 feet into the rock. They stand at the angles
and center of an octagon 56 feet across and are braced by horizontal radial
and periphery ties of 5-inch round iron. The frame rises from this foun-
dation pyramidal in shape, in six sections, with a diameter of 56 feet at
the bottom, tapering to 15 feet at the top. All the shafts, except those of
the lower series, are of hollow cast-iron. The keeper’s dwelling, in the
second section, is 30 feet square, and of boiler-iron lined with wood. A
circular stairway ascends to the lantern, in a cylinder of boiler iron lined
with wood. The entire structure, illuminating apparatus included, cost
about $120,000, and it is still standing, and is in excellent condition.

SCREW-PILE LIGHT-HOUSES.

There are now, principally in the Southern waters, more than seventy
light-houses ; some with and some without screws, and of a variety ot
detail and size. A fair specimen of the screw-pile, river, or harbor light-
house is given in the following plate. It is a representation of the light-
house on Thimble Shoal, off the entrance to Hampton Roads, Va.

FOWEY ROCKS LIGHT-HO(TSE, COAST OF FLORIDA.

Fowey Rocks light-house is shown in the following plate. It was com-
menced in 1875, and was finished and lighted on June 15, 1878. It is
on the extreme northern point of the Florida Reefs ; is of iron ; rests on
nine piles driven about 10 feet into the live coral rock, and is built from
plans made in the office of the Light-House Board. The different parts
were made by three different contractors, and they were finally fitted to-
gether and set up before the structure was shipped to its site.
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The lower series of piles were put in place in the summer of 1876. A
working platform, about 80 feet square, was erected on the site, 12 feet
above low water, on iron-shod mangrove piles driven into the coral. The
disk for the central iron foundation-pile was then lowered to its place, and
through this disk the first iron pile was driven. A perimeter disk was
then located by a gauge, and then the first perimeter pile was driven
through the center of this disk. After every blow of the pile-driver
the pile was tested with a plummet, and the slightest deviation from the
vertical was rectified. In locating the disk for the next perimeter pile
two gauges were used to get the proper distance from the center pile. and
to maintain it from the perimeter pile just driven. The disks were
dragged along the bottom untii their outer edges just touched the free
edges of the gauges. Each pile was then driven through the center of
its disk. When all were driven their tops were leveled by cutting off
each to the line of the lowest. The piles were then capped with their
respective =ockets; the horizontal girders were inserted, the diagonal
tension-rods were placed and screwed up, and the foundation series was
completed. ;

Two months were occupied in placing the wooden platform and this

series.  During this time they had a smooth sea, but afterwards the
main difficulty was with the bad weather. Finally, that problema was
solved by pitching tents on the working platform, leaving a force of work-
men there high and dry above the running sea, supplied with material,
and with a small hoisting-engine to work their derrick, and their shears
which had been erected in the single day of good weather they had out of
a month.  The material was stored at Soldier Key, 4 miles distant, and
it wis delivered by lighters towed by a steam-launch, which waited with
st up day and night to tow them out when the weather would permit.
On March 16 the derrick and shears were sent up, and a cargo of iron
delivered 5 und in the course of the next sixteen days five more cargoes
were Junded on the platform, and the first series of columns, girders,
rocbeetn, st tension-rods were placed in position.  On April 7 the skeleton
of e mecond weries and the cylinder to the top of the series were up;
sied in wnother weck all the iron up to and including the service-room
foos wim on the platform.  On April 30 the dwelling was finished ; on
May 20 the illuminating apparatus was in position, and on June 15 the
work wis completed and the light was exhibited.  The whole structure
wir completed with celerity, in spite of the trying circumstances accom-
prnying it constrnetion,

IRON LIGHT-HOUSES,

The wme of iron plates for banilding light-houses on dry foundations,
though not uncommon shrowd, met, enrly, with little favor in this country.
But, in lnter yonrs, whep n grenter knowledge of iron as a material for
consteucetion obtained here, it enme into larger use.  Among the more
wominent of the iron towers are those at Cape Canaveral, Florida, designed
in 1RGO, nnd built in 18G8, 150 feet high; that at Bolivar Point, Tex., built
in 1872, 120 feet high; that at Huanting Island, S, C., built in 1873, 130
foet high, and the tower ereeted at Cape Henry, Va., which is 165 feet
high.



LIGHT HOUSE ON FOWEY ROCKS,FLA.
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HUNTING ISLAND LIGHT-HOUSE.

The following description of the tower at Hunting Island, a represen-
tation of which is given in the plate, will show how these iron towers are
put up, and this is a good specimen, as the necessity of taking it down to
remove it further back, if the encroachments of the sea make it necessary,
was considered at the time of its erection. The shell of the tower is com-
posed of cast-iron panels of about 1,200 pounds each, of exactly the same
size in each section, that they may each occupy any position in the ring
which they form when put together. These panels vary in thickness, in
the different sections, those of the lower section being 13 inches thick and
of the highest three-quarters of an inch. They are provided with flanges
50 as to connect the several tiers of plates, and the plates of each tier with
each other by bolts through them, und the flanges are made smooth, with
true planed surfaces. The base of the first tier of panels consists of a
flange 3 feet wide. This flange extends 1 foot and 4 inches beyond the
outside of the tower, and contains the holes for the foundation-bolts,
which are strengthened by bosses and vertical knees extending upward to
the top of the castings. The top flange is 6 inches by 1§ inches. The
lower flange of the second section is 1 toot 2 inches wide. The top flange
of this tier and the flanges of the third section are six inches by one and
three-quarter inches. The flanges of succeeding sections are similar. The
side flanges correspond in size with the top flange of each panel.” The
horizontal flanges have strengthening knees. A 9-inch interior lining
of brick is built between the lower flanges. The whole structure rests on
an eight-inch concrete foundation, to which the lower iron section is se-
cured by thirty-six anchor-bolts built into the concrete. Its original cost
was $102,000.

This light-house was built in 1875 on a site fully a quarter of a mile
back from the sea, The Light-House Board was then criticised for plac-
ing it so far from the water. But it would have been wiser to have made
the distance much greater, as it has since been forced to take the structure
down and to set it back a mile and a quarter to the southward, because of
erosion of the land by the sea. This was done at a cost of $51,000.

IRON SKELETON TOWERS.
SOUTHWEST PASS LIGHT-HOUSE, MOUTH OF THE MISSISSIPPI RIVER.

Iron skeleton towers are used on land where the soil affords an inade-
quate support for a masonry foundation, and where great cheapness was
required. That at the Southwest Pass of the Mississippi may be regarded
as typical. Its foundation consists of a grillage of timber resting on piles
and covered with concrete, on which are secured the iron socket disks from
which start eight external and one central shaft of the skeleton. A two-
story dwelling for the keepers was placed within the shafts and a staircase
was carried up to the lantern through a tube as in case of the similar lights
on submarine foundations. These towers are found to meet the purpose
for which they were intended, and are practicable where heavier struc-
tures would not answer, offering less resistance to the wind and being
much cheaper to build.
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PARIS ISLAND RANGE-LIGHT, SEA COAST OF SOUTH CAROLINA.

An interesting specimen of these skeleton iron structures was erected
in 1880 at Paris Island, Port Royal Sound, South Carolina, and exhibits
the rear light of the Paris Island ranges. Altogether it is the most
economical structure of its kind in the history of light-house construction.
The plan was born of necessity, it being found that the appropriation
made by Congress was not sufficient to put up the kind of structure which
it was usual to place in such a position. The light exhibited is simply
a locomotive head-light in form of a powerful parabolic reflector. It is
claimed, however, that it is possible to use on it a lenticular apparatus.
The tower is composed of columns, sockets, struts, and tension-rods,
framed in the form of a triangular pyramid. It rests on six circular iron
disks, anchored to a concrete foundation. The top sections of the side
facing the channel, for which the tower is the guide, are provided with
horizontal slats to increase the visibility of the beacon by day. The light,
which runs up and down in rails in the plane of the structure, is housed
by day and at night is hoisted to its place at the apex of the triangle by
machinery worked in the oil-house. The large foundation-plates are
about 40 feet 4 inches apart. The focal plane of the light is 120 feet
above the sea level, but the top of the stracture is 132 feet from the ground.
The cost of the iron work set up is $9,400, and that of the structure com-
plete and lighted about $12,000.

BRICK TOWERS.
ST. AUGUSTINE LIGHT-HOUSE, FLORIDA.

St. Augustine light-house was built of brick and iron, on Anastasia
Island, on the eastern coast of Florida. Its base is a frustum of an oc-
tagonal pyramid, on which rests the frustum of a cone. The interior of
the tower is lighted by five windows. Eight flights of spiral stairways
furnish access to the watch-room, the first seven of which make half a
revolution of a spiral, but the eighth a whole revolution. This arrange-
ment does away with the incumbrance of a central shaft to support a
winding stairway, and allows of a better lighted interior and of more room.
The structure is 150 feet high from base to focal plane, and 165 feet above
the level of the sea, shows a first-order light, and cost about $100,000 for its
erection, The spiral stripes shown in the plate are added to distinguish
it, as a day-mark, from adjacent sea-lights.

Many brick light-houses of this type have been built, among which
are those at Cape Hatteras, Currituck Beach, and Body’s Island, North
Carolina ; Morris Island, South Carolina ; Sand Island, Alabama ; Cape
Foulweather, Point Arena, and Pigeon Puint, on the Pacific coast.

STONE TOWERS.

MINOT’S LEDGE, MASSACHUSETTS.

Minot’s Ledge light-house was almost the first, if not the first, impor-
tant structure erected by the Light-House Board. It was its most im-
portant engineering work, and, according to General Barnard, himself
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REAR BEACON, PARIS ISLAND RANGE, SOUTH CAROLINA.
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an engineer of wide fame, “it ranks, by the engineering difficulties sur-
rounding its erection, and by the skill and science shown in the details of
its construction, among the chief of the great sea-rock light-houses of the
world.” The Board gave to the plan and its execution its freshest and
best powers, and the combined energies of all its members. A careful
survey of the rock was made under the orders of the Board by Major
Ogden, U. S. Army. Then, after a full consideration of all the difficul-
ties by the full Board, the preparation of the plan was devolved on the
chairman of its Committee on Engineering, General Totten, then Chief
of the Engineers, U. S. Army, who planned the masonry tower for this
difficult position, and so successfully that, with the exception of the lower
stones of the foundation, which had to be studied out of the rock itself,
and some details of the construction, the tower was built throughout by B.
S. Alexander, then Lieutenant of Engineers, according to the plans of Gen-
eral Totten. The brief memoir left by Colonel Alexander seems to be the
only authentic record of the construction of the tower, but, brief and mod-
est as it is, it shows that the skill and ability of the builder equaled that
of the designers,and the great tower is likely to long stand as a monument
to both ang to the Board that availed itself of their powers.

The last stone was laid June 29, 1860, five years from its commence-
ment, and its cost, including the keepers’ houses on shore, was about
$300,000.

LAKE LIGHT-HOUSES.

There are many light-houses on the Northern Lakes, of types pecul-
iarly fitted to those great ¢ unsalted seas.” There are two hundred and
eighteen lights on the lakes, but large as that number may seem, it is
much less than is demanded by the lake commerce. The total tonnage
of these lakes on June 30, 1888, as given by the Bureau of Navigation,
was 874,102.72 tons.

In the commercial statistics appended to the annual report of the Chief
of Engineers, U. S. Army, it appears that for 1888 the arrivals and de-
partures of vessels from the portof Chicago, Ill., alone aggregated 20,000,
and those from the port of New York 23,000. Allowing seven and a
half months in the year as the period of lake navigation, it being frozen
up the rest of the time, the average daily movement of vessels at Chicago
was 89, as compared with 63 at New Y ork.

The records at St. Mary’s Falls Canal, which is the outlet of Lake Su-
perior, show for the fiscal year which closed on June 30, 1888, the passage
of 8,832 vessels, of nearly six and a quarter millions registered tonnage,
and 7,000,000 freight tonnage.

During the navigation season of 1888, 31,404 vessels, with a regis-
tered tunnage of over 19,000,000, passed the Lime Kiln Crossing of the
Detroit River, the outlet for the three lakes, Huron, Michigan, ang Supe-
rior, corresponding to an average daily movement of 140 vessels, a num-
ber believed to be unexampled elsewhere in the world.

- At the recent Water Ways Convention at West Superior, Wis., a com-
pilation of official data was submitted to show that the lake commerce
aggregated over $1,000,000,000 in value, with a tributary territory of
over 1,000,000 square miles, and 17,000,000 of population.
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A point that strikes one conversant with sea-board requirements, but
unfamiliar with the lake region, is the oharacter of the navigation. Lake
Superior, in round numbers, is 400 miles in length ; Michigan, 350 miles ;
and Huron and Erie, 250 ; but the average width does not exceed hfty
miles. While, therefore, the total area of water surface is large and the
distances great ; for example, Chicago to Duluth, 800 miles; Chicago to
Buffalo 900 miles, and Buffalo to Duluth 1,000 miles—equal to the dis-
tance from Sandy Hook to Cape Canaveral, or the longer axis of the
Gulf of Mexico—the voyages are made in constant proximity to the land,
which, in fact, is seldom out of sight. Furthermore, for long stretches
the navigation, froin the numerous islands and shoals, is exceedingly com-
plicated and difficult, and the entrances to nearly all the ports are com-
paratively shallow and barely sufficient to admit loaded vessels. In ad-
dition, the lakes in the spring and fall are infested with fogs, which often
shut in suddenly and last for several days. It may be stated also that,
owing to the frequent voyages and changes of cargo—much of it metal
and iron ore—the compass is much less reliable than at sea, while the
comparative shallowness of the lakes and the variations in depth reduce
the value of the lead line as a guide. In other words the lake navigator
is engaged in a coasting trade with land on both sides of him, and makes
his voyages under conditions of exceptional difficulty.

These facts have been thoroughly recognized in United States light-
house expenditures. Up to 1883 there had been spent in placing lights
on the waters of the State of Michigan, which has more lake coast than
any other, the enormous sum of $2,353,207.77, a much larger amount
than was spent in lighting the shores of any other State on ocean, gulf;, or
lake. And still the heavy expenditures which are continuously being
made for lighting the Great Lakes does not keep pace with the unex-
ampled growth of lake commerce.

SPECTACLE REFEF LIGHT-HOUSE, LAKE HURON, MICHIGAN.

This is a similar structure to that on Minot’s Ledge. It stands on a
limestone reef at the northern end of Lake Huron, near the Straits of
Mackinac, which join it to Lake Michigan. The nearest land is 10}
miles distant, but it is 16 miles from Scammon’s Harbor, where the work
for it was prepared. The waves have a fetch of 170 miles to the south-
eastward, but the ice-fields, which are here moved by a current and which
are thousands of acres in area, and are often 2 feet thick, had to be
specially provided against, 35, when moving in mass, they have a force which
is almost irresistible. But it is overcome by interposing a structure against
which the ice is crushed, and then its motion is so impeded that it grounds on
the shoal, on which there is but 7 feet of water,and forms a barrier against
other ice-fields. The tower is in shape the frustum of a cone, 32 feet in
diameter at the base, and 18 feet at the spring of the cornice, 80 feet above
the base. The cornice is 6 aud the parapet 7 feet high. The focal plane
is 4 feet 3 inches above the top of the parapet. The entire height of the
masonry above the base is 93 feet, and of the focal plane 97 feet 3 inches;
the base is 11 feet below, and the focal plane 86 feet 3 inches above the
water. For the first 34 feet the tower is solid, from thence it is hollow, and
in it are 5 rooms one above the other, each 14 feet in diameter, with dif-
ferent heights, from 9 feet 2 inches to 7 feet 8 inches. The walls of the
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hollow portion are 5 feet 6 inches at the bottom, and taper to 18 inches at
the spring of the cornice. The interior is lined with a 4-inch brick wall,
between which and the masonry is a 2-inch air space.

The blocks of stone below the cornice are all 2 feet thick. Those of
the solid portion of the tower were cat to form a lock on each other in
each course and the courses are fastened tigether with wrought-iron bolts
2} inches thick and 2 feet long, while the lower course is bolted to the
foundation-rock with bolts 3 feet long, which enter the bed-rock 21 inches,
the other courses receiving the holts for 9 inches. Each bolt is wedged at
both ends, and the bolt-holes, which were made with the diamond drill after
the stones were in place, are plugged with Portland cement, which is
now as hard as the stone itself. Hence the tower is in effect a monolith.
The stones were cut, as were those of Minot’s Ledge, at the depot and
fitted course by course on a platform of masoury, and the work was so well
done there that a course could be, under favorable circumstances, set,
drilled, and bolted in three days. The main difficulty, however, lay, as
in Minot’s Ledge tower, in the preparation of the foundation. This was
overcome by a pier of protection inclosing a coffer-dam. The pier was a
crib-work of 12-inch timbers built upon ways at the depot, as a sgip might
have been, when it was launched, and towed by a number of steamers to
the reef and grounded on its site. It was of wood, 92 feet sauare and
24 feet high, having a space within 48 feet square, and was divided into
compartments, which were ballasted to make it firm. Thus a protected
pond was formed for the coffer-dam, designed by Gen. W. F. Raynolds,
of the U. S. Engineers, and a landing wharf was afforded for material, as
well as for the reception of quarters for the men, all 12 feet above water,
and out of reach of ordinary waves.

The coffer-dam was 36 feet across, and cylindrical in form. It was
made of jointed staves 14 feet long, 4 inches thick,and 6 inches wide, held
in place by three iron hoops, like a tub, and braced and stayed inside
against a center post, the axiz nf which coincided with the axis of the
cylindrical coffer. It was buiiv at the surface of the water, and suspended
exactly over the site of the tower. A loosely-twisted inch and a half rope
of gakum was tacked to the lower end of the staves,and then the cylinder
was lowered to the bed-rock, which had such irregularities on its surface
that some of them were 3 feet high. All these were compensated by driv-
ing the jointed staves home, with a heavy top-maul, the oakum rope serv-
ing as calking; and this was made approximatively water-tight by an
ingenious arrangement of a loosely-twisted 4-inch hay-rope and a canvas
flap, which was attached in part to the outside of the lower edge of the
cylinder, and which lay in part flat on the rock, and which was forced
into the angle by the outside pressure when the pumps commenced lower-
ing the water in the dam. The work was commenced in May, 1870, and
the light was first exhibited from the finished structure in June, 1874 ;
but the available working time spent on this light-house was but about
twenty months. This tower, which cost, including the steamer and appli-
ances of all kinds, about $375,000, is our best specimen of monolithic stone
masonry. It was planned and built by Gen. O. M. Poe, he who was
General Sherman’s chief engineer in his march to the sen. Its strength
has been thoroughly tested by the ice push already. When the keepers
returned to the tower on the 15th of May, 1874, tgey found the ice piled
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against it to a height of 30 feet, which is 7 feet higher than the doorway,
and they could not effect an entrance to the tower until they had cut through
the iceberg, of which the light-house formed the core.

"STANNARD’S ROCK LIGHT-HOUSE, LAKE SUPERIOR.

The Board has since built a similar structure in Lake Superior on Stan-
nard’s Rock, 28 miles from shore, for which the steamer and the plant used
in erecting the light on Spectacle Reef were used. It is 101} feet in height,
and cost about $300,000. It shows a flashing white light of the second
order, visible about 18 miles.

TILLAMOOK ROCK LIGHT-HOUSE, OREGON.

Tillamook Rock light-house, Oregon, is placed on an isolated basalt
rock high ont of water, about 1 mile from the main-land, in 15 fathoms of
water, and about 20 miles south of the mouth of Columbia River. It
is divided above low water into two unequal parts by a wide fissure with
vertical sides running east and west, standing 100 feet above the sea, with
a crest capable of such reduction as to accommodate a structure not larger
than 50 feet square. A landing could with difficulty be made on the side
next the shore during a smooth sea. The rugged character of the head-
land, the tendency of the sea face to land-slides, and the great distance from
Astoria, the nearest supply-point, made the execution of the work a task
of labor, difficulty, danger, and expense. The drowning of the foreman
on the day of the landing of the first working party tended to confirm the
prejudices of the local public against the enterprise, and to increase the
difficplty of obtaining the services of skilled workmen. On October 21,
1879, however, four workmen, with hammers, drills, bolts, provisions, fuel,
a stove,and some canvas to protect them and their supplies from the weather,
were landed, and a few days later five more men and a small derrick were
got to the rock, from which time the commencement of the work may be
dated. For the first nine days after reaching the rock the nine quarrymen
had no shelter from the rain and spray, except that of the canvas lashed
to ringbolts. But during this time they cut a shallow niche in the north
and east sides, in which they set up a strong timber shanty, which they
bolted to the rock, covered with canvas, and secured to ringbolts. From
this they secured safety, but got little comfort.

After setting up the main derrick and cutting a pathway up the face of
the rock, they opened a bench around it by suspending the workmen on
staging supported by bolts let into the rock’s crest. The bench once
formed, the reduction was pushed to the center. The outer surface of the
rock was easily removed with moderate charges of black powder, but the
nucleus was hard and firm, and giant powder was necessary to open the
mass, when large charges of black powder acted satisfactorily. The work-
ing party, in spite o%eiheir rude, uncomfortable quarters, worked dili-
gently through the winter with good results. But the work was much
delayed by spells of weather so bad that little could be done. The coast
was visited by a tornado in January, which caused the waves, reflected
from the rock, to be carried by the wind over its crest, so that for many
days continuously the receding floods poured over the eastern slope, mak-
ing work impossible. On one such day this cataract carried away the
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-house, and even endangered the quarters of the working party.
sre than two weeks at this time it was impossible for the steam-
which supplied their wants to cross the bar at the mouth of the
1bia River to go to their assistance; when, after sixteen days, com-
ation was reopened, the party was found to be safe, but much in
of fresh provisions. These were supplied by an endless line running
sen the mast of the supply-vessel and a ringbolt driven into the top
e rock, in water-tight casks suspended by slings from a traveler,
4 was made to move along the line.
3 May the top of the rock was leveled and a foundation made about
leet above the sea, and, on the 31st, three masons, four derricks, a small
dne, and the appliances for laying the masonry, were landed. The
ne, a fine grained, compact basalt, quarried near Portland and cut to
aensions by contract, was delivered at Astoria and shipped to the rock
the tender. The first cargo was landed on June 17; on the 22d the
rner-stone was laid, and then the rest of the material was shipped to the
ik as the weather permitted.
'The building is a square one-story keeper’s dwelling, with a rectangular
gtension for the duplicate siren fog-signal apparatus. In the center of
he keeper’s dwelling rises the tower, which is crowned by a gallery and
t lantern containing a first-order lens apparatus. The material used is
stone, cut to dimensions on the shore, for the outer walls, and brick, iron,
and wood for the interior. The light is 48 feet above the base of the
tower and 136 feet above mean sea-level. It was shown f6r the first time
on February 1, 1881. If it had been finished a month earlier it would
possibly have saved the English iron bark Lupata, of 1,039 tons burden,
which was dashed to pieces on the main shore, not a mile from the light-
house, with a loss of the vessel, its freight, and every one of the twenty
persons on board. The bark came so near the rock that the creaking of
the blocks and the voices of the officers giving orders were distinctly
heard, but the night was so dark that nothing could be seen except her
lights. The superintendent of construction had a bon-fire built on the
rock as soon as possible, but the vessel was probably lost before the signal
could he seen. It was on this night that the working-party lost their
supply-house and came so near losing their quarters, if not their lives.

LIGHT-HOUSES ON TUBULAR FOUNDATIONS.

SOUTHWEST LEDGE.

Southwest Ledge light-house is built on a rock in Long Island Sound,
at the mouth of the harbor of New Haven, Conn., about a mile from the
land. The surface of the ledge is made to approximate a level by a layer
of concrete at least 4 feet thick. Two courses of masonry, each 18 inches
thick, are laid on the concrete. The upper surface of the masonry is 4
feet below mean low water, 10 feet below mean high water, and 11 feet
3 inches below extreme high water. The foundation cylinder rests di-
rectly on the masonry. It is composed of cast-iron plates, 6 feet high, 4
feet wide, and 2 inches thick, with a curve of 15 degrees; and they are
bolted together, This cylinder is 24 feet in diameter, and about 30 feet
hiazb. The top of its gallery is a fraction over 18 feet above extreme high
tide.
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It is filled in solid with concrete to the top. An enrockment of abus
3,000 tons of large granite blocks surrounds the pier. The tubular foon-
dation is surmounted by an irregular octagonal house and tower, froe
which is shown a fourth-order fixed white light, 57 feet abowve the level
of the sea. On January 1, 1878, it was lighted for the first time.

The peculiarity of this structure is that, being round, it offers slight ob-
struction to floating ice, and that it is a monolith of artificial stone, sur-
rounded by a veneering of iron sufficient to retain it in place until the
concrete filling gained the requisite hardness by age. This was the first
of a number of the kind; and its stability was thoroughly tested in the
hurricane of September last. :

LIGHT-HOUSES ON SUBMARINE STONE FOUNDATIONSS.

RACE ROCK.

Race Rock light-house, in Long Island Sound, 8 miles from New
London, Conn., was built under great difficulties. It is off Iishers
Island Souud, at the mouth of the Race, where the waters of the sound
rush both ways, according to the tide, with great velucity and force, and
where in heavy weather the waves run high and with great power-.

The ledge on which the light-house is built is under water. It has one
large and several smaller spurs of rock rising above the general surface.
The least depth at mean low water on the principal spur, or Race Rock
proper, is 3 feet. The greatest depth at mean low water within the circle
of 69 feet is 13 feet. 4 .

The ledge was, with the help of divers, made approximately level with
small broken stone and riprap. Upon this is placed a circular-stepped
mass of concrete, 9 feet thick, built in 4 concentric layers. The lower
layer is 69 feet in diameter and 3 feet thick. To form the layers of con-
crete, cylindrical bands of half-inch iron, of the height and diameter re-
quired for the respective layers, were used. The upper surface of the
concrete, 8 inches above mean low water, carries a conical pier, 30 feet
high, 57 feet in diameter at the base, and crowned by a projecting coping
56 feet in diameter. The pier is made of heavy masonry backed with
concrete, in which cisterns and cellars are formed.

The pier is surmounted by a granite dwelling one story and a half high.
From the center of its front the granite light-tower ascends. A landing-
pier, 53 feet long and 25 feet wide, built of heavy masonry, gives access
to the light-house. The whole structure is surrounded and protected by
riprap. The tower, which is square at the base and octagonal at the top,
carried a fourth-order flashing light, which is 68} feet above the sea-level.
This work, which was commenced in 1872, was finished in 1878, and
lighted for the first time on the night of January 1, 1879.

PENFIELD REEF.

Penfield Reef light-house stands on the reef of that name about 2
miles from land, in Long Island Sound, off the harbor of Bridgeport, Conn.
It was built in 1872’73, on a riprap foundation 108 feet in diameter at the
base, and extending up to low-water mark. A pier was built on this of
cut stone, in nine courses. It is 484 feet in diameter at the base, by 464
feet at the top, and it is 18 feet high. It is surmounted by a granite
dwelling and tower, from which is shown a flashing red light at an ele- .
vation of 54 feet above the sea-level.
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DETROIT RIVER LIGHT-HOUSE, MICHIGAN.

This structure stands in 22 feet of water, on a wooden crib filled with
concrete, on which is placed a pier of stone masonry. The crib was built
on shore, of heavy timbers, with a tight bottom, and was launched like a
ship. It is 90 feet long, 45 feet wide, and 18 feet high, and when filled
with concrete and sunk to its bearings itstop was 4 feet below high water.
The pier of cut stone was erected on the crib, and on the pier the cast-
iron conical light-tower was built, which was surmounted by a 4th-order
lantern. The main feature in this work was its wooden crib and its suc-
cessful placing. Its settlement was quite uneven at first, it being 16
inches out of level, so it was loaded with stone, the greater part being on
the high side, and so left during the winter. In the spring the pier was
level, and has so remained.

LIGHT-HOUSES BUILT UPON A CAISSON FOUNDATION.

The Light-House Board had long been contemplating the approaching
need of building light-houses on shoals distant from laud, in the open ocean.
Tentative plans had been made for use at various sites, but no practical action
was taken, when Congress made an appropriation of $175,000 for the erec-
tion of a light-house on Fourteen-Foot Bank, which is some 20 miles from
the nearest harbor, between the Capes of the Delaware. The time came to
put into practical operation the plans which had before only existed in theory.
Mean-time the Germans were engaged in making plans fora similar work
in the North Sea,at the mouth of the Weser River, and at about the same
distance fromland. And the Light-House Board, after a careful study of
those plans, determined to build Fourteen-Foot Bank light-house upon
the same lines, but from special plans made to fit the particular case. It
will be well, therefore, to give some account of the building of the Rother-
sand light-house.

THE ROTHERSAND LIGHT-TOWER AT THE MOUTH OF THE WESER RIVER,
GERMANY, IN THE NORTH SEA.

Bids for doing the work were called for in September, 1880, and the
contract was given to the lowest bidders, a new company, which took the
job for $112,500, while the next highest bid, that of the Harkoort Com-
pany, an established firm of large experience, full equipment, and im-
mense capital, was for about $35,000 more.

The tower was to be built on a sandy bottom 38 feet below the water-
level. to be 93 feet above low water, and to be strong enongh to resist
heavy seas and floating ice, and it was to be filled with concrete 13 feet 6
inches above the low-water line. By August 4, 1881, it had been sunk
44 feet into the sand, bringing it 70 feet below low-water mark, a greater
depth than was originally contemplated. But while the work was going
on, the height of the cylinder and the quantity of concrete filling was
but slightly increased, and little was done to protect the caisson from the
approaching storms. The concrete filling had only been brought up to
the top of the shoal. So the hollow iron cvlinder stood unprotected against
the combined action of the wind and the sea, except by its insnfhcient
timber bracing.
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The contractors were warned of these defects and deficiencies, but did
not remedy them, preferring to continue the sinking of the caisson, as ac-
cording to agreement they could draw money by partial payments, the
amounts being proportioned to the distance the cutting edge penetrated
the sand.

On October 9, 1881, so heavy a storm prevailed that the waves ran
over the top of the iron cylinder, which was but 8 feet above the water
at high tide, and about noon the cylinder disappeared from sight. Ex-
amination made in fair weather by divers showed that the cylinder had
been broken off 7 feet above the bottom of the sea.

The low price at which the contract was taken was the principal cause
of its failure. The contractors were compelled to save in the construction
of details, which should have been executed in the best manner, and were
forced to neglect important preparations for which they had failed to es-
timate. .

The expenditure on this abortive attempt to build a light-house on
Rothersand was $95,500 up to the date of the disaster.

The authorities were not daunted by this failure. The next March the
contract was given to the Harkoort Company, at their own price, a fair
one by the way, to build the light-house on the Rothersand. The total
price for the complete structure, ready for occupancy, not including the illu-
minating apparatus, was $216,750. The contract was signed on September
21, 1882, and on {)ctober 23, 1885, the tower was accepted by the Gov-
ernment.

Rothereand Light Howuse ine.

FOURTEEN-FOOT BANK LIGHT-HOUSE.

This light-house was built in the following manner:

First they built a caisson of timbers each a foot square. This was in
effect a raft nearly 40 feet square, 5 feet thick, with a rim 7 feet deep,
forming the cutting edge, of which much will be said. This caisson then
was like a tin pan upside down, and the space between the rim, the bottom
of the raft, antf the sand was 7 feet high, and nearly 40 feet square in area,
and constituted the working chamber underneath the caisson. This cais-
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son was lined and filled in between joints with mineral pitch, and the
whole.thing was sheathed, so it was in effect water-tight. Through the
center ran a 5-foot air-shaft, giving access to the working chamber below.
This caisson was built on ways, the bottom of the working chamber was
temporarily floored over, and it was launched like a ship.

On this caisson a 35-foot iron cylinder was built up ;rom 13-inch iron
plates, which were 6 feet high. When three courses of plates were in
position thev made a cylinder 18 feet high. Then a 9-inch layer of con-
crete was dumped in as ballast, and the structure was towed to its site.
Its displacement was about 400 tons, and its draught was 15} feet.

The site at Fourteen-Foot Bank, was 20 miles away from Lewes, Del.,
the point of departure. There was a 6-foot rise and fall of tide, of which
all possible advantage was taken. It took two steam-tugs six hours to
tow this structure out there.

When the caisson was sunk to the surface of the shoal, the top of the
cylinder was but 16 inches above the water, and two additional series of
iron plates were at once put in place, bringing the top about 20 feet above
the sea-level. The sinking was done by letting water in, which brought
it down and made it touch bottom.

It did not, owing to the scour of the currents, strike the bottom on a
level. The cutting edge of the caisson did not rest upon the shoal for a
considerable part of its length, and at times the cylinder was 12 degrees
out of the vertical. Hence there was some danger that it would upset.
Then were brought to bear all the skill, experience, and appliances at the
command of the contractors. It was the pivotal point of the enterprise.
A little less skill, a trifle less power, a sligﬁt lack of experience, a failure
in that self-possession which is born of previous success, and the enterprise
would have ended in disaster. As it was, broken stone provided for mak-
ing concrete, which was on hand ahead of time, was loaded in ou the up-

r side, and thus the structure was brought down all around to the sand.

hen a hole was cut in the air-chamber so that the water ballast within
rose and fell with the tide, and the structure could not be lifted by the tide ;
the cutting edges penetrated the sand and took such hold on the shoal that
the structure was steadied, and after that all else was a question of detail.

The cylinder when finished was 35 feet in diameter and 73 feet high.
At low tide it stood 30 feet out of water and penetrated into the shoal
nearly half its length. It was filled in solid with concrete some 40 feet
above the caisson, except as to the space occupied by the air-chamber,
which was filled with sand, and thus the cylinder became a monolith with
a veneer of iron an inch and a half thick. To give it greater stability
and to prevent possibility of scour from currents, some 6,000 tons of rip-
rap stone were placed around the structure.

As soon as practicable, air was forced into the working chamber and
three gangs of men were engaged in it on eight-hour shifts, so the work
was carried on continuously at the bottom of the sea throughout the twenty-
four hours. They dug the sand out from under the structure, when it
was blown through a 4-inch pipe to the top and thence over into the
ocean. In this way the structure was sunk into the sand at the rate of
from 1 to 2 feet per day until it had penetrated to the required depth,
about 33} feet below the original surface of the shoal.

The cutting edge was then tightly under-rammed, the working chamber
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and air-shaft were completely packed with sand, and the latter was sealed
with concrete at a level of about 33} feet above the caisson roof.. The
cylinder was filled with concrete to a point about 10 feet below its top,
and on this the arches were sFrung, on which the superstructure was
erected, commencing with the cellar story.

The appropriations for Fourteen-Foot Bank light-house were $175,000.
Its entire cost, including everything, was but $123,811.45, and the bal-
ance, more than $50,000, was returned to the Treasury. The structure
was finished and lighted in the fall of 1887.

OUTER DIAMOND SHOAL LIGHT-HOUSE, OFF CAPE HATTERAS, NORTH
CAROLINA.

The United States Congress at its last session authorized the Light-
House Board to erect a light-house at this point and placed $500,000 at
its disposal for this purpose. The shoal is about 73 miles from the pitch
of the Cape, in the open ocean, and considering the currents, the distance
from a harbor, and the terrible storms so frequently met there it is the
most serious and difficult work ever attempted. The Light-House Board
is preparing to do the work on the lines of that done at Fourteen-Foot

nk.

The following is an extract from an appendix to its last Annual Re-
port, in which the subject is fully treated:

It is proposed to build the Hattoras Shoal light-house much in the same way that
the Fourteen-Foot Bank light-house waa built. If it is, it will be an iron cylinder
resting on a caisson; it will be filled with concrete, and it will be sunk into the sand
of the shoal for about half its length. The Government will then furnish the cylinder
plates. The contractor will build his caisson, put up three or more courses of the
cylinder on it, tloat it to its site, sink it to its place, and build it up and sink it down
simultaneously, as was done at Fourteen-KFoot Bank, furnishing all the appliances and
labor, and will have no pay if he is not successful. But this work is to be vastly
more difficult and dangerous than the other. That was towed 20 miles through an
open sea with no obstruction but the weather. This will be taken over a Lar on
which at high tide there is but 8 feet water, and past shoals on either hand, through
broken water, across rapid currents and at a point where the wind is quite variable.
The chances of success are not as good as at Fourteen-Foot Bank, and the danger to
life as well as to the property used is vastly greater. The pivotal point on which
success turned in the Fourteen-Foot Bank case was small. In this case it will be
still smaller. In that case great skill, foresight, and experience were nsed. They had
pleutifal appliances, large capital, and they were favored by good weather. And yet
they were barely successful. In this case all these should be had in au increased de-
gree to insure success.

In addition to all the danger of propeily setting tbe structure that was met in that
case, there is in this case a still greater danger. The caisson, which will draw from
15 to 2C feet, must be lifted over an 8-foot bar by camels, pontons, or some such ap-
pliances, and they must be of a kind that can Le dispensed with on gaining the open
water. This is entirely within the scope of modern warine engineering, but it re-
quires great skill and the use of the best appliances. :

It is stated in this appendix that two well-known firms of great expe-
rience, large and varied plant, and heavy capital, offer to contract to do
the work in twelve months for the amount appropriated, under heavy
bonds, and to receive no payment until the light-house is finished, tested,
and accepted by the Government. The working plans for the structure
are now under consideration.
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CuarrER V.

LIGHT-VESSELS.

The purpose of a light-ship is to do the work of a light-house in a place
where one is necessary, but where it has not been erected because of the
great difficulty, not to say expense, of such a structure. But the light-
ship should have the permanency and efficiency of a light-house, and
should give as good a light in clear weather and sound as far-reaching a
fog-signal in thick. To insure permanency of position is a matter of great
diﬁiculty. When moorings have been made too heavy to drag, chains
have broken ; when they have held, mooring-bitts have been torn out;
when they have held, the ship has foundered at her anchors, or the cable
has been slipped, and the ship has sought a harbor or goune to sea for
safety. But under the present rules of the Light-House Board rigid in-
Sﬁtion is frequeutly made of the riding-gear of the light-ships, and the
absence of a light-ship from her moorings is now quite unusual.

The Board has thirty-two light-ships of various sizes on duty in the
service. The smaller, slighter-built, and older vessels are moored in
sounds and bays. The larger, stronger, and later-built are anchored in
the open ocean. Among the latter is that on New South Shoals,some 21
miles at sea, the nearest land being Nantucket Island ; Pollock Rip light-
ship, moored at the eastern entrance to Nantucket Sound ; another is
moored at the western entrance to Vineyard Sound ; another at Sandy
Hook entrance to New York Bay ; two off the mouth of Delaware Bay ;
another on Winter Quarter Shoal, off the coast of Virginia; another off
the entrance to Chesapeake Bay, Virginia; another on Frying-Pan Shoal,
off the mouth of Cape Fear River, North Carolina; another on Rattle-
snake Shoal, off the entrance to Charleston, S. C.; another off Martin’s
Industry Shoal, at the entrance to Port Royal, S. C.; and another on Trinity
Shoal, off the coast of Louisiana. Several light-ships have fog-signals
which are in effect locomotive steam-whistles of great size and power.
The Board is now building at a cost of about $60,000 each, three light-
vessels, one is to be placed on Great Round Shoal, in the open ocean off
Nantucket; another is to be placed on Bush’s Bluff Shoal, Hampton
Roads, Va.; and the third.is to be located off the bar of the Columbia
River, in the Pacific Ocean. These vessels are each to have steel frames,
will be sheathed with wood, and will have all the modern improvements,
including 12-inch steam fog-signals. They are intended to be the most
powerful and complete light-vessels ever built.

Each light-ship shows either one or two lights. Each light is com-
posed of eight renectors, each 12 inches in diameter, set upon a ring which
encircles the mast, and can be lighted and hoisted to the mast-head by night,
and lowered and housed by day. These reflectors areillumined by akind
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of argand lamp, in which the sperm oil formerly burned was succeeded by
lard oil, and that is now superseded by mineral oil, burned in alamp spe-
cially adapted to the purpose. The lighting apparatus is inclosed in a
lantern, with large panes of glass which protect the light from the wind.

The light-ship shown in the accompanying plate is that upon Pollock
Rip Shoal. It was built in 1877, is about 120 feet long, nearly 27 feet
beam, 12 feet 5inches hold, and is of 410 tons burden. She is schooner-
rigged, with a lighting apparatus upon each mast supplied with eight
burners and reflectors. It has been found so difficult to keep this vessel
from dragging her anchors that she is now fitted with as heavy moorings
as she would be if she were a frigate. In spite of her brilliant lights and
her powerful fog-signal she has been repeatedly run into by passing vessels
and more or less damaged, as have most of the other light-ships in the
service. She has a master, a mate, two engineers, and a crew of six men.
Her cost was $50,000,and it requires about $5,000 a year to maintain her
exclusive of repairs—a larger sum than is needed for smaller ships, or for
those without fog-signals.

It is estimated, however, that it costs $8,000 per year to maintain and
keep in repair each of the first-class light-ships in the service, and this is
urged as a reason for replacing them as fast as possible with light-houses.

Certain of the British light-ships show revolving lights, some of which
are red. Each ship has four or eight reflector-lights in a lantern to pro-
duce a fixed light. When a revolving light is required a number of tﬂese
reflectors are fixed to the side of a triangular or quadrangular frame, and
the whole is caused to revolve around the mast in regular periods by
clock-work. The reflectors on each side of the revolving frame, from four
to eight in number, are thus successively directed to every point of the
horizon. The combined result of their rays is to form a flash of greater
or less duration, according to the rapidity of their revolution.

The apparatus on board the Shambles light-vessel is composed of eight
21-inch reflectors, with double-wick Trinity House Douglass argand
mineral-oil lamps, six being arranged in one group for the long flash, and
two for the short flash. The maximum intensity of each flash is, approx-
if!m}bely, 11,000 candles, and the duration of the flashes and eclipses is as

ollows:

Seconds

Long flash ..o iimer i teeeiccececaccceccecccnccecacans 5

Eclip86 «ocvnetiiieiencerceeiiieianeiceccanccncanncoaannns 6
Short flash....c.vomeiimt it ceeeccccicaccatacan 14
Eclipse . ..ccoeninieiniiinriieiicectiecnccecccnacocsconecans 17¢

Total ...oeetieii e iiieer i cietecnae e scaeans 30

The Light-House Board of the United States has not thus far found it
necessary to use revolving lights on its light-ships, but it is experiment-
ing in that direction. Its theory is that light-ships should, as rapidly as
possible, be replaced by light-houses.

TENDERS.

The Board has a fleet of twenty-eight steamers and two schooners, rang-
ing from 18 to 550 tons burden. It is the business of some of these
steamers to attend to the buoyage of the coast, replacing the buoys which
have gone adrift, exchanging every buoy for a fresh one once a year, and
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placing new buoys. They are also used to supply the light-houses with
provisions, fuel, and minor supplies, and on them the inspectors visit the
light-stations to make their regular quarterly inspections and to pay the
keepers. Certain of the tenders are used for construction purposes, freight-
ing building material to light-house sites, and conveying building and re-
pairing parties from station to station. Twenty-two of these vessels are
employed on the Atlantic and Gulf coasts, three on the lakes, three on the
western rivers,and two on the Pacific coast. Twenty-two of these vessels
have been built for light-house purposes since 1870, and are in tolerable
condition. Five of the steamers and one of the schooners are poorly
adapted for the service, quite old, and are only kept on duty until they can
be replaced by others. The Board is now building two steel screw steam-
ers, one for the New England coast to cost about $80,000, and the other for
the Great Lakes to cost about $85,000. The latter, called the Marigold,is
to be 150 feet long 27 feet beam, is to draw 10 feet 3 inches aft,and 9 feet 3
inches forward, when loaded, and to run 11 kunots an hour. She is to
have triple expansion engines, two cylindrical tubular boilers, to carry 150
pounds pressure of steam. She is also {0 have eight water-tight compart-
ments with a trimming tank forward. The tender intended for the New
England coast is to be a similar steamer in many respects. Of those now
in use three are under 100 tons burden, two are between 100 and 200,
nine between 200 and 300, ten between 300 and 400, five between 400
and 500, and one between 500 and 600.

The Board’s largest steamer, the Fern, is used to supply the light-sta-
tions on the Atlantic and Gulf of Mexico coast with illuminants, visiting
each station that is accessible yearly for that purpose. The others are
supplied by the district tenders. This work has outgrown the capacity of
the Fern. The steel steamer Armeria, now on the stocks, is to take her
place, when the Fern will again be used as a district tender, the purpose
for which she was originally built. The Armeria is 201 feet 8 inches
long, 34 feet 9 inches beam, and 16 feet deep. She is to have twin screws
and a speed of 12 knots. She is designed with an inside keel to lessen
her draught and to strengthen her throughout. Her cngines will be of
the compound type, independent of each other, of 1,250 indicated horse-
power. Her boilers will be the Scotch cylindrical, and designed for high
pressure. It is expected that she will be ready for use before the close
of the present year.

The steam-tender Manzanita, which is represented in the accompanying
plate, was built in Baltimore in 1878-79, and was sent through the Straits
of Magellan to the Pacific coast, where, by reason of her size and power,
she is used for inspection, supply, and construction purposes. Her length
is 152 feet, beam 26 feet, and hold nearly 12 feet. ghe is a screw steamer,
schooner-rigged, built of wood, and cost, when equipped, about $60,000.
She has a derrick attached to her foremast, operated by a hoisting-engine
which takes its steam from her boiler. She is manned by a captain, mate,
two engineers, and twenty-one others. The Manzanita may be considered
as typical of the tenders of the future, rather than of the past or present,
as she is one of the best in the service.



CuaprTER VI

BUOYS.

The buoy is to the seaman by day what the light is at night, and what
the fog-signal is in thick weather. It tells him by its size, form, color,
and number how to avoid the rocks and shoals, and shows the way in and
out of harbor.

The growth of the buoy service may be measured by its cost, which was,
for the five years preceding the organization of the Board, in 1852, about
$75,000 per year, and for the five years after about $82, 000 per year.

In 1842 the Light-House Board had nearly 1,000 buoys in position ; in
1858 it had 1,034; in 1860 it had 1,738 ; during the war of the Rebellion
it lost those on the Southern coasts, but in 1867 it bad so far replaced and
added to them that it had 2.044; in 1875 it had 3,002 ; and on June 30,
1889, it had 4,309 buoys in the waters of the several districts. An ap-
propriation of §325,000 was made for maintaining the buoyage of the
United States coasts during the year ending June 30, 1889.

The buoy service has its own code of laws, State and national, a flect of
small steamers for its maintenance, besides a corps of contractors to attend
to the buoyage of coves and inlets impracticable to the tenders. It has
its depots for the storage of iron buoys, where they are painted and num-
bered, or repaired, and also where wooden buoys are made ready for serv-
ice. It has its own directory printed yearly, in 13 volumes, distributed
gratuitously for the benefit of commerce, in which each one of the more
than 4,300 buoys is mentioned by name, located by station, and is de-
scribed by size, shape, color, number, and vicinity. The problems con-
nected with its improvement, as well as its maintenance, are considered as
of grave importance, and are made the subject of deep consideration by
the best scientific aid at the disposition of the Light-House Board.

Buoys are of wood or iron. The wooden buoys now in use are sticks
from 12 to 60 feet long, of pine or spruce, but preferably of cedar. The
Board frequently contracts for the delivery at one of its depots of a cargo
of logs, in the rough, at from $10 to £15 each, where they are freed of
their bark, smoothed of their protruding knots, painted to the pattern re-

urred to tell their allotted story, fitted at the rarger end with an iron
qlee\e to which the stone or iron anchor can be attached by a mooring-
chain, when they are packed in classes or sizes on skids to season, and
ﬁually to take their tour of duty in the water to replace others which are
to rest a while on shore, be freed from acquired barnacles, take on a fresh
suit of ({)amt and, by drymg, recover their buoyancy. Spar-buoys are
classified first by ]eugth and thickness, and then by acquired color; but
they are interchangeable within these conditions. The fo]lowmg cuts
represent the buoys and their appendages.
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Iron buoys are hollow, with air-tight compartments, and are made of
three shapes, called nun, can, and ice buoys. The nuu-buoy is almost
conical in form; the can-buoy is in shape the frustum of a cone, nearly
approaching a cylinder, and the ice-buoy is found much like a spar-buoy,
of great length, slight thickness, and of largest diameter near its middle.
Each shape is classified by size, and diversified by color and number,
They were once made of wooden staves, like barrels, but their rapid de-
struction by the Teredo navalis caused the substitution of boiler-iron. The
cost of these buoys varies with the price of iron and the cost of labor.
The Board’s last contract for buoys, with all their attachments, except
mooring-chains, was made at the following rates:

For first-class can-buoys, 6 feet across, and 9 feet 6 inches high..........,.. $150.00
For second-class can-buoys, 4 feet 4 inches across, and 7 feet high . X{)
For third-class can-buoys, 3 feet 2 inches across, and 4 feet 10 inches high... 41.81

Congress prescribed by act of September 28, 1850, that red buoys, with
even numbers, be placed on the right-hand side, and black buoys, with odd
numbers, on the left-hand side of channels approached from seaward ; that
buoys placed on wrecks or other obstructions, having a chaunel on
each side, be painted with red and black horizontal stripes; that those
buoys placed in mid-channel, and which indicate that they must be passed
close-to to avoid danger, be painted with white and black perpendicular
stripes; and, finally, that perches, with balls, cages, etc., when placed on
buoys, will indicate a turning-point, the color and number of the buoy
showing the side on which they are to be passed.

Buoys are exposed to many dangers, not the least of which is that of
being run down aud ripped open by passing steamers. As the iron buoys
are made with compartments, they are rarely sunk, but their line of
floatation is often lowered, and their usefulness accordingly decreased.
Spar-buoys frequently lose a portion of their length, which is cut off by
strokes of colliding propeller-blades. Despite State and national statutes
forbidding it, vessels will sometimes make fast to buoys, thus gradually
dragging them off their bearings. A buoy has sometimes been set adrin
that a reward might be obtained for its recovery; but this is not a profit-
able operation, as the reward paid is varied with the circumstances of
each case.

The buoys’ worst enemy, however, is ice, when moving in mass, and
with a tide or current. A’ well-made, well-moored buoy, at the mouth of
a narrow river can create an ice-gorge ; but usually, when the ice moves
in force, the buoys met have their mooring-loops torn out, their mooring-
chains broken, or their mooring-anchors weighed ; and in each case the
buoys are carried out to sea, when the buoy-tenders give chase, and, if suc-
cessful in their capture, return them to position. The sea-going qualities
of the large iron buoys are shown by their volunteer voyages. Oue is
now anchored off the coast of Ireland, where it was picked up, about six
weeks after it had been wrenched from its place in KTew York Harbor,
and turned over to the Irish light-house establishment, by which it was re-
ported to the United States Light-House Board, when it was presented to
the Irish Board, who simply added to its former marks their own, and
moored it near the point where it came ashore, in commemoration of ita

peculiar voyage.
The importance of keeping New York Harhor and Bay well marked
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has moved the Board to keep its iron buoys in position, notwithstand-
ing their danger during the winter, but with a spar-buoy beside each iron
buoy, as the ice that carries away the one passes over the other, and
allows it to resume its position, and indicate to passing vessels where the
iron buoy should be, and also to show the buoy tenders exactly where it
is to be replaced. New York Harbor was twice swept clean of iron buoys
during the winter of 1880-'81, and, though some of them were recovered,
the Board was put to large expense to replace those which were lost. Still,
it recognizes the fact that the loss of one steamer might cause a destruction
of property many times greater than the cost of the buoys, to say nothing
of the loss of life that the absence of buoys might occasion. The iron ice-
buoy is made of boiler iron, and is divided into compartments, so that any
one may be pierced without sinking the buoy. That of the first class costs
$275, is 50 feet long, and stands 22 feet out of water. That of the second
class costs $181, is 40 feet long, and stands 17 feet out of water. As with
wooden spar-buoys, the ice passes over them without carrying them away ;
but, unlike the wooden buoys, they break the propeller blades which strike
them instead of being broken, and thus, defending themselves, last many
times longer than spar-buoys, and, though costing more at first, are more
economical in the end.

For the purpose of obtaining a cheap and efficient ice-buoy, a first-class
spar-buoy was securely sheathed with heavy yellow metal over one-half
its circumference, from a point below the water-line to the head of the
buoy, and the buoy was attached to the sinker by a swivel. This buoy
was placed off Craven’s Shoal, Lower Bay, New York. There was very
little ice during the winter, so that the value of this sort of buoy could
not be satisfactorily determined. It is believed, however, that a spar-buoy
with sheathing will answer the purpose.

Experiments were made with wire rope for mooring the heavier iron
buoys, so far with every prospect of success. The action of automatic buoys
moored in this way is greatly improved, and the method is highly appre-
ciated on this coast where so many of them are moored in quite deep water.

The use of wire rope for moorings has made it possible to place buoys
in very deep water without immersing them so deeply that their efficienc
is in any way curtailed. Three-inch galvanized iron wire ropes are useg:
two for each buoy, one right-handed and one left-handed, with swivels
at each end, and the two ropes are securely seized together every 6 feet.
The lower swivel is not allowed to approach nearer the bottom than 18
feet, where from seven to ten fathoms of 2}-inch chain is shackled on to
take the chafe of the bottom. The remainder of the chain to the sinker
does not exceed 1} inch in size. About three fathoms of 1-inch chain is
shackled to the whistling buoy to take the chafe of the cylinder. The
double wire ropes weigh about 15 pounds to the fathom, aud 1-inch chain
weighs 63 pounds to the fathom, or as one to four, a great economy in
weight with no loss in strength.









CararTEr VII.

RIVER LIGHTS.

The commerce of the western rivers was mainly restricted to motion
by daylight, because of the difficulty in keeping steam-boats in the tortu-
ous channels and in avoiding the obstructions with which the channels
abound. There were in 1873-’74 on the Mississippi, Missouri, and Ohio
Rivers, 1,100 steam-boats, of 258,000 tons ; 832 licensed barges, of 179,000
tons, and coal barges and other craft of 750,000 tons, making a total of
about 1,200,000 tons. The total value of the cargoes carried by them was
estimated at $400,000,000 per year. The coal sent to market yearly by
the Ohio River alone amounted to 4,000,000 of tons. Hence, when those
interested in river commerce took vigorous measures, they had little diffi-
culty in procuring Congressional action. In 1874 an appropriation of
$50,000 was made for a survey of the Mississippi. Ohio, and Missouri
Rivers, and to establish on them temporary lights and buoys. The s:::
vey was made, a favorable report followed, and two light-house distric -
were duly established, one, the fourteenth, extending from Pittsburgh ..
Cairo, on the Ohio River, and the other, the fifteenth, comprising the Missis-
sippi and the Missouri Rivers. The boundaries of each have since been
increased and another district, the sixteenth, has been carved out of the
other two districts. A inspector and an engineer were appointed for each
district’; a steamer hastily fitted for the work was furnished to each
inspector, and they proceded to light up the rivers.

The navigation of these waters was of the most intricate character.
The crossings were numerous; and, at some, technically called “ blind
crossings,” where the banks show no diversity of outline and where the
channel is parrow, pilots were frequently delayed and could not always
avoid disaster. At many points, previous to the establishment of the lights
passage was never attempted on a dark night; but by means of the lights
the passages are made practicable at all times. The hidden obstructions
are numberless, and in many places barely leave room for the passage of
large steamers. There are many consecutive miles on these rivers where
the wrecks average more than one to the mile. Keepers for the river
lights are selected from among the people living on and owning property
along the river, and they have generally been found trustworthy and awake
to the demands of the service.

The fixed lights used are substantially made lens lanterns, which are
suspended from an arm projecting from a post, or placed on the post at an
elevation of from 8 to 10 feet from the ground. They are of most serv-
ice during low water, though they afford important aid at other times.
At points where the channel is made very narrow by permanent obstruc-
tions, and the passage dangerous, buoys have been placed as day marks, to
which floating lights are attached at night. From the testimonials re-
ceived from officers and managers of different steam-boat lines, boards of
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trade, and others interested in the navigation of those waters, these lights
and buoys appear to be a great benefit to river commerce.

In 1875 $100,000 was appropriated to maintain the lights on the
western rivers, $150,000 in 1876, $140,000 in 1877, the same in 1878,
but $130,000 in 1879, $140,000 again in 1880, and $150,000 was appro-
priated in 1881. There were on June 30, 1880, on the Ohio, Mississippi,
and Missouri Rivers, eight hundred and nineteen of these lights, each
having an average cost for its maintenance of $156.28 per year, and all of
them costing in the aggregate $128,000 for that year. The tonnage on
the western rivers,according to the Bureau of Navigation, was 305,082.86
on June 30, 1888.

On June 30, 1889, there were on the various rivers one thousand five
hundred and seventy-seven lights, and Congress that year made the fol-
lowing appropriation for the current fiscal year:

For establishing, supplying, and maintaining post-lighte ou the Hudson and East
Rivers.New York; the Raritan River, New Jersey; the Delaware River, between
Philadelphia and Bordentown, New Jersey ; Connecticat River, Connecticut ; the
Elk River, Maryland ; Cape Fear River, North Carolina ; Savannah River, Georgia;
8t. John's and Indian Rivers, Florida; at the tmouth of Red River, Lounisiana; at
Chicott Pass, and to mark navigable chanunel along Grand Lake, Louaisiana; on the
Mississippi, Missouri, Ohio, Tennessee, Illinoig, and Great Kanawha Rivers; on the
Columbia and Willamette Rivers, Oregon; Sacramento and San Joaquin Rivers,
California; aud on Paget Sound, Washington Sound, and adjacent waters, Washing-
ton Territory ; the Light-House Board being hereby authorized to lease the necessary
ground for all such lights and beacons as are for temporary use or are nsed to point out
changeable channels, and which in consequence can not be made permanent, $254,000.

The river light is treated as separate and distinct from other lights, is
put in a class by itself| as it is temporary as to its life and shifting as to its
place. It is to be found in most of the light-house districts, but it is
maintained from a separate fund, and it is governed in most respects by dif-
ferent regulations. But there are nearly twice as many of these as there are
ot the others, and they are destined to increase in greater proportion. It
is claimed, as cheaply as they are maintained, that they are doing an im-
mense deal of good. They meet a popular waut quickly and well, and
serve their purpose admirably.

The following is a statement of the rivers that are lighted, the length
that each is lighted, and the number of lights maintained on each river:

i Distance | Number

Rivers. | lighted. of lighta.
. Miles, '

Connecticut River,Connecticut ........cceecericeciicaroneceecacecnenccs aamann. 42 3
East RIVOr, NEW YOTK  ceueeunonoonsnnsiosnsssmsansossosssssans comeemoanann, ! 15 6
Hudson River, New York....ccomameiimaiiiiiiiciiiiriniceiitiee it iaeicecaasn. i 153 20
Delaware River, Pennsylvanin........cocomee i eiieeeenas 180 (]
Elk River, Maryland = ....i.iiiil cieeiiecenniierenesian cemecrsasasena., 9 2
Cape Fear River, North Carolina ....c...cciiareniioicciacacecinciarseicecrnnacca. i 23 22
Savannah River, Georgla. ... . .ooi i iiiiiiietccicireesiceiceetaanenan. ! 15 17
St. John's River, Florida .acusieeiiiniiiiiiinciiiiiiiiiareetcciccnriecctncanannn. 166 n
Red River, Louisiasna.......... G eeaseninnsnsserectiacnsrraecantanccn seranaatenans ! 91 [ ]
Chicot Pass and Grand Lake, Louisiang.....c.coieiaaenecinacniaceinvcnenscnnn-- feeeneennen , 5
Missisaippi River .........cc.ceceeveenns Ceeeeiiaceesiececiecsensiencacocenasanant 1,043 788
Misaourl River, Misgouri ..........coniieiiiriiiiiiietetincnccieccereanarannenn | 386 30
ORIO RIVOT .o oo euceneenanneeneansnraeanseannnesmsanannserasesnnsenne.ennnnsomns 968 | 452
Ranawhe River ....c..ooiuicnmt it e ianicaocecacncesacacaceasecacaocncannns 74 l 33
Tennco8es RivOr ..ccueceanececanenecacaocncrcacsorecacacsansscascecannceonnans 222 ! 36
Illinois River, IIlNOf8 ....ccceceeeccccaccuaceececs iacscincencaneceeancoaneoncaacns 226 | o
Columbia RIVEr, OTOZON. ... .ccuaeiienas ianeacceceererecnscsercesnscsssasosnonnnss 86 | 0
Willamette RIVOT, OTEZOD .ooe.oct.cceeecencceseaseneeanassvscasennannnnssnnens [ 10 9
Puget and Washington Sounds, Washington ... cceeeennrracneinneenannnson veneracenn | 30
{ e | e——— -

i 4477 1,877



Caarter VIII.

ILLUMINATING APPARATUS AND ILLUMINANTS.

The illuminating apparatus used by the Light-House Establishment
varies with the dates ofP its use. The beacon on Point Allerton, Massa-
chusetts, was illumined in 1673 by * fier bales of pitch and ocum ” [sic],
burned in open braziers. The light-house on Little Brewster Island, Bos-
ton Harbor, erected in 1715-’16, was first lighted by tallow candles. Then
followed the spider lamp, burned in the lantern as it might have been in
a window. In 1812 the Government bought of Mr. Winslow Lewis, for
$20,000, the patent for his “ magnifying and reflecting lantern.” Thisis
described as consisting of a lamp, a reflector, and what was called the
magnifier. The reflector was of a thin sheet of copper, commonly seg-
ments of a sphere, plated over with a slight film of silver, though the
copper was so thin that its compression between the arms of its iron sup-
ports materially altered its form, and its silvered concave surface had much
the grain and luster of tin-ware, and would reflect no distinct image.
The patentee of 1812 made no pretension to a knowledge of optics as
now understood, and his reflectors came about as near to a true paraboloid
as did a barber’s basin. The lamp, roughly constructed on the principle
of Argand’s fountain-lamp, burning from 30 to 40 gallons of oil per
year, had a three-quarter inch burner, and was attached to a circular iron
frame in front of the reflector. Before the lamp was a so-called lens, of
bottle-green glass, shaped like the bull’s-eye let into ship’s decks, from 2}
to 4 inches thick through the axis and 9 inches in diameter, which was
supposed to have some magnifying power. This apparatus was inclosed
in a massive wrought-iron lantern, glazed with panes 10 by 12 inches in
size. The effect of the whole was characterized by one of the reporting
inspectors as making a bad light worse. But its main merit seems to
have been that of economy, as the patentee, who had fitted thirty-four light-
houses with his apparatus, contracted in 1816 to maintain the lights on
receiving one half the oil previously consumed, and again, in 1821, for
one third of the old allowance.

This apparatus is spoken of more respectfully in a report to the House
of Representatives in 1842, made by its Committee on Commerce, from
which it appears that “ the improvement in the character of the light and the
economy In saving oil were subjects of high commendation by the Govern-
ment.” It also appears that the use of the magnifying bull’s-cye was grad-
ually done away with, so that but few remained in 1838, and the last one
was removed in 1840. The administration of the system was largely im-
proved. The reflectors were made on true optical principles, approximat-
ing, if not reaching, the paraboloid in form, were heavily silvered, and
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were properly placed. The heavy lantern frames were replaced by lighter
ones, the small panes of glass by large ones, and the ventilation or the
towers was so largely improved that obscuration by smoke was no longer
unpreventable. The system, largely improved, was retained, but its
administration was good only where it had faithful, intelligent, and honest
administrators. Finally, the reflectors were so well made and so well
placed that, in certain instances, it is now a question whether a better
light was possible than was then furnished. Some of the old reflectors
then used appear from recent examination to have an enormous candle-
power. But a poor light was the rule, and a good light the exception.
War was made on the system of reflectors, and when the Light-House
Establishment was turned over to the Light-House Board in 1852 the re-
flectors were replaced by the Fresnel lenticular apparatus, found so suc-
cessful in France and more or less throughout the world. The adoption
in this country of the lenticular apparatus made it possible for a light-
keeper of average capacity to keep a good light, and impossible for iim
to keep a bad one, unless by violation of plain rules and avoidance of
routine duties. Besides this, the saving in oil effected by use of the lenses
over reflectors was so great that the expense of exchanging the one for the
other was saved in a few years, although the first cost or the lenses was
quite large.

It was shown, in a repprt made to Congress in 1858, that the mean
average cost of each light-house for the five and a quarter years preceding
the organization of the Light-House Board, was $1,302, with oil at an
average of $1.13 per gallon, while for the same period after the Board
took charge it was but $1,286, with oil at $1.62 per gallon. Thus it ap-
peared that under the Board the average cost of maintaining each ]ig{:t
was about $16 per year less than under the previous management, although
oil was about 50 cents per gallon more; and it was broadly claimed by
the Board, and the claim does not appear to have been disputed, that by
the change it furnished under the new system “at least four times as much
light for the benefit of the navigator as the best system of reflector lights
wiich has been devised, and at the same time at a consumption of not
more than one-fourth the quantity of oil required for the best system of
reflector lights.”

THE LENS SYSTEM.

The lenticular apparatus consists of a central, powerful lamp, emitting
luminous beams in every direction, around which is placed an arrangement
of glass, so formed as to refract these beams into parallel rays in the re-
quired directions. When a ray of light passes out of a rarer into a denser
medium, or vice versa, it is refracted from its original direction, and as-
sumes that which is induced principally by the density of the second me-
dium. This is shown in the bent appearance of an oar or a mooring under
water. The glass lens appears to bend the rays which fall on and emerge
from its two surfaces. The bull’s-eye lantern confines its rays to one di-
rection by the use of this principle. As the normal figure of the lens is
that to which its powers are due, the polyzonal lens must be considered
as a complete lens with the unnecessary portions cut away. Thus the
original lens is much diminished in weight, aad it also has the greater
certainty of the more uniform density of the material from which it is
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made. It affords also the means for correcting the aberration for sphe-
ricity, a great point in the manufacture of lenses. This is the principle of
the polyzonal lens. They are applied to control the luminous rays of a
lamp, by building them into a square figure for such lenses as are for re-
volving lights.

For a revolving light, eight of such lenses, which, for a light of the
first order, have a focal length of 3 feet 0.25 inch, are formed into an
octangular drum. This surrounds the central lamp, which is placed in
their common focus, and it is the principal portion of the controlling ap-

aratus.

F Another adaptation of the principle is used for a fixed light. A sec-
tion of the lens surrounds the focal point, and in the same plane. This
produces a series of horizontal belts, with their vertical section similar to
that of the lens in its circular form. "This when applied to a central lamp
causes a continuous belt of light in azimuth, instead of a series of beams
parallel, or nearly parallel, to the axis of the circular lenses, as in the case
of the revolving apparatus. In the focus of this belt, or drum of glass,
the lamp is placed.

“ Nothing can be more beautiful,” says the great Scotch light-house en-
gineer, Mr. Alan Stevenson, “ than an entire apparatus for a fixed light
of the first order. It consists of a ceatral belt of refractors, forming a
hollow cylinder 6 feet in diameter and 30 inches high ; below it are six
triangular rings of glass, ranged in a cylindrical form, and above a crown
of thirteen rings of glass, forming by their union a hollow cage, composed
of polished glass, 10 feet high and 6 feet in diameter. I know of no work
of art more beautiful or creditable to the boldness, ardor, intelligence, and
zeal of the artist.”

In coast lights, the light is not generally required all around the hori-
zon. Over %e land in the rear there would be a waste of the light from
the great lamp, which is sufficient to illuminate the whole horizon. This
is avoided in the reflector-light, as a small number of lamps is used. But
in the dioptric apparatus the light is economized by the use of spherical
mirrors placed on that side. iey are generally of silvered copper curved
to a radius equal to that of the focal lenses to which they are applied, hav-
ing the flame as a center. Thus they reflect the rays back again through
the flame upon the lenses on the opposite side, and flame, being perfectly
transparent, there is in this no loss of power.

THE LIGHT-HOUSE LANTERN.

In the early days the lantern consisted of a cylinder of heavy wooden
frames, holdlng small, thick panes of plate-glass. These window-bars and
supportmg-postsmterfered with the light. Insomedirectionsit wasnearly
obscured. This defect was remedied to a great extent by the substitution
of diagonal metal frame-work in the lantern for that formerly used. Glass
made in triangular panes was fixed in gun-metal frames, which, by cross-
ing the light diagonally, did not obscure all the perpendlcular beam, as
did that in the older light-rooms. This drawback was still further min-
imized by arranging a series of lozenge-shaped panes, supported by steel
frames, bent to the curvature of the lantern, which presented the thinnest
possible edge towards any point of the horizon. The panes of glass held
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by these frames are also bent to the curve of the light-room, and are
ground to the size of the frame. The lantern thus made forms a very
strong cylinder, and its frame-work, from a short distance, is almost in-
vigible to one immediately in the front.

A first-order lenticular apparatus is a most beautiful object. It stands
nearly 12 feet high, and is 6 1eet in diameter, and involves in its structure
some of the highest principles of applied science.

A first-order-light apparatus, as above said, is 12 feet high and 6 feet
in diameter, and fie cost of the lenses alone varies from about $4,250 to
$8,400.

A second-order-light apparatus is 4 feet 7 inches in diameter ; the lens
oosts from about $2,760 to $5,630.

A third-order apparatus, diameter 3 feet 3§ inches, costs from about
$1,475 to $3,6560 for lenses alone.

A fourth-order or harbor light is 19§ inches in diameter and costs
from about $350 to $1,230 for the lenses.

A fifth-order harbor light, 14} inches in diameter, costs for the lenses
from about $230 to $840.

The sixth-order or smallest size of harbor lens light is 11} inches in
diameter and costs from about $190 to $315.

The lenticular apparatus was invented and constructed in France, and
for many years France supplied the world. England now obtains its
supply, it 15 said, from the house of Chance Bros., of Birmingham. The
United States Light-House Establishment have made some experiments
with the illuminating apparatus made by this firm, but it has seen no
reason for change. %t still orders its lenticular apparatus from the French
houses of Henri Lepaute, Barbier & Fenestre, or Sautter, Lemonier et
Cie., as it has done from its early days.

The distance from which the principal lights can be seen is only limited
by the horizon. They might be seen 60, 80, or even 100 miles if suffi-
cient elevation could be gained from which to view them. It is deemed
that 250 feet is the maximum height necessary or advisable to give a light;
this gives a horizon 18 miles distant. This can be extended to 20 miles
or more by ascending to mast-head. When a light is unduly elevated it is,
however, often obscured by clouds and fogs.

- In the tables the height of the flame above the highest tide high-water
level is given, so that it is the minimum range of the light. To this ele-
vation 10 feet is added for the height of the deck of the ship above the
sea. Besides the increased distance to which low water will cause the
light to be seen, the effect of refraction will also sometimes increase their
range.

E question has arisen of late as to whether the reflection of a light upon
the clouds, sometimes seen at twice or even three ti.nes the distance that
the light itself can be seen, is not as useful as the light itself. But as
this reflection can only be seen under indeterminate conditions of the at-
mosphere, the question, at least as yet, is hardly of a practical nature.
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Table of distances, in nautical miles, at which objects can be seen at sea,
according to their respective elevations and the elevation of the eye of the
observer.

Height. Distance. || Height. {Distance. || Height. [Distance.

Feet. Miles. |' Feet. Miles. Feet. Miles.
5 2. 555 70 9, 562 250 18.070
10 3.614 76 9. 807 300 19. 795
15 4.426 80 10. 222 350 21. 881
20 5.111 85 10. 536 400 22. 857
25 5. 714 20 10. 842 450 2. 244
80 6. 260 95 11.189 500 25, 555
85 6.761 100 11.428 550 26, 802
40 7.228 110 11. 986 600 27. 994
45 7. 668 120 12 519 650 29, 137
50 8. 081 130 18. 080 700 80. 237
85 8.476 140 18. 622 800 39,325
60 8. 852 150 18.997 900 34.286
65 9.214 200 16.162 ‘ 1,000 | 36140

If it be required to know the distance at which a light of a given height
can be seen by a person on a given level, it is only needful to add together
the two nunbers in the column of distances corresponding to those in the
column of heights, which represent, respectively, the height of the observ-
er’s eye and the height of the focal plane above the sea. When it is de-
gired to find the height which will render a light visible at a given distance,
first seek for the number corresponding to the height of the observer’s eye,
and deduct this from the whole proposed range og the light, and opposite
the remainder in the column of distances seek for the corresponding num-
ber in the column of heights.

Distances of visibility, corresponding to heights not included in the above
tables, may be found by the formula D=§ /g, in which D is the distance
in nautical miles, and H is the height in feet of the focal plane above the
sea ; thus: For a light of 1,600 feet, add to 40, which is the square root
of 1,600, one-seventh of 40, or 5.7. The sum 45.7 will be the distance
of visibility, in nautical miles, under the ordinary conditions of atmos-
pheric refraction.

Nautical miles.

Example 1. Heizht of S8andy Hook light, 90 feet, visible ..................... 10.8
Add for the height of observer’s eye on deck, 15 feet ............. =4.4

Distance of light.....ccccoeeeeeiaaniieceniaciiiiecicnnnas 15.2

Example 2. Height of S8ankaty Head light’, 150 feet, visible .. ......coceonn... 14.0
Add for the height of observer's eye at the mast-head, 60 feet . .... =8.9

Distance of light...cceieictiiecnioiieniiiceiacnancancenn 2.9

LIGHT-HOUSE ILLUMINANTS.

The illaminant of the Light-House Establishment has been changed
whenever a better one has been found. The “fier-balls of pitch and ocum”
used in the open brazier at Point Allerton, in 1673, were succeeded by
tallow candles at Little Brewster Island in 1716, which gave way to fish-
oil, burned in spider-lamps, with solid wicks suspended by iron chains
from the dome of Sandy Hook light-house as late as 1760; and this was
in turn succeeded in 1812 by sperm-oil burned in a sort of argand lamp
in Winslow’s ¢ patent magnifying and reflecting lanterns;” and this illum-
inant was continued until the beginning of the latter half of the present
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century, when the reflector system, much as it was improved, was itself
superseded by the Fresnel lenticular apparatus now in use.

When the Light-House Board came into power one of the first subjects
which received its best attention was that of obtaining a new illuminant
of less cost than sperm-oil. The yearly diminution of the whale catch,
and the increased use of sperm-oil as a lubricant, made it more and more
expensive. The Board therefore called in the aid of such scientists as
Professors Morfit and Alexander, of the University of Maryland.

Their analyses, quantitative and qualitative, chemical, photometric, etc.,

of sperm, whale, s%ark, fish, seal, colza, olive, lard, and mineral oils, of
various grades and combinations, were published by the Board in 1855,
and these are still regarded by the trades as high authority on those sub-
jects.
! It was found from these examinations that colza, the oil expressed from
the seed of several plants, but especially from that of the wild cabbage
(brassica oleracea) was largely used in France, and would comply with all
the required conditions except that of being of home production. This
difficulty the Board overcame by stimulating the cnltivation of the plant
and the manufacture of the oil from its seeg as a private industry.

In 1861 the Board purchased and used over 5,000 gallons of colza-oil
at $1.10 per gallon; in 1862, 2,000 gallons at §1 per gallon, and 10,000
more at $1.10 per gallon, and that too while sperm-oil was selling at
$1.64% per gallon; and it speedily became evident that the country would
soon supply all the colza-oil wanted for light-house consumption at $1
per gallon as a maximum price.

Meantime the Board had experimented with lard-oil, and with such
sucoess that it appeared that this oil of a certain grade was a more desir-
able illuminant than colza, and it gave equally good results, was more
certain in quantity and production, and was more economical in price.

The principal manufacturer who, after several attempts, had succeeded
in making colza-oil, and who to do so had put up expensive machinery at
the Board’s instance, finally wrote to the Board that the result of its ex-
periments had convinced him that the Government could not afford to use
colza-oil in preference to lard oil, and that he would abandon its further
manufacture for light-house purposes, though he had demonstrated its suc-
cess in all respects except competition with lard-oil, if the Board would

urchase from him the colza he then had on hand. This was done, and
ard-oil became the established illuminant.

Oil for the year is usually purchased by contract in the autumn, after
advertisements for proposals, and is made deliverable in large lots at dif-
ferent times and places, to suit the convenience of the establishment. When
delivered it is subjected to careful and exact test to ascertain its purity; and
its light-giving %ower in light house lamps is ascertained by photometric
measurement. The best oil of commerce is not always the best for light-
house lamps, and the dealers have much difficulty in meeting the precise
wants of the establishment ; hence it is not unusual that some oil is re-
jected. Taking the oil purchased in open market to meet sudden demands,
which it is cheaper to meet by purchase than by transportation, together
with that purchased by contract, the establishment bought on an average
about 100,000 gallons of oil yearly. The highest price it has paid for
sperm-oil was $2.43} per gallon ; the lowest, $1.09. The highest that it
bas ever paid for lard-oil 15 $2.27, and the lowest, 484 cents per gallon.
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The lard-oil purchased by the Light-House Establishment from 1867 to
1889, both inclusive.

1

I
. Average l l Average |

f
Year. Gallons. , cost per Total cost. | Year. Gallons. cost per Total cost.
, gallon. | l gallon. [
! !
1867.............. 75,000 | $!.2927 ¢96,950.00 1879 ............. 108,000 $0.5265  $55, 805. 20
1888 ............. 55, 000 1.2773 69,980.00 1840 ............ 67, 000 . 6034 48, 455. 80
1880 ............ 60. 000 1.4941 89,425.00  188l............. 44, 000 . T447 | 32, 839. 00
1870.. - 80, 000 1.8710 149,140.00 1 1832 ............ 61, 000 .9103 46, 406. 40
) 1 1 § N, 91, 000 L2635 115,197.50 ' 1883............. 73, 000 .8413 1+ 61,418.20
1872 ........... 91, 000 .9325 85,345.00  1864....... ceee- 38, 000 . 7271 27,631.00
1873 ....ccveennn. 95, 0:0 . .7826 75,020.00 1885............. 24, 500 . 7004 17, 381. 00
1874, .caae oo 99, 000 .875 | £88,060.00 1838............. 88, 500 . 54688 21,039.25
1875 . ...cceae.... 113, 0vo 1.2125 ' 167,575.00 ' 1887............. 29, 800 . 5037 15, 012,00
1870 ............. 85,000 ¢ L1755 90,830.00 1888............. 20. 000 .5445  10,490.00
1877 cceeeanen.-. 110,000 | 9643 109,282.50 1889. ........... 16, 000 . 5700 9,120.00
1878..... 107, 000 l L7082 71,450.90 |
1

The tests applied by the Light-House Board to the oil it purchased
were 80 thorough and effective that the Navy and War Departments and
the Revenue Marine and the Life-Saving Service Bureaus of the Treasury
Department arranged to procure the oil they used, both for lubricating
and illumipnating purposes, through the Light-House Establishment.
This made it necessary for the Board to purchase during the last three
years much lard-oil and some mineral oil that was not for its own use.

The Light-House Establishment from its inception had a tendency to the
use of petroleum. As early as 1807 there was a correspondence between
Mr. Gallatin, then Secretary of the Treasury, and the owners of the good
ship Corlomande, from Rangoon, in the kingdom of Ava, relative to 5,000
gallons of earth oil, which is commended as the ¢ best article known for
burning in light-houses, making a very strong, clear, and bright flame,
emitting at the same time a great volume of smoak.” It may be that then,
as often since, the “ great volume of smoak ” prevented the use of the earth
oil. 1In 1856 the Board made some unsuccessful experiments with the
various forms of petroleuam. Meantime the price of lard-oil had so far
increased that a cheaper-illuminant became a necessity. It was only nec-
essary, however, as a matter of economy, since lard oil had proved itself
acceptable in every other respect. The matter was approached with much
caution, as the volatile, inflammable, explosive uature of mineral oil was
well known. The keeper of one of the lights on Lake Michigan had, in
1864, on his own motion, substituted for the usual lard-oil lamp one burn-
ing kerosene. Soon after commencing its use he attempted to extinguish
the lamp by blowing down its chimney, when it exploded. He had scarcely
reached the foot of the staircase, with his clothes on fire, when another
explosion took place, which blew the whole lantern from the tower and
effectually destroyed the lenticular apparatus. But as mineral oil was, in
one form or another, in successful use in European light-houses, the Board
set about solving the problems connected with its uniform and economical
combustion, its purchase in the large quantities needed, the tests as to
purity, and the degrees of heat at wh i(ﬁf it should burn and flash, the degrees
of cold at which it should remain limpid, methods for its transportation
and storage, and the other questions connected with its safe and economical

use.
The first difficulty was that of the lamp in which it should be burned.
At the outset a claim was set up that mineral oil could not be burned in
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a licht-house without infringing on a certain patent. The Board, always
ready to encourage inventive genins when applied to light-house matters,
asked the necessary authority to deal with the patentee, when the Secre-

of the Treasury, as the custom is, referred the legal questions in-
volved to the Attorney-General. Thus a legal controversy arose which
continued some three years, running through the Patent Office, and was
finally adjudicated in the courts, where it was decided that mineral oil
could be burned in any light-house lamp except one without infringing
any patent. Meantime the Board had, after much experimentation in its
own laboratory and workshops, succeeded in producing a miveral-oil lamp
capable of consuming all the carbon it set free, and introduced it into the
light-houses.

The Chairman of the Board, the venerable Professor Henry, who was
also the Secretary and head of the Smithsonian Institution, bad been dur-
ing this time dealing with other difficulties practically and personally in
laboratory and workshop, and in them had more than once endangered
his person, if not his life, and thus the Board reached in advance certain
determinate results. It fixed the flashing test of the mineral oil that
would be accepted for light-house use at 140° Fahr., the fire-test at 154°,
and the freezing test, at which it should remain limpid, at zero.” Lit-
mus paper immersed in it for five hours must, by remaining unchanged in
color, show its freedom from acid, its specific gravity must not be less than
802° ; and it is to be paid for by weight,at the rate of 64%; pounds net weight
to the gallon. The difficulty of storing and transporting such quantities in
bulk was conceded, but its danger was evaded by having the oil placed at
once in 5-gallon cans, where it was to remain until transferred to the light-
house burners for combustion. Miuneral oil is now used throughout the
light-house establishment. It is claimed that 5 Fallons of mineral oil will
give as much light as 4 gallons of lard-oil, while mineral oil at the pres-
ent writing costs about 8} cents and lard-oil about 57 cents per gallon.
Thus it may be stated roughly that mineral oil, as compared with lard-oil,
gives one-fifth more light and costs only one-seventh as much money.

The highest price paid for mineral oil since the Board commenced to
use it in large quantities was 30 cents per gallon; the lowest 6} cents,

The following is the mineral oil used by the Light-House Establish-
ment from 1880 to 1889, both inclusive : ‘

| Average | | |Averuge l

Year. Gallons. | cost per | Total cost. 4 Year. Gallons. ' cost per | Total cost.
on. | gallon.

| " | |
1880............. { 48,000 $0.1763 $8,460.00 ; 1885............. 232,600 $0.1480 $34,430.70
1881..evecnccncnnn; 75,000 0,1428 10,710.00 1886.............| 256,460  ©0.1471 | 37, 781.90
1882.ceunennnnn... | 148,455  0.1860 27,601.63 1887 ........... 206,480  0.0660 19, 849. 60
1883..c.ccceenenn. 126,133 0.1624 20,328.80 1888.....cccc0ae- 303, 191 0. 0662 20, 059. 87
0892 l 29, 596. 27

1884 vnnnennn.. | 227.'27«I o.1257| 2a,57a.oal. 1869 emns sonnns I 331,060 O,

EIGHT-DAY BURNERS.

There is a class of lights shown on the heads of long piers, built out
into lakes and sounds to make harbors. The outer ends of these piers
are difficult and dangerous to reach in heavy weather, especially as they
are often swept by waves 8s well as the winds. Hence it has been found
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necessary to build elevated walks on trestles, often at a cost far exceeding
the light-houses themselves. This is no longer done, as a burner has
been invented on the constant-level principle, which will keep a light burn-
ing four, six, and even eight days and mights, so that the light need only
be visited ip safe weather. Still the Light-House Board requires that its
keepers shall visit those lights daily, wﬁen possible, that they may keep
them clean and bright, and that they may put the automatic machinery in
thorough working order.

These burners are used at some twenty places on the east and west
coasts and on the lakes.

GAS,

The propriety of using gas as a light-house illuminant has several times
been considered. An effort was made in 1844 to use a rosin gas at the
Christiana light station, near Wilmington, Del., but after something less
than a year of trial it was abandoned as impracticable. Another unsuc-
cessful attempt was afterward made at the light station on Reedy Island,
mouth of Delaware River.

From time to time light-houses near cities have been illumined with

from the city gas-works; it is now used in but three stations, namely,
Cleveland, Ohio, Alexandria, Va., and Newburyport, Mass., and even at
these three it has been found necessary to guard against the accident to
gas-pipes, most likely to hapoen in very bad weather, by keeping a set of
oil-lamps ready to take the place of the gas-burners at a moment’s notice.
But while the Board has not found the use of gas practicable thus far, it
keeps itself informed as to the progress made in its manufacture and its
combustion.

The Board is using compressed gas to light the ten lights at the north-
ern entrance to Currituck gound, North Carolina. This gas is made and
compressed at its own gas-works, and it is carried to each of the beacons
in tauks, built into a scow, which is towed by a steam-launch, manned by
the keepers of these ten small lights, who reside on board.

The gas in each will burn for ten days and nights if need be. Though
the action of the illuminant is not unsatisfactory, it can hardly be said
:;lha!: :;:1 has yet passed beyond the point where there is not something more

esired.

THE LIGHTED BEACON ON THE DRY ROMER SHOAL, NEW YORK HAR-
BOR.

The structure is an iron pier, 30 feet in diameter and 16 feet high, sur-
mounted by a skeleton iron tower 25 feet high, from which is s%:own a
fixed white fifth-order light, the focal plane of which is 41 feet above
mean low water, and which should be seen some 11 miles. It was first
lighted on the night of July 15, 1886. It is lighted with compressed gas
from a tank which holds about a ninety-days’ supply. It cost to build
the pier and tower $10,586.60; the comp apparatus of the
Pintsch system cost $3,750, making the cost of tE:awhole station but
$14,336.60, much less than the cost of a light-house, and its cost for
maiotenance has been much less, as no keeper is needed. It has worked
fairly well, but it has not been duplicated.
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GAS MACHINE.

The combination gas-machine is used to furnish the light to some of the
stations on the northwestern lakes, among othersthat at tge Maumee Range
lights, Laké Erie, Ohio; at the Marquette Breakwater pierhead, Lake
Superior, Michigan, and at the St. Louis River pierhead, Lake Superior,
Minnesota. This machine works automatically, making the gas from
gasoline and furnishing a light which can burn, according to the size of
the machine, from thirty to ninety days without attention. It is used at
stations which may be inaccessible for days, during stormy weather, with-
out great danger to the keepers who live on shore, and it saves the need
of building long and expensive covered. ways, or elevated walks, to
approach the light, as was customary before the gas-machine came into
use. The keepers, however, are required to visit the station daily when
practicable, to keep it clean and to see that the machinery is working prop-
erly. It is inexpensive in proportion to its utility, and thus far it has
worked so well that it will probably come into more general use.

THE ELECTRIC LIGHT.

The Light-House Board has watched the experiments made in other
countries with the electric light as a light-house illuminant, and while it
does not consider that this light can seen farther than its own best
lights, which are seen, located, and identified as far as the curvature of
the earth will allow; and while it is not yet convinced that the electric
light can be located or identified better, or even seen in fog farther, than its
oil lights, still, for purposes of practical experimentation, it has—unsuc-
cessfully, however—for several successive years, asked Congress for such
an appropriation as would enable it to erect and put in operation an elec-
tric light by the side of and in competition with an oil light. Meantime
it has tested every prominent American-built machine for making the
electric light, that it might be ready to use the best when Congress had
provided the funds for that purpose. The results of its experiments are
published in its annual reports for 1879 and for 1880.

HELL GATE ELECTRIC LIGHT.

The tallest skeleton iron tower erected by the United States Light-
House Service was at Hell Gate, Astoria, N. Y., in 1883-'84. Its height
was 255 feet and five-eighths of an inch. It was built in the form of a
frustum of a cone of a pyramid, and was 54 feet square at the bottom and
6 feet square at the top. It cost about $11,000 to build, counting every-
thing. It showed nine electric lights, each of 6,000-candle power,and was
designed to illuminate the narrow, intricate, and dangerous channel as by
artificial daylight. At night when lighted the effect was grand. The tower
itself could not be seen and the light appeared as if hung from the heavens.
It accomplished all that was intended, and more, for the light was so bril-
liant that it dazzled the eyes of the pilots aud prevented them from seeing
objects beyond the circle illuminatecf The shadows thrown were so heavy
that they took the form of obstacles. So the light was discontinued in
1886, at the instance of those who had obtained its establishment. The
tower was sold as it stood for old iron; but it was so strongly built that
dynamite had to be used to accomplish its overthrow.
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THE STATUE OF LIBERTY ENLIGHTENING THE WORLD.

This statue, which was presented by the French to the United States,
when received by the President was, by order of November 7, 1886,
‘ placed under the care and superintendence of the Light-House Board
from thenceforth to be maintained by said Board as a beacon,” and the or-
der was carried into effect. There are nine duplex electric lights in the
torch held in the hand of the statue above its head at a height of 305 feet
above the sea-level, and is visible 24} miles at sea, or more than 10 miles
beyond the outside light-ship. Besides this there are five single arc lamps
on the salients of the fort within which the statue stands on Bedloe’s
Island, which are shielded from the water side, so that they will not dazzle
the eyes of the pilots, and so that the light will be thrown on the statue,
thus making it even more striking by night than by day. This beacon is
not included in the system of lights for New York Harbor.

ELECTRIC LIGHTED BUOYS IN GEDNEY’S CHANNEL, NEW YORK HARBOR.

A system of buoys lighted at night by means of electric lamps oper-
ated through submarine conductors connecting with a generating appara-
tus on shore, was devised for the purpose of defining the main entrance
to the bharbor of New York.

The harbor has two communications with the ocean which are practic-
able for sea-going vessels, one by way of Long Island Sound, through the
East River and Hell Gate, and the other through the Narrows, between
the Staten Island and Long Island shores. This latter entrance is a
proached by way of channels crossing the bar which extends from Sams;
Hook to Coney Island, across the opening of the lower bay, and being
the more direct and accessible from seaward of the two entrances it is by
far the more important and is the only one practicable for vessels of the
larger class, but all deep-draught vessels must enter and go out by the
less direct route through the Gedney’s and main channels. The entrance
through Gedney’s channel has heretofore been practically unmarked at
night except by unlighted buoys, and this channel has therefore been prac-
tically of no use at night, and the harbor has been regarded as closed
to deep-draught vessels except in daylight.

After a variety of experiments it was found that the best chance for
lighting this channel lay in the use of lighted buoys, and that the most

racticable form of light for the purpose was an incandescent electric
amp operated by a current generated on shore and conveyed through a
cable laid on the bottom of the sea.

This form of lighted buoy having been decided upon as the one giving
greatest promise of success in solving the problem of rendering Gedney’s
channel available at night, experiments were instituted to put the idea to
a practical test.

An armored cable containing two copper conductors insulated with

utta-vercha was procured and laid from the light-house depot on Staten
%sland to a spar-buvy planted near the Robbins’s Reef light-house, a dis-
tance of about 6,000 feet. The buoy was fitted with an iron cage at the
top, inclosing a heavy glass jar, in which was placed the lamp. The
eagle was laid in a groove cut in the side of the buoy and connection
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made with the lamp at the top. The other end of the cable was connected
with the dynamo by short lengths of overhead wire.

A variety of lamps were tried under different conditions and in vary-
ing states of the weather at different seasons, and these experiments re-
sulted in developing a system of buoys adapted to meet the conditions
obtaining at Gedney’s channel. The necessary cables, buoys, machinery,
etc., were then procured, an engine-house and land line were erected at
Sandy Hook, and the system was regularly installed.

The lights on either side of the :%annel are red and white, so that in
case of failure of the lights any three may become extinguished and the re-
maining ones will still indicate the position of the channel, since a pilot
familiar with the arrangement can distinguish which particular ones are
burning.

Shotﬁd a buoy be dragged from position at night the cable would proba-
bly part and the lamp be extinguished, or at all events the keeper on
watch could in ordinary states of the weather ascertain whether the buoys
were in place or not, and extinguish such as might become moved so as to
be dangerous to navigation.

The buoys are made of juniper, a timber of great buoyancy and straight-
ness of growth. The buoys average about 45 feet in length, 10 inches in
diameter at the butt, 15} inches at the largest section, and 11 inches at
the top. They are shackled at the bottom to a hemispherical cast-iron
sinker weighing 4,500 pounds. To the top of the buoy is firmly screwed
the protecting cage, which is composed of flat iron ribs riveted to two iron
banas which encircle the spar, wiih a third ring at the top of the cage.
The upper part of the ribs and the top ring are turned so as to present
the edge to the lamp, in order to secure greater strength and obscure the
light as little as possible. The ribs are given a peculiar curved shape in
order to allow ice and drift-wood to run over the buoy without injury.

The lantern consists of a circular base and stout frame-work of brass,
having curved panes of thick glass in the sides and segmental panes in the
top, with a ring at the top to serve as a handle. Three short legs attached
to the bottom ring fit into holes in brass ears riveted to the ribs. Holes
for ventilation are provided at the top and bottom. The lantern is secured
in place by two hinged screw clamps, fitting over brass tongues, which are
also secured to the ribs. In removing the lantern it is lifted bodily out
of the top of the cage, and this removal of the lantern brings away every-
thing liable to need repair or other attention.

The lamp is rated at one hundred candle-power, and the peculiar shape
of the carbon filament was designed to secure as uniform and advantageous
distribution of the light as possible, and to reduce the obscuration of the
light by the ribs of the cage and the bars of the lantern to a minimum.
One terminal wire of the lamp is electrically connected to the base of the
lantern, and the other is carried through an opening having an insulating
bushing and connects with the core of the cable. One of the armor wires
of the cable is soldered to a rib of the cage to insure a complete electric
circuit through the core of the cable, the lamp, and the lantern and frame
to the cable armor.

The cable is securely fastened by wire staples in a deep groove cut in
the buoy, and is covered by a strip of wood fitted to the groove and held
in place by short iron strips let in flush with the surface and secured by
screws. For a distance of several feet, at the lower end of the buoy, the
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cable is closely served with iron wire, over which is wound spun yarn to
prevent injury from chafing on the shackle and sinker.

From each buoy the single conductor cableis led to a cast-iron junction
box, where connection is made with one of the three cores of the triple
conductor cable. To insure the least possible resistance in that part of
the circuit through the armor wire or “earth,” a separate copper wire of
large cross section is soldered to the armor wires at the shore end and
carried to the dynamo room with the other wires on the pole line.

Each buoy is painted and lettered and marked in accordance with the
sisbem adopted for the iron buoys, which have heretofore been used near
the position now occupied by the spars.

To warn vessels against anchoring over the cables a large sign has been

ut up at Sandy Hook, near the shore end of the cables, and a red sector
1n the east beacon light covers the water occupied by the buoys and cables.

Each dynamo has a switch, which enables either machine to be readily
connected with cut-off from the main leading wires. -

Each lamp is on an independent circuit, in which is placed, besides the
lamp, an ampere meter, a safety plug, and a controlling resistance for
adjusting the potential of each lamp separately.

This adjustment is necessary on account of the inequalities of the line
resistance due to the unequal lengths of cable to the different lamps.

There is also provided an ampere meter for the entire current and a volt
meter.

Wires are led from each circuit wire to a test board, where connections
are provided which enable the voltage or pressure of each circuit to be
measured separately when the lamps are running, and also enable tests of
line resistance, etc., to be conveniently made.

The buoy lights were first exhibited on the night of November 7, 1888,
and since that date they have been in successful and continuous cperation.

On account of their frequent failures, the red incandescent lamps were
abandoned, and red glass was substituted for white in the lanterns. On
January 1, 1889, the color of the lamps was changed, so as to have all
red lamps on the starboard hand, and white ones on the port hand pass-
ing in. The electric plant is in excellent condition, and has given great
satisfaction at all times. Such vessels as the City of New York, Bourgoyne,
Lahn, and many other large vessels, have used the (Gedney’s Channel at
night. The number of vessels which passed out between sunset and sun-
rise from December 14, 1888, to June 30, 1889, was 53 ; passed in, 179;
total 224. To represent the efficiency of the lamps, taking the number
burning each night as 6, the total number of nights 234, gives 1,404 lights
for a single night. The number which went out in service estimateg by
night gives 49. 1,404 : (1,404—49):: 100: 96.50, percentage of efficiency.

SANDY HOOK EAST BEACON,

The Sandy Hook East Beacon, on the point of Sandy Hook, New York
Harbor, is now lighted by electricity, instead of oil. The change has but
recently been made. It was occasioned by the fact that thedynamos from
which the electric-buoys were supplied were close at hand, and could be
utilized without much trouble or expense. The light is of but the fourth-
order, and it is hoped that it will not be found too dazzling by the pilots.
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ELECTRIC SCIENCE.
The Light-House Establishment keeps itself fully informed of the

advance made in electric science. It maintains an electric laboratory at its
general depot in New York Harbor, in which one of the brightest young
officers of the Corps of Engineers of the U. S. Army, Lieutenant John
Millis, who has been detailed for that purpose, devotes his time to the su-
perintendence of practical electric work. It was under his supervision
that the great tower at Hell Gate was lighted, that the Statue of Liberty
in New York Harbor was lighted, that the buoys in Gedney’s Channel and
the station at Sandy Hook were lighted, and that the work-shops and
offices at the depot were lighted. Thus the Board will be ready for any
work in the way of placing electric lights in its towers or ships, whenever
it may be authorized to do so by Congress.

EXPERIMENTS WITH ILLUMINANTS.

The British Government in 1885 created a commission to inquire into
and report upon the relative merits of electricity, gas, and mineral oil as
light-house illuminants. It was made up of members of the Trinity
House and of scientific experts. The United States sent an officer of its
Navy, Commander F. E. Chadwick, to witness the experiments, and
report upon them, which he did at length. His report is printed as an
appendix to the annual report of the Light-House Board for 1885. The
secretary of the commission, Mr. Price-Edwards, sent a paper to the Brit-
ish Society of Arts, which was read at its meeting of March 10, 1886, and
which appears in its transactions, in which is found an auathoritative
résumé of the observations and conclusions of the commission.

The experiments covered a wide range of conditions, such as fine, clear
weather, haze, fog, and dense fog, and the conclusions arrived at estab-
lished the fact that, under the mnst adverse state of things, dense fog, all
lights are useless to navigators, and that the advantage of the most power-
ful illaminant, electricity, was reduced to a nominal and unsatisfactory
element equally with the gas and oil illuminants, the electric light being
visible only a few hundred feet farther than either of the other lights under
such conditions.

It appears that the penetrative power of light through fog differs ac-
cording to the varying conditions of its homogeneity, or, in other words,
the greater or less size of the particles of aqueous vapor in suspension.
The effect is similar to that produced upon the siren fog signal, which
may be almost totally extinguished at a short distance, or may be heard
many miles.

There is no greater danger at sea for steam navigation than the presence
of fog, and the mariner can not mistrust too much his own estimate of
position and distance of the sources of lights and sound signals under
these circumstances.

The commission indicated that the electric light stands first in the rank
of light-house illuminants during clear weather. It claims that for first-
class points of coast lighting nothing can be more desirable, if expense be
no matter of consideration, on the ground that its range, definition, and,
where a distinctive character is employed, as group-flashing, its superiority
to all other modes of illumination pronounce its excellence and pre-emi-

nence.
The definition of any area of electric light is so exact that a man may
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at a moderate distance, without changing his position, move his head so as
te be in full glare or in perfect darkness.

The United States Light-House Board was, however, forced to abandon
its attempts to light the Hell Gate Channel by electricity for this very
reason, as the strong light so dazzled the eyes of the pilots, and as the
shadows thrown were so heavy, that the pilots found that the electric light
was not only more of a hindrance than a help, but that it was a positive
source of danger. This matter is more fully discussed in another place.

The mineral oil light in these trials fully justified the confidence re-
posed in it by the Trinity House and the United States Light-House
Board authorities, after many years of careful experience. The commis-
sion found it to be at once the most serviceable illuminant, the most eco-
nomical, the safest, and easiest for storage, no machinery or skilled labor
required in its use, and equally available for rock, floating, or coast light
stations. The lamp in which this material is used has been so perfected
under British and American engineers as to be comparatively equal to
the electric and gas lights, in its capability of increase of power, to adapt
it to the varying atmospheric conditions.

The gas light as adopted by the Irish Board is the invention of Mr.
Wigham, of Dublin, and is used in several stations upon the coast of Ire-
land. Cannel coal gas, manufactured and stored on the spot, is conveyed
to the burners, which are capable of increase of power varying from
twenty-eight to one hundred and eight jets, according to the power neces-
sary for the station or for the state of the atmosphere. This system is
open to objections, although its efficiency is allowed to be of considerable
value. Its brilliancy is very satisfactory, but the expense of installation
and continued production place it between the electric light and the mineral
oil light. It is not practicable to employ it upon rock and floating sta-
tions. In coast stations the very great heat emitted in the light-room,
causes fracture of lenses and inconvenience to the attendants. Its effect-
ive power is equaled by the mineral oil light, and at a considerable dim-
inution of cost. Gas is used in but very few of the United States lights,
and they are of minor importance. As is stated elsewhere, the experi-
ments made with gas have failed to show its practicability for use as a light-
house illuminant in America.

The official report of the Commission ends with the following summary :

Finally, your committee beg thus to smn up their opinion in regard to the relative
merits of electricity, gas, and oil as light-house illuminants:

(1) That the electric light, as exhibited in the A experimental tower at S8outh Fore-
land, has proved to be the most powerful light under all conditions of weather, and
to have the frealest penetirative power in fog.

(2) That for all practical purposes the gas light,as exemplificd by Mr. Wigham’s
multiform system 1n B experimental tower, and the oil light, as exemplitied by the
Trinity House Doungiass six-wick burners in mnltiform arrangement up to triform
in C experimental tower, when shown through revolving lenses, are eaunal light for
lignt in alll conditions of weather; but that quadriform gus is a littie better than

form oil. .

(3) That when shown through fixed lenses, as arranged in the experimental towers,
the superiority of the superposed gas light 18 nnquestionable. The larger diameter
of the gas flames, and the lights being much nearer to each other in the gas lantern,
give the beam a more compact and intense appearance than that issuing from the
more widely-serarated oil-burners.

(4) That for light-house illumination with gas, the Doaglass patent gas-burners are
much more eficient and economical than the wigham gas-burners.

(5) That for the ordinary necessities of light-house illumination, mineral nil is the
most suitable and economical illuminant, and that for salient head-lands, important
land-falls, and places where a powerful light is required, electricity offers the greatest

advantages.



CHAPTER IX.

Fog Signals.— Aberrations in Audibility.

The sound-signals generally used to guide mariners, especially during
fogs, are, with certain modifications, sirens, trumpets, steam-whistles,
be'fls-boats, bell-buoys, whistling-buoys, bells struck by machinery, cannons
fired by powder or gun-cotton, rockets, and gongs.

GONGS.

Gongs are somewhat used on light-ships, especially in British waters.
They are intended for use at close quarters. Léonce Reynaud, of the
French light-house service, has given their mean effective range as barely
6550 yards. They are of most use in harbors, short chaunnels, and like
ﬁlamas where a long range would be unnecessary. They have been used

ut little in United States waters. The term *effective range ” is used
here to signify the actual distance at which, uoder the most unfavorable
circumstances, a signal can generally be heard on board of a paddle-wheel
steamer in a heavy sea-way.

GUNS.

The use of guns is not so great as it once was. Instances are on record
in which they were quite serviceable. Admiral Sir A. Milne said he had
often gone into Halifax Harbor, in a dense fog like a wall, by the sound
of the Samhro fog-gun. But in the experiments made by the Trimty
House off Dungeness, in January, 1864, 1n calm weather, the report of an
18-nounder, with 3 pounds of powder, was faint at 4 miles. Still,
in tne Trinity House experiments of 1865, made in light weather with a
light gun, the rei)ort was clearly heard 7 miles away. Dr. Gladstone re-
cords great variability in the range of gun-sound in the Holyhead exper-
iments.  Professor Henry says a 24-pounder was used at Point Boneta,
San Francisco Bay, California, in 1856 57, and that, by the help of it
alone, vessels came into the barbor during the fog at night as well as in
the day, which otherwise could not have entered. The gun was fired
every half hour, night and day, during foggy and thick weather in the
first year, exoept for a time when powder was lacking. During the sec-
ond year there were 1,582 discharges. It was finally superseded by a
bell-boat, which in its turn was after a time replaced by a siren. A

un was also used at West Quoddy Head, Maine. It was a carronade, 5
eet long, with a bore of 5} inches, charged with 4 pounds of powder.

64
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The gun was fired on foggy days when the Boston steamer was approach-
ing the light-house from St. John, and the firing was begun when the
steamer’s whistle was heard, often when she was 6 miles away, and was
kept up as fast as the gun could be loaded, until the steamer answered
with its whistle. The report of the gun was heard from 2 to 6 miles.

“ This signal was abandoned,” Professor Henry says, ‘because of the
danger attending its use, the length of intervals between successive explo-
sions, and the brief duration of the sound, which renders it difficult to
determine its direction with accuracy.” In 1872 there were three fog-
guns on the English coast, iron 18-pounders, carrying a 3-pound charge
of powder, which were fired at intervals of fifteen minutes in two places,
and of twenty minutes in the other. The average duration of fog at these
stations was said to be about six hours, and as it not unfrequently lasted
twenty hours, each gun required two gunners who had to undergo severe
labor, and the risk of remissness and irregularity was considerable. In
1881 the interval between charges was reduced to ten minutes. The Trin-
ity House, in its experiments at South Foreland, found that the short
24-pound howitzer gave a better sound than the long 18-pounder. Pro-
fessor Tyndall, who had charge of the experiments, sums up as to the use
of the guns as fog-signals by saying:

The duration of the sound is so short that, unless the observer is prepared before-
hand, the sound, through lack of attention rather than through its own powerlessness,
is liable to be unheara. Its liability to be quenched by local sound is so great that
it is sometimes obliterated by a gl:ﬂ' of wind taking possession of the ears at the time
of its arrival. 1ts liability to be quenched by an opposing wind, so as to be practi-
cally useless at a very short distance to windward, is very remarkable. * * * 8till,
gotwifhstanding these drawbacks, I think the gun is entitled to rank as a first-class

gual.

The minute-gun at sea is known the world over as a signal of distress.
The English light-ships fire guns to attract the attention of the life-boat
crew when shipwrecks take place in sight of the ships, but out of sight of
the boats; and guns are used as signals of approacEing floods at rreshet
times in various countries. '

ROCKETS.

As a signal in rock light-houses, where it would be impossible to mount
1 pieces of apparatus, the use of a gun-cotton rocket has been suggested
by Sir Richard Collinson, deputy master of the Trinity House. A charge
of gun-cotton is inclosed in the head of a rocket, which is projected to the
height of perhaps 1,000 feet, when the cotton is exploded, and the sound
shed in all directions. Comparative experiments with the howitzer and
rocket showed that the howitzer was beaten by a rocket containing 12
ounces, 8 ounces, and even 4 ounces of gun-cotton. Large charges do not
show themselves so superior to small charges as might be expected. Some
of the rockets were heard at a distance of 25 miles. Professor Tyndall
proposes to call it the Collinson rocket, and suggests that it might be used
in light-houses and light-ships as a signal by naval vessels.

» BELLS,
Bells are in use at most United States light-stations, and at many they
are run by machinery actuated by clock-work, made by Mr. Stevens, of
1564A—5
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Boston, who, at the suggestion of the Light-House Board, has introduced
an escapement arrangement moved by a small weight, while a larger weight
operates the machinery which strikes the bell. These bells weigh from
300 to 3,000 pounds. There are about one hundred and twenty-five in
use on the coasts of the United States. Experiments made by the engi-
neers of the French light-house establishment in 1861— 62 showed that the
range of bell-sounds can be increased with the rapidity of the bell-strokes,
and that the relative distances for 15, 25, and 60 bell-strokes a minute
were in the ratio of 1, 1.14, and 1.29. The French also, with a hem-
ispherical iron reflector, backed with Portland cement, increased the bell-
range in the ratio of 147 to 100 over a horizontal arc of 60 degrees, be-
yond which its effect gradually diminished. The actual effective range of
the bell-sound, whatever the bell-size, is comparatively short, and, like the
gong, it is used only where it needs to be heard for short distances. Mr.
Cunningham, secretary of the Scottish light-house establishment, in a paper
on fog-signals, read in February, 1863, says the bell at Howth, weighing
2 tons, struck four times a minute by a 60-pound hammer falling 10 inches
has been heard only 1 mile to windward against a light breeze during fog,
and that a similar bell at Kingston, struck eight times a minute, had been
50 heard 3 miles away as to enable the steamer to make her harbor from
that distance. Mr. Beaseley, C. E., in a lecture on coast fog-signals, May
24, 1872, speaks of these bells as unusually large, saying that they and the
one at Ballycottin are the largest on their coasts, the only others which
compare with them being those at Stark Point and South Stack, which
weigh 31§ cwt., and 41} cwt., respectively.

Mr. Cunningham, speaking of the fog-bells at Bell Rock and Skerry-
vore light-houses, says he doubts if either bell has been the means of sav-
ing a single vessel from wreck during fog, and he does not recall an in-
stance of a vessel reporting that she was warned to put about in the fog or
that she ascertained her position in any respect by hearing the sound of
the bell in either place. General Duane, U.S. Army, says a bell, whether
operated by hand or machinery, can not be considered an efficient fog-
signal on the sea coast. In calm weather it can not be heard half the
time at a greater distance than one mile, while in rough weather the noise
of the surf will drown its sound to seaward altogether. The use of bells
is required by the international code on ships of all nations at regular in-
tervals during fog. But Turkish ships are allowed to substitute the gong
or gun, as the use of bells is forbidden to the followers of Mohammed.

WHISTLING-BUOYS, .

The whistling-buoy now in use was patented by Mr. J. M. Courtenay,
of New York. It consists of an iron, pear-shaped bulb, 12 feet across at
its widest part, and floating 12 feet out of water. Inside the bulb is a
tube 33 inches across, extending from the top through the bottom to a
depth of 32 feet, into water free from wave-motion. The tube is open
at its lower end, but projects, air-tight, through the top of the bulb and
is closed with a plate having in it three holes, two for letting the air into
the tube and one between the others for letting the air out to work the
10-inch locomotive whistle with which it is surmounted. These holes are
connected with three pipes which lead down to near the water-level, where
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they pass through a diaphragm which divides the outer cylinder into two
parts. The great bulb which buoys up the whole mass rises and falls with

F16. 1.—Courtenay's Whistling-Buoy.

the motion of the waves, carrying the tube up and down with it, thus estab-
lishing a piston-and-cylinder movement, the water in the tube acting asan
immovable piston, while the tube itself acts as a moving cylinder. Thus
the air admitted through valves, as the buoy rises on the wave, into
that part of the bulb which is above water, is compressed, and as the buo
falls with the wave it is further compressed and forced through a 24-inch
pipe, which, at its apex, connects with the whistle. The dimensions of
the whistling-buoy have recently been much diminished without detract-
ing materially from the volume of sound it produces. It is now made of
four sizes. The smallest in our waters has a bulb 6 feet in diameter and
a tube 10 feet in length, and weighs but 2,000 pounds. The largest and
oldest whistling-buoy has a 12-foot bulb, a tube 32 feet long, and weighs
12,000 pounds.

There are now sixty-two of these whistling-buoys on the coast of the
United States, which nave cost about $1,075 each. It is a curious fact
that, in proportion as they are useful to the mariner, they are obnoxious
to the house-dweller within ear-shot of them, and that the Light-House
Board has to weigh the petitions and remonstrances before setting these
buoys off inhabited coasts. They can at times be heard 15 miFes, and
emit an inexpressibly mournful and saddening sound.

The then Inspector of the first light-house district, Commander Picking,
established a series of observations at all the light-stations in the neigh-
borhood of the buoys, giving the time of hearing it, the direction of the
wind, and the state of the sea, from which it appears that in January, 1878,
one of these buoys was heard every day at a station 1} miles distant,
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every day but two at one 2} miles distant, fourteen times at one 7} miles
distant, and four times at one 8% miles distant. It is heard by the pilots
of the New York and Boston steamers at a distance of from one-fifth of a
mile to 5 miles, and has frequently been heard at a distance of 9 miles,
and even, under specially favorable circumstances, 15 miles.

The whistling-buoy is also used to some extent in British, French, and
German waters with good results. The latest use to which it has been
put in this country has been to place it off the shoals of Cape Hatteras,
where a light-ship was wanted but could not live, and where it does al-
most as well as a light-ship would have done. It is well suited for such
broken and turbulent waters, as the rougher the sea the louder its sound.
But after three buoys had been carried away by the heavy seas the attempt
to keep one there was given up. )

BELL-BUOYS.

The bell-boat, which is at most a clumsy contrivance, liable to be upset
in heavy weather, costly to build, hard to handle, and difficult to keep in
repair, has been superseded by the Brown bell-buoy, which was invented

by the officer of the Light-House
Establishment whose name it bears.
The bell is mounted on the bottom
section of an iron buoy 6 feet 6
inches across, which is decked over
and fitted with a frame-work of 3-
inch angle-iron 9 feet high, to which
a 300-pound bell is rigidly attached.
A radial grooved iron plate is made
fast to the frame under the bell and
close to it, on which is laid a free’
cannon-ball.  As the buoy rolls on
the sea this ball rolls on the plate,
striking some side of the bell at each
motion with such force as to cause it
to toll. Like the whistling-buoy, the
bell-buoy sounds the loudest when
the sea is the roughest, but the bell-
buoy is adapted to shoal water, where
the whistling-buoy could not ride;
and, if there i1s any motion to the sea,
- the bell-buoy will make some sound.
Hence the whistling-buoy is used in
roadsteads and the open sea, while
the bell-buoy is preferred in harbors,
rivers,and the like, where the sound-
range needed is shorter and smoother
F10. 2.—Brown's Bell-Buoy. water usually obtains. In July,
) ) 1889, there were seventy of these
bell-buoys in United States waters. They now cost, without fitments and
moorings, about $300 each. This buoy has been much changed and im-
proved of late. _




FOG-SIGNALS, 69

LOCOMOTIVE WHISTLES.

It appears from the evidence given in 1845, before the select committee
raised by the English House of Commons, that the use of locomotive
whistles as a fog-signal was first suggested by Mr. A. Gordon, C. E., who
proposed to use air or steam for sounding it, and to place it in the focus
of a reflector, or a group of reflectors, to concentrate its sound into a
powerful phonic beam. gt was his idea that the sharpness or shrillness
of the whistle constituted its chief value. And it is conceded that Mr. C.
L. Daboll, under the direction of Professor Henry, and at the instance of
the United States Light-House Board, first practically used it as a fog-
signal by erecting one for use at Beaver Tail Point, in Narragansett Bay.
The sounding of the whistle is well described by Price-Edwards, a noted
English light-house engineer, ‘“ as caused by the vibration of the column
of air contained within the bell or dome, the vibration being set up by the
impact of a current of steam or air at a high pressure.” It is probable
that the metal of the bell is likewise set in vibration and gives te the sound
its timbre or quality. It is noted that the energy so excited expends its
chief force in the immediate vicinity of its source, and may be regarded,
therefore, as to some extent wasted. The sound of the whistle, moreover,
is diffused equally on all sides. These characteristics to some extent
explain the impotency of the sound to penetrate to great distances.
Difference in pitch is obtained bv altering tEZ distance between the steam
orifice and the rim of the drum. When brought close to each other, say
within half an inch, the sound produced is very shrill, but it becomes
deeper as the space between the rim and the steam or air orifice is
increased.

Professor Henry says the sound of the whistle is distributed horizontally.
It is, however, much stronger in the plane containing the lower edge of the
bell than on either side of this plane. Thus, if the whistle is standing
upright in the ordinary position, its sound is more distinct in a horizontal
plane passing through the whistle than above it or below.

The steam fog-whistle is the same instrument ordinarily used on steam-
boats and locomotives. It is from 6 to 18 inches in diameter, and is
operated by steam under a pressure of from 50 to 100 pounds. An en-
gine takes its steam from the same boiler, and by an automatic arrange-
ment shuts off and turns on the steam by opening and closing its valves at
determined times. The machinery is simple, the piston-pressure is light,
and the engine requires no more skilled attention than does an ordinary
stationary engine.

The Crosby automatic fog-signal, a recently invented machine, is de-
signed to take the place of the engine in the steam-whistle. There are
four sets of them now used in the United States Light-House Service, two
on the Atlantic coast and two on the Lakes, and they hayve given such
satisfaction that it is evident that they will come into more general use.
The apparatus consists of a steam cylinder about 8 inches long by 2 inches
in diameter, a small single-action balanced piston-valve being fitted to the
lower end.

The steam admitted through the valve is controlled by a spring motor,
consisting of a simple clock mechanism occupying a space about 6 inches
square. 1he motor is provided with a code-cam, or wheel, which makes
one revolution every two minutes, and can be set to actuate the valve
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admit steam to the cylinder, and raise the piston, producing blasts at such
intervals and of such length as shall have been previously determined.
The valve in the whistle is opened by means of a cord attached to the
lower end of the piston. The motor is self-winding, so that the machine
will continually run and give the required signal so long as steam is ad-
mitted. These signals are furnished for about $200 each.

“ The experiments made by the Trinity house in 1873—74 seem to show”
Price-Edwards says, “ that the sound of the most powerful whistle, whether
blown by steam or hot air, was generally inferior to the sound yielded by
other instruments,” and consequently no steps were taken to extend their
use in Great Britain, where several were then in operation. In Canadian
waters, however, a better result seems to have been obtained,as the deputy
minister of marine and fisheries, in his annual report for 1872, summar-
izes the action of the whistles in use there, from which it appears that they
ha_‘lre been heard at distances varying with their diameter from 3 to 25
miles.

The result of the experiments made by Professor Henry and General
Duane for the United States Light-House Board, reported in 1874, goes
to show that the steam-whistle could be heard far enough for practical
uses in many positions. Professor Henry found that he could hear a
6-inch whistle 7} miles with a feeble opposing wind. General Duane
heard the 10-inch whistle at Cape Elizabetn at his house in Portland, Me.,
9 miles distant, whenever it was in operation. He heard it best during a
heavy northeast snow-storm, the wind blowing then directly from him, and
toward the source of the sound. General Duane also reported that * there
are six fog-signals on the coast of Maine ; these have frequently been heard
at the distance of 20 miles ;” which distance he gives as the extreme limit
of the 12-inch steam-whistle.

TRUMPETS.

The Daboll trumpet was invented by Mr. C. L. Daboll, of Connecticut,
who was experimenting to meet the announced wants of the United States
Light-House Board. gI‘he largest consists of a huge trumpet 17 feet long,
with a throat 34 inches in diameter, and a flaring mouth 38 inches across.
In the trumpet is a resounding cavity and a tongue-like steel reed 10 inches
long, 2% inches wide, 1 inch thick at its fixed end, and half that at its free
end. Airis condensed in a reservoir and driven through the trumpet by
hot air or steam machinery at a pressure of from 15 to 20 pounds, and is
capable of making a shriek whicE can be heard at a great distance for a
certain number of seconds each minute by about one-quarter of the power
expended in the case of the whistle. In all his experiments against and
at right angles and at other angles to the wind, the trumpet stood first
and the whistle came next in power. In the trial of the relative power of
various instruments made by General Duane in 1874, the 12-inch whistle
was reported as exceeding the first-class Daboll trumpet. Beaseley reports
that the trumpet has done good work at various British stations, making
itself heard from 5 to 10 miles. The engineer in charge of the light-houses
of Canada says :

The expense for repairs, and the frequent stoppagﬁs to make these repairs during
the four years they continued in use, made them (the trumpets)expensive and un-
reliable. The frequent stoppages during foggy weather made them sonrces of danger

instead of aids to navigation. The sound of these trumpets has deteriorated during
the last year or so,
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General Duane, reporting as to his experiments in 1881, says:

The Daboll trumpet, operated by a caloric-engine, should only be emploved in ex-
ceptional cases, such as at stations where no water can be procured, and where from
the proximity of other signals it may be necessary to vary the nature of the sound.

Thus it would seem that the Daboll trumpet is an exceptionally fine in-
strument, producing a sound of great penetration and of sufficient power
for ordinary practical use, but that to be kept going it requiresskillful man-
agement and constant care.

THE SIREN.

The siren was adapted from the instrument invented by Cagniard de la
Tour, by A. and F. Brown, of the New York City Progress Works, under
the guidance of Professor Henry, at the instance and for the use of the
United States Light-House Establishment, which also adopted it for use as
a fog-signal. The siren of the first class consists of a huge trumpet, some-
what of the size and shape used by Daboll, with a wide mouth and a narrow
throat, and is sounded by driving compressed air or steam through a disk
placed in its throat. In thisdisk are twelve radial slits ; back of the fixed
disk is a revolving plate containing as many similar openings. The plate
is rotated 2,400 times each minute, and each revolution causes the escape
and interruption of twelve jets of air or steam throagh the openingsin the
disk and rotating plate. In this way 28,800 vibratiuns are given during
each minute that the machine is operated ; and, as the vibrations are taken
up by the trumpet, an intense beam of sound is projected from it. The
siren is operated under a pressure of 72 pounds of steam, and can be heard,
under favorable circumstances, from 20 to 30 miles. “ Its density, quality,
pitch, and penetration render it dominant over such other noises after all
other signal-sounds have succumbed.” It is made of various sizes or classes,
the number of slits in its throat-disk diminishing with its size. The di-
mensions given above are those of the largest.

The experiments made by General Duane with these three machines
show that the siren can be, all other things being equal, heard the farth-
est, the steam-whistle stands next to the siren, and the trumpet comes
next to the whistle. The machine which makes the most noise consumes
the most fuel. From the average of the tests it appears that the power of
the first-class siren, the 12-inch whistle, and the first-class Daboll trumpet
are thus expressed : siren 9, whistle 7, trampet 4 ; and their relative ex-
penditure of fuel thus: siren 9, whistle 3, trumpet 1.

Sound-signals constitute so large a factor in the safety of the navigator
that the scientists attached to the light-house establishments of the various
countries have given much attention to their production and perfection,
notably Tyndall in England and Henry in this country. The success of
the United States has been such that other countries have sent commis-
sions here to study our system. That sent by England in 1872, of which
Sir Frederick Arrow was chairman, and Captain Webb, R. N., recorder,
reported so favorably on it that since then “ 22 sirens have been placed
at the most salient light-houses on the British coasts, and 16 on light-
ships moored in position where a guiding signal is of the greatest service
to passing navigation.”

he trumpet, siren,and whistlc are capable of such arrangement that
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the length of blast and interval, and the succession of alternation, are
such as to identify the location of each, so that the mariner can determine
his position by the sounds.

In this country there were in operation in July, 1889, eighty-one fog-
signals operated by steam or hot air, and the number is to be increased in
answer to the urgent demands of commerce.

USE OF NATURAL ORIFICES.

There are, in various parts of the world, several sound-signals made by
utilizing natural orifices in cliffs, through which the wavesdrivetheair with
such force and velocity as to produce the sound required. One of the
most noted is that on one of the Farallon islands, 40 miles off the harbor
of San Francisco, which was constructed by General Hartmann Bache, of
the United States Engineers, in 1858—59, and of which the following is
his own description :

Advantage was taken of the presence of the working party on the island to make
the experiment, long since contemplated, of attaching a whistle as a fog-signal to
the orifice of a subterranean passage opening out upon the ocean throngh which the
air is violently driven by the beating of the wuves. The first attempt failed, the
masonry raixed upon the rock to which it was attuched being blown up by the great
violence of the wind-current. A modified plan with a safety-valve attached was

then adolned, which it is hoped will prove anent. * * * The nature of this
work called for 1,000 bricks and 4 barrels of cement.

Professor Henry says of this:

On the apex of this hole he erected a chimney, which terminated in a tnbe sur-
mounted by a locomotive whistle. By this arrangement a loud sound was produced
as often as the wave entered the mouth of the indentation. The penetrating power
of the sonnd from this arrangement would not be great if it depended merely on the
hydrostatic pressure of the waves, since this, under favorable circumstances, would
not be more than that of a column of water 20 feet high, giving a pressure of about
10 pounds to the square inch. The effect, however, of the percussion might add
considerably to this, though the latter would be confined in effect to a single instance.
In regard to the practical result from this arrangement, which was continued .in
operation for several years, it was found not to obviate the necessity of producing
sounds of greater power. It is, however, founded on an ingenious idea, and may be
susceptible of application in otner cases.

There is now a first-class siren in duplicate at this place.

The eighty-one steam fog-signals in the waters of the United States
bave been established at a cost of more than $600,000, and are maintained
at a yearly expense of more than $100,000. The erection of each of
these signals was authorized by Congress in an act making special appro-
priations for its establishment, and Congress was in each instance mov
thereto by the pressure of public opinion, applied usually through the
member of Congress representing the particular district in which the sig-
nal was to be located. And this pressure was occasioned by the fact that
mariners have come to believe that they could be guided by sound as cer-
tainly as by sight. The custom of the mariner in coming to this coast
from beyond the seas is to run his ship so that on arrival, if after dark,
he shall see the proper coast-light in fair weather, and, if in thick weather,
that he shall hear the proper fog-signal, and, taking that as a point of
departure, to feel his way from the coast-light to the harbor-light, or
from the fog-signal on the coast to the fog-signal in the harbor, and thence
to his anchorage or his wharf, And the custom of the coaster or the

Sound steamer is somewhat similar,
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LIGHT WITH FOG-BELL WAVE MOTOR.

There are many places where a light or a fog-bell or both would be
valuable aids to navigation, but where they have not hitherto been estab-
lished on account of the expense of building a structure to support a
keeper’s dwelling and tower. This device is intended for localities where
there is some wave motion, and which could be visited at least once every
three or four days, when a light is used, in order that the wicks may be
trimmed and the lamp refilled. It is not anticipated that the wave motor
which rings the bell would need such frequent attention. The structure
supporting the light and motor consists of six screw piles, a platform on
which a lens-lantern is placed and under which the bell is hung, and an-
other platform below on which is the motor, actnated by the vertical mo-
tion of a float. This float is gnided by the three interior piles so that
it can have no lateral motion, but only rise and fall with the waves.
The striking device consists of a horizontal shaft on which there are
three wheels; the center one is fixed to the shaft. To its periphery
rollers are attached which, as they pass under the prolongation of the
bammer-arm, raise it-and let it fall, thus ringing the bell. The other
two wheels are arranged with ratchets, so that they can move freely in one
direction, but when they revolve in the opposite direction they will move
the shaft with them, and consequently the center wheel mentioned above.
Two chains are attached to the float and pass over the last-mentioned wheel,
one from right to left, the other from left to right. To the free ends of
these chains are attached weights. The action is as follows: When the
float rises these two wheels revolve in opposite directions. One re-
volves the shaft, the other turns freely, being moved by the weights.
When the float falls these two wheels reverse their motien, being moved
by the float. The one which before turned freely now revolves the shaft
and the other turns freely. Whether the float rises or falls the shaft and,
of course, the fixed wheel are always turned in the same direction, and
thus the bell is kept continuously ringing so long as there is any wave
motion. Experiments show that a very slight wave motion will actuate the
device, and that when the waves are at all high the bell is rung violently
and frequently. The wave motor could be readily attached, at slight ex-
pense, to the existing screw-pile structures where the characteristics of the
stroke are not important, and could be so arranged that the keeper could
lift the float out of the water when there is no fog, and thus stop the
bell from ringing. This device is cheap, simple, and not liable to derange-
ment, and also has the advantage of being automatic in localities where
it is applicable. It is possible that its action might be stopped or that it
might be injured by the ice. Should an actual test prove this to be so,
there are still many places where it could be used during eight months of
the year on our Northern coasts and all the year roun(sg on the Southern
coasts.
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ABERRATIONS OF AUDIBILITY OF FOG-SIGNALS.

The excuse for here writing in the first person is that the following is
the substance of a paper read by your writer before the Philosophical Society
of Washington, D. C., and that which was republished by the United
States Government; that it was republished in various languages,in whole
orin part, and has received the indorsement in various ways of several
scientific bodies, and that it seems better to present it in the same form in
which it has heretofore appeared :

Among our erroneous popular notions is one which occasionally brings
practical men, even ship-masters, to grief. It is the idea that sound is
always heard in all directions from its source according to its intensity or
force, and according to the distance of the hearer from it. Instances of
this fallacy have accumulated, and they are emphasized by shipwrecks
caused by the insistance of mariners on the infallibility of their ears, who
have accepted unquestioned the guidance of sound signals during fog as
they have that of light-houses during clear weather. ’Ighl:a fact is, audition
is subject to aberrations, and under circumstances where little expected.
We have learned by sad experience that implicit reliance on sound signals
may, as it has, lead to danger if not to death.

The wreck of the steamer Rhode Island on Bonnet Point, in Narragan-
sett Bay, which happened on November 6, 1880, when a million dollars
in property was lost, was caused, it was said, by the failure of the fog-
signal on Beaver Tail Point to sound at that time. Thereupon the Light-
House Board, which has charge of the eighty and more fog-signals on our
coasts, made an investigation, which showed that the fog-signal was in
full operation when the wreck took place; but it also brought out the
fact that while there was no lack in the volume of the sound emitted by
the signal, there was often a decided lack in the audition of that sound, so
much so that it would not be heard at the intensity expected, nor at the
place expected ; indeed it would be heard faintly where it ought to be
heard loudly, and loudly where it ought to be heard faintly ; that it could
not be heard at all at some points,and then farther away it could be heard
better than near by ; that it could be heard and lost and heard and lost

in, all within reasonable ear-shot, and all this while the signal was in
full blast and sounding continuously.

The following table, A, will give the results obtained by the officer of
the Navy who investigated these phenomena, and reported to the Light-

House Board :
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TABLE A.—QObservations on Beaver Tail fog-signal, Rhode Island, made
on November 16, 1880, from a sail-boat.

[ Thermometer at beginning 58°, ending 67°; wind moderate from the west; weather clear and cold,
with a bright sun. Time, beginning 11.15 a. m. ]

Distance

from cecs
Beaver Tail I:}:;'::‘t
No. of observation. foglaiig’ in scale Remarks.
nal in
statate of 10.
miles.
) 10,
- ! 2
. J . | 1 1,
L 13 10 ,
L 1 1
- 1 0,
Teeeeecnionsranioaa. 1 0!
- R, ' 1 1 Close to Bonnet Point changed course and ran almost
due south.
[ 2R 13 1 1§ miles from last station,
b (. ! 1 0 One-%l:.ﬂer mile from last station.
D 3 ]
12....... ceceteecane 4 De.
18..ccriiieicaaae 10 Do.
) 1 3 10  About opposite Beuver Tail, one-balf mile from last sta-
| |  tion, and in the axis of trumpet.
. t 10 About one-half mile from last sta‘ion, and ruuning for
Newport, heading nearly northeast.
D - 1 10 | About oue-h:1f mile from last station.
| (R | 1} 5 Do.
{g ................. }i : % About one-quarter mile from laat station.
80 e 2, 1 | About one-balf wile from last station.
3 I 0 | About one-quarter mile from last station.
2’? .................. ' (2) Abouﬁ:no-balf mile from last station.
- 4 | 10 | About one-quarter mile from last station, just oft Fort
sws.
2 . 43 - 10 | Under the lee of Fort Adams.
g .................. 44 | g
N 4 3
- T 5 2 | Newport.

Figures 4,5, 6, and 7 were prepared from diagrams made and sent the
writer by the eminent chief of the French light-house service, Emile
Allard, inspecteur-général des ponts et chanssées, directeur du serviee
central des phares et balises. M. Allard made them from the diagrams
in the writer’s paper on the Aberrations of Audibility of Fog-Signals,
in which the intensity of sound at each point was indicated by Arabic
numerals in ascale of 10. The writer submits Allard’s diagrams, because
they convey the desired meaning better than do his own diagrams.

Last summer (1881) I had an opportunity while on a light-house
steamer to experience something of the variations in the audition of the
Beaver Tail fog-signal. When the steamer left the light-house landing,
the fog-signal was to sound for a given time, and to commence when the
steamer had reached a given point half a mile distant. When that point
was reached, we could see by the steam-puffs coming from the escape-pipe
that the signal was being blown ; but we could not hear its sound ; nor
did we, as we continued on our course, running away from the light sta-
tion for the next five minutes. When near to Whale Ruock, less than a
mile and a half distant from the signal, the steamer was stopped, silence
was ordered fore and aft, and we all listened intently. The expert naval
officers thought they heard a trace of the fog-signal, but my untrained ears
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failed to differentiate it from the moan of the whistling buoy close to us.
Yet the blasts of the 10-inch steam-whistle, for which we were listening,
can often be heard at a distance of 10 miles. .

F16. 3 —This diagram shows the rvsnlt of observations made by Licutenant-Commander Chadwick,
T.S Navy, on Beaver Tail fog-signal. Rhode lsland, made November 16, 1880, from a sail-boat. Ther-
mometer st beginning, 58° Fabr.: ending, 67°. Wind, moderate, frvm the west. Weather, clear and
cold, with bright sun. Time, beginning at 11.15a m.

Soon after I had another opportunity to further observe the operations
of this signal. We left Narmgansett Pier, Rhode Island, on August 6,
1881, at 4 p. m., 1n a dense fog, with a strung breeze from the W. 8. W,
and a heavy chop sea. We wished to ascertain how far the Beaver Tail
fog-signal could be heard dead to windward and in the heaviest of fogs.
At Whale Rock, 1} miles from it, we did not hear a trace of it. Then
the steamer was headed directly for Beaver Tail Point, and we ran slowly
for it by compass, until the pilot stopped the steamer, declaring we were
almost aboard of the signal itself. Every one strained his ears tohear the
signal but without success; and we had begun to doubt of our position
when, the fog lifting slighily, we saw the breakers in altogether too close
proximity for comfort. We passed the point as closely as was safe; and,
when abreast of it and at right angles with the direction of the wind, the
sound of the fog-signal broﬁc on us suddenly and with its full power.
We then ran down the wind to Newport, and carricd the sound with us all
the way. The fog continuing during the next day, the signal kept up its
sound, and we heard it distinctly and continuously at our wharf, though 5
miles distant.

On the night of May 12, 1881, about midnight, the Galatea, a pro-
peller of over 1,500 tons burden, with a full load of passengers and freight,
bound through Long Island Sound from Providence to New York,
grounded in a dead calm and a dense fog on Little Gull Island, about
one-eighth of a mile from and behind the fog-signal, and got off two days
later without damage to herself or loss of life or freight. gIt. was, as usual,
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alleged that the fog-signal, a steam siren at Little Gull light, was not in
operation at the time of the accident, and the Light-House Board, also
as usual, immediately ordered an investigation. This was made by the
assistant inspector of the light-house district, a naval officer, who reported
that, after taking the sworn evidence of the light-keepers at Little Gull
and the other light-stations within hearing distance, of other Govern-
ment officers who were, for the time being, so located that they might
have had knowledge of the facts, and of the officers of vessels that were
within ear-shot, including those of the Galatea, he reached the conclusion
that the fog-signal was sounding at the time of the accident; and that,
although the f%g-signal was heard at Mystic, 15 miles distant in another
direction, and although it was heard on a steam-tug a mile beyond -the
Galatea, that it was heard faintly, if at all, on that vessel ; and if heard
at all, was so heard as to be misleading, though the Galatea was but one-
eighth of a mile from the source of the sound.

This report is in itself full of interest. It appears that this officer spent
several days steaming around Little Gull while the fog-signal was in full
blast, in various kinds of weather, and that he foun§ the aberrations in
audition here were as numerous and even more eccentric than those before
mentioned as experienced at Beaver Tail. The results of his observations
are given in Tables Band C; and in each case the condition of the atmos-
phere as to humidity, pressure, temperature, and motion are shown, as is
also the then tidal condition.

TABLE B.—Fog-signal tests at Little Gull Island, Long Island Sound,
July 11, 1881,

[Time, 10 a. m.; wind, NNE, force 2; barometer, 20.77; thermometer, 61°; weather at commenoce-
ment, dark, overcast with squalls of Scotch mist from NNE. It began to clear at 11.80 a.m.)

| Distlnce! Pl

bl

* About one-half mile from Iast atation.
|

. | from Lit-
Timeof  tle Gull ' Intensity
No. of observation., obseerva- Island in scale Remarks.
tion. fog-signal of 10
in statute .
I miles.
A. m. |
D N 10 10 | 1 1
2iiiieaincncncancas 10 15 2 } Y i A faint murmur is pat at one-half of one, in
scale of 10.
Borvssesccieneaes 10 18 | 2 0
: .................. 10 25 g
Feecactcacaccaecees ceenn t About one-half mile from last station.
. R, 10 50 ] 1
- R PR 0
10.cceeiicenneacenec]iencncecnane 1 Deo.
} | R S 8 2 Do.
}g .................. 11 09 :’é% , g Changed course and ran a little S. of W.
) T P 1118 2 I 3
D L. 11 25 2 4
16 e 2 | s
17.. 11 35 2 7
18 5% | 7
D L R P, 1 8
20.eeiniiinncnnes 11 55 9 ‘
0
0
7
2

]
. .
[ )
.0
. e
. .
. .
. 8
.0
s 0
LI 3
.0
. .
L] .
s 0
..
.

.

.

.

.

o b
[
.
(-1
’ -3
.

—
L
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TABLE B.—Fog-signal tests at Little Gull Island, etc.—Continued.

No. of obsorvation."

| Distance
v from Lit-
Time of tle Gall

+ Intensit

observa- ' Island
tion. | fog-si
' in statute '
I miles.
|
A m.

of soun
in scale
of 10.

bt Pub

CCO=MNNNIB/OONVNW

Remarks.

Changed course.
| Faint murmar.
Changed course.

Almoaat weet of fog-sigual.

! Changed course.

St;)od northeast; sound graduslly increas-
ng.

Cbanged course.

| Lost the sound.

' Bartlett's Reef light-ship; wheels stopped
| and no sound.
I

Race Prt
Lzight Eo.*
AACE AOCK

Fid. 4.—This diagram shows the result of fog-signal {ests at Little Gull Island, Long Island Sound,

July 11, 1881, ‘Thwme, 10 a. m.; wind,

NE.; force, 3; barometer, 20.77; thermometer, 61° Fabr.

Weather at bogluning dark, overcast with squalls of Boottish mist from NNE. It began to olear af

11.80a. m



ABERRATIONS OF AUDIBILITY OF FOG-SIGNALS. 79

TABLE C.—Observations at Little Gull Island, Long Island Sound, July
15, 1881, commencing at 6.30 a. m.

[Thermometer, 50° Fahr.; baremeter. 23.80; wind, WN W, force 3. hauling to the westward and in-
creasing gradually.]

from L3t
Timeof e Gull IRtensity
No.of observation. obwerva- O e Remarks.
thom. fog-aignal md- 10
1 statute
miles. .
A m.
| DR 63 12 10
e eeeeeeiaas 6 57 21 10 Changed course, running S by W.}W.
: ............................ 5} & Aboat one-half mile from last station.
S eemnreeeanee eeeeneuns 23 7
B e eeaaae veve—. - 3: 4, .
L . 717 32 3 Changed course, running K.
T aeeteccacenceces comannacannn 33 2 About one-half mile from last station.
B e cemnnans 32 1 Do.
I 33 5 Deo.
i‘l' ................. 728 2: : Changed course, running N.by W.} W,
12 . eiacieccen cemcaccsecas 23 5 About one-half mile from last station.
B 2 5 Changed course, rumning W.
D U 7 50 23 5
) 1 RN 2 3
D 3{ 2
3 0

F16. 5.~This diagram shows the result of observations at Little Gull Island, Long Island Sound, July
15,1881, beginning at 630 a. m. Thermometer, 5§° Fahr.: barometer, 29.80; wind, WNW.; force. 3.
haunling wutwu& and increasing gradually.

On August 3 1 had an opportunity to hear this fog-signal myself, and
to note its audibility. The wind was from the south and very light ;
the air was damp, smoky, hazy, and, as the sailors say, hung low; the
barometer stood at 29.90 ; the tide was about flood. Our steamer was run
for 6 miles in the axis of the siren’s trumpet, which was sounded for our
benefit at its full force. Note was made every third minute in a scale of
10 of the intensity of the sound, and it was found that the audition de-
creased normally with the distance for the first 2 miles; at 2} miles it
had fallen off one-half; at 3 miles it had fallen to one-tenth its power ;
at 3} miles away we could hear but a faint murmur, and when 4 miles dis-
tant we had lost it completely ; and yet there seemed to be no reason why
we should not have heard it clearly at three times that distance.
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The next morning was ¢alm, but heavy with white fog, yet we heard
the Little Gull siren distinctly, though it was 10} miles off, as we lay at
our dock in New London. The steamer ran out of the harbor, but was
compelled to anchor, so thick was the fog; yet we heard Little Gull,
though 7} miles off, at a force of 6 in the scale of 10, and the sound was
so clear cut and distinct that we could differentiate it from the siren at the
New London light, which was much nearer to us. The steamer worked
round to inspect the neighboring lights, and we heard the Little Gull siren
when at North Dumpling light-station, 7 miles off, at a force of 6 ; at
Morgan’s Point light, 10 miles off, at a force of 5, and we continued to
hear it at an intensity of from 5 to 6 as we worked around among the other
lights, within a compass of 10 miles, till the fog broke and the siren ceased.

Opportunity soon occurred for making more critical experiments. On
a fine day we ran out to Little Gull, had the siren started under full steam,
and then, following out a pre-arranged programme, ran round Little Gull
Island in such way as to describe a rectangle of about 8 by 10 miles, its
longest side running nearly north and south. No fixed rate of speed was
maintained, but the steamer slowed, backed, or,stopped, as was necessary.
The atmosphere was what the sailors call lumpy, and Professor Tyndall
calls non-homogeneous. Professor Henry, when writing of a like condi-
tion, said: “As the heat of the sun increases during the first part of the
day the temperature of the land rises above that of the sea, and this ex-
cess of the temperature produces upward currents of air, disturbing the
general flow of wind, both at the surface of the sea and at an elevation
above.” Observations were made and noted in a scale of 10, of the
force or intensity of the signal’s sound as it reached us at the end of each
minute. The following (Table D) shows a sufficient number of the re-
sults for our purposes, taken from the tabulated schedule of our notes.
The table also shows the condition of the atmosphere during our observa-
tions,

TABLE D.—Observations at Little Gull Island, Long Island Sound, Aw-
gust 9, 1881, commencing at 10 a. m.

[Thermometer, dry bulb, 73°.09; wet bulb, 73° Fahr. Barometer, 20.77. Wind, SW.; force,3, Cir.
strat. clouds about the horizon.]
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At 4p. m.iwo of us went in a row-boat to Little Gull from the steamer
which lay to her anchor half a mile off, and verified the fact that the fog-
signal had been in full operation during the time of our observations by
the report of the steamer’s mate, who had been left there for that purpose.
It then occurred to us to investigate still more closely what appeared to
be a space—a circle of silence—in which we had, during the experiments
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F16. 8.—This diagram ashows the resvlt of observationa at Littls Gull Island, Long Island Sound,
August 9, 1881, beginning at 10 . m. Thermometer, dry bulb, 73.09°; wet bulb, 73° Fahr.; barometer,
29.77; wind SW., force 3. Cir. strat. clouds about the horizon.

of the morning, failed to hear thesignal. A fter having had the siren put in
full operation again, we pulled toward the nearer end of Great Gull Island,
the siren sounding meantime with earsplitting force. When about 600
yards away we suddenly lost the sound as completely as if the signal had
stopped. Pulling toward the steamer, not more than 200 yards, we
reached a position at right angles with the axis of the siren’s trumpet,
when we suddenly hear(% the sound again at its full force. Thus, in pnll-
ing 500 yards, we passed from complete audition of the signal to absolute
inaudition ; and then we passed back again to complete audition by pull-
ing 200 yards in another direction. All this took place within half an
hour 1n open water, always in full view of the signal station, and without
any visible obstacle being interposed or removed.

While on the island we learned that one of the light-house keepers,

1544 —6
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who had been on leave, had just returned from Sag Harbor, 20 miles
away to the southeast. He had failed to hear the signal at all until oppo-
site the eastern end of Great Gull Island, and until he was within balf a
mile of the siren which was in full operation.

On the next morning our steamer anchored about a mile north of Little
Gull; the wind was light, the air was clear, and the day was warm and
beautiful. As it had been preceded by a warm night the atmosphere was
homogeneous, and it was expected that we should have a day of normal
audition and barren of curions phenomena. After the siren had com-
menced its noise we ran down to a point within half a mile of the light-
house, and then steamed for Plum Island, runoing a little south of east
for 6 miles, when we returned as nearly as might be on our own track.
The results were curious. We lost half the force of the sound when
within a quarter of a mile of the siren; a moment later we had lost four-
fifths of it. Running another half mile we were off the middle of Great
Gull Island, and the sound had increased to a force of 4; in five minutes
more it had dropped to 3 ; from that on, until we reached the end of our
6-mile run, it gradually weakened, and it had dropped to a force of 2
when we turned and ran back to our anchorage. It is particularly curi-
ous that the sound had the same intensity at three-sixteenths of a mile
from its source, and at 6 whole miles from that point, while it varied from
2 to 10 in a scale of 10 between those points. The results of the trip are
more fully and exactly given in Table E.

Thinking that poszibly this peculiarity might have been induced by
those differences of temperature in the strata of the atmosphere suggested
by Dr. Tyndall as probable cause for such phenomena, effort was made to
ascertain something of these differences by sending a thermometer to the
upper air. In the course of the afternvon we made a kite some 6 feet high,
attached to it a self-registering thermometer, and after a number of trials
succeeded in getting it up about 500 feet, and in hauling it safely in again
after it had been up over an hour. The thermometer had a wet bulb, and
beside was protected from the direct rays of the sun ; but it registered only
half a degree more of heat at its highest point than it had done in the
pilot-house. The course the kite took showed no difference between the
air currents alow and aloft.

TABLE E.—Observations at Little Gull Island, Long Island Sound, August
10, 1881, commencing at 10.30 a. m.

[Dry bulb thermometer, 76°; wet bulb, 75°. Barometer, 29.40. Wind, W.by N., force 3, and steady
throughout. Day clear and beautiful.]
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The Light-House Board has known from the first that aberrations in
audibility might occur near any fog-signal. When the fog-trumpet
was set up at Beaver Tail Point in 1856, the Naval Secretary of the Board,
then Licutenant, now Rear-Admiral Jenkins, U. S. Navy, in company with
Mr. Daboll, its inventor, found, in returning to Newport, that they lost
the sound of the signal between Beaver Tail and Fort Adams, and re-
covered it again between the fort and Newport, as did later observers, and
that this failure to hear it did not result from any failure of the signal to
operate. ' '
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Fi16 7.—This diagram shows the result of obasrvations at Little Gull Island, Long Islane Sound, Au-
gust 10, 1881. beginning at 10.30 8. m. Thermometer, dry bulb, 76°; wet bulb, 75° Fahr.; barometer, .
29.40; wind W. by N., force 3, and steady throughouat. Day clear and beaatifal.

The Board’s publications show that Professor Henry, its scientific ad-
viser, had the subject for many years continuously under advisement, and
that between 1865 and 1878 many experiments were made, and various
reports on them were submitted to the Board as to the use and value of
its several kinds of fog-signals. In 1870 the Board directed General
Duane, of the U. S. Engineers, to make a series of experiments to ascer-
tain the comparative value of its different signals. In his report the gen-
eral said, speaking of the steam fog-signals on the coast of Maine:

There are six steam fog-whistles on the coast of Maine; these have been fre-
quently heard at a distance of 20 miles, and as frequently can not be heard at the dis-
tahnce of 2 miles, and this with no perceptible difference in the state of the atmos-
phere.

The signal is often heard at a great distance in ove direction, while in another it will
be scar 'ely audible at the distance of a mile. This is not the effect of wind, as the
signal is frequently heard wmuch farther against the wind than with it; for example,
the whistle on Cape Elizabeth can always be distinctly heard in Portland, a distance
of 9 miles, during a heavy northeast snow-storm, the wind blowing a gale directly
from Portland toward the whistle.

» » L4 » » L d »

The most perplexing difficulty, however, arises from the fact that the signal often
appears to be surroundesd by a belt, varying in radius from | to 14 miles, from which
the sound appears to be entirely absent. Thus, in moving directly from a station,
the sound is andible for the distance of a mile, is then lost for about the same dis-
tance, after which it is again distinctly heard for a long time. Thisaction is common
to all ear-signals, and has been at times observed at all the stations, at one of which
the signal is situated on a bare rock 20 miles from the main land, with no surround-
ing objects to atfect the sound.*

Professor Henry, in considering the results of General Duane’s experi-
ments and his own, some of which were made in company with Sir Fred’k
Arrow and Caﬁtain Webb, H. B. M. Navy, both of the British Light-

House Establishment, who were sent here to study and report on our fog-

* Annual Report Light-House Board, 1574, pp. 99-100,
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signal system, formulated these abnormal phenomena. He said they con-
sisted of:

f(1) The audibility of a sound at a distance and its inaudibility nearer the sourne
of sonnd.

(2) The inandibility of a sound at a given distance in one direction, while a lesser
sound is heard at the same distance in another direction.

(3) The audibility at one time at a distance of several miles, while at aunother the
sound can not be heard at more than a fifth of the same distance.

(4) While the sound is generally heard further with the wind than against it, in
some instances the reverse is the case.

(5) The sudden loss of a sound in passing from one locality t» another in the same
vicinity, the distance from the source of sound being the same.*

These experiments were not coufined to our own shores. Dr. Tyndall,
the well-known English physicist, who stood in the same relation to the
British Light-House Establishment that Professor Henry did to our own,
writes :

With a view to the protection of life and property at sea, in the years 1873 and
1874 this subject received an exhaunstive examination, observational and experi-
mental. The investigation was conducted at the expense of the Government, and
under the auspices of the Elder Brethren of the Trinity House [the governing body
of the British Light-House Establishment ].

The most conflicting results were at first obtained. On the 19th of May, 1873, the
sound range was 3} miles; on the 20th it was 5¢ miles; on the 2d of June, 6 miles;
on the 3d, more than Y miles; on the 10th, 9 miles; on the 25th, 6 miles; on the 26th,
9} miles; on the 1st of July, 124 miles; on the 2d, 4 miles, while on the 3d, with a
clear, calm atmosphere and smooth sea, it was less than 3 miles.t

The officer who made the reports as to the fog-signals at Beaver Tail
and Little Gull, after the accidents to the steamers Rhode Island and
Galatea, heretofore mentioned, was the assistant Inspector of the third
light-house district, Lieut. Commander F. E. Chadwick, U. S. Navy,
and it was he who had charge of the light-house steamer while the fore-
going observations were being made, after Capt. (George Brown, U. S.
Navy, the Inspector—to whom I am indebted for many courtesies on this
trip—was called elsewhere by other official duties. Mr. Chadwick brought
to this work an unbiased mind, trained in the severest schools of scientific
investigation. His object in all his experiments was simply to ascertain
the exact truth for practical official purposes. He had not proposed, even
to himself, to make any generalizations from his observations. But he
kindly answered certain of my questions as to the opinions which had
forced themselves upon him, and his answers are here set down for the
consideration of those who use these fog-signals overmuch as a guide for
their ships:

It seems to me [ he said ] that navigators should understand that when attempting
to pick up a fog-signal attention must be given to the direction of the wind, and
that if they are to windward (in a moderate breeze) the chances are very largely
against hearin% it, nnless close to; that there is nearly always a sector of about 120°
to windward of the signal in which it either can not be heard at all or in which it is
but faintly heard. Thus, with the wind east-southeast, so long as they are bearin
from the signal between northeast and south, thereis » large chance that the signa
will not be audible until it is very close,

As they bring the signal to bear at right-angles with the wind, the sound will
almost certainly, in the case of light wind, increase, and it will svon assuwme its nor-
mal volune, being heard almost without fail in the leeward semicircle.

Fog, to my mind, and so far as my experience goes, is not a factor of any conse-
quence whatever in the question of sound. Signals may be heard at great distances

* Light House l'ioar«’lﬂzi;;nu-llkR(;p—;).l't.- 1875, p. 106.
t Sound, by Tyndall: 3d ed., English, p. 324.
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through the densest fogs, which may be totally inaudible in the same directions and
at the same distances in the clearest atmosphere. It is not meant by this last state-
ment that the fog mnay assist the sound; as at another time the signal may be abso-
lntely inaudible in a fog of like density, where it had before been clearly heard.
That fog has no great effect can easily be understood when it is knowu (as it certainly
is known by observers), that even snow does not deaden sound, there being no con-
dition of the atmosphere so favorable for the far reaching of sound signals as is that
of a heavy northeast snow-storm, dne supposably to the homogeneity produced by the
falling snow.

It seems to be well established by numerous observations “hat on our own north-
ern Atlantic coasts the best possible circumstances for hearing a fog-signal are in a
northeast snow-storm, and, so far as these observations have extended, they seem to
point to the extraordinary conclusion that they are best heard with the observer to
windward of the signal; and that in light winds the signal is best heard down the
wind, or at right angles with the wind.

The worst conditions for hearing sound seem to be found in the atmosphere of a
clear, frosty morning on which a warm sun has risen and has been shining for two or
three hours.

The cuorve of audibility in a light or moderate breeze, in general, is similar to that
plotted by Professor Henry, as in the accompanying diagram,

Wind.

I think it is established that there are two great causes for these phenomena, non-
homogeneity of the atmosphere and the movement of the wind ; how this latter acts
no one can say. The theory of retardation of the lower strata of the atinosphere near
the earth’s surface, as advanced by Professor Stokes, of England.” seems good for
moderate winds, but it hardly holds in cascs where the siren is heard from 18 to 20
miles to windward during northeast gales.

While the mariner may usually expect to hear the sound of the average
fog-signal normally as to force and place, he should be prepared for oc-
casional aberrations in audition. It is impossible at this point in the in-
vestigations which are still in progress to say when, where, or how the
phenomena will occur. But certain suggestions present themselves even
now as worthy of consideration.

SUGGESTIONS.

It seems that the mariner should, in order to pick up the sound of the
fog-signal most quickly when approaching it from the windward, go aloft,
and that when approaching it from the leeward the nearer he can get to
the surface of the water the sooner he will hear the sound.

It also appears that there are some things the mariner should not do.

He should place no negative dependence on the fog-signal; that is, he
should not assume that he is out of hearing distance because he fails to
bear its sound.

He should not assume that because he hears a fog-signal faintly he is at
a great distance from it.
“See Henry on Sound, p. 533; or Smithuoniatﬁ%eport, 15878, p. 533 ; or Light-House

Board Report for 1875, p. 120. See Henry on Sound, p. 512, and Taylor in Am. Jour,
8oi., 3d series, Vol. x1, p. 100; also Rept. Brit. Assoc., XxIV, 2d part, p. 7.
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Neither should he assume that he is near to it because he hears the
sound plainly.

He should not assume that he has reached a given point on his course
because he hearsthe fog-signal at the same intensity that he did when form-
erly at that point.

Neither should he assume that he has not reached this point because
he fails to hear the fog-signal as loudly as before, or because he does not
hear it at all.

He should not assume that the fog-signal has ceased sounding because
he fails to hear it even when within easy ear-shot.

He should not assume that the aberrations of audibility which pertain
to any one fog-signal pertain to any other fog-signal.

He should not expect to hear a fog-signal as well when the upper
and lower currents ot air run in different directions; that is, when his
upper sails fill and his lower sails flap, nor when his lower sails fill and

his upper sails flap.

He should not expect to hear the fog-signal so well when between him
and it is a swiftly flowing stream, especially when the tide and wind run
in opposite directions.

He should not expect to hear it well during a time of electric disturb-
ance.

He should not expect to hear a fog-signal well when the sound must
reach him overland, as over a point or an island.

And, when there is a bluff behind the fog-signal, he should be prepared
for irregular intervals in audition, such as might be produced could the
sound ricochet from the trumpet, as a ball would from a cannon ; that is,
he might hear it at 2, 4, 6, 8, and 10 miles from the signal, and lose it at
1,3, 5,7,9, and 11 miles distance, or at any other combination of dis-
tances, regular or irregular.

These deductions, some made, as previously mentioned, by several of the
first physicists of the age, and some drawn from the original investigations
here noted, are submitted for consideration rather than given as directions.
They are assumed as good working hypotheses for use in further investi-
gation. While it is claimed that they are correct as to the localities in
which they were made, it seems proper to say that they have not been dis-
proved by the practical mariners who have given them some personal con-
sideration, and who have tried to carry them into general application.
Hence these suggestions have been set down in the hope that others with
greater knowledge and larger leisure mmay give the subject fuller attention,
and work out further results.

If the law of these aberrations in audibility can be evolved and some
method discovered for their correction, as the variations of the compass
are corrected, then sound may be depended upon as a more definite and
accurate aid to navigation. Until then, the mariner will do well when he
does not get the expected sound of a fog-signal, to assume that he may
not hear a warning that is faithfully given, and then to heave‘his lead, and
resort to the other means used by the careful pavigator to make sure of
his position. :
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These suggestions, which have been republished many times and in vari-
ous languages, without so far as is known evoking any hostile criticism,
appeared on the Pilot Chart of the North Atlantic ()cean, issued in Au-
gust, 1889, by the U. S. Navy Department, with the following heading:

Fog-signals.—Recent reports of the seeming failure of certain fog-signals render it
desirable to give the conclnsions of an expert on thissubject. We extract the follow-
ing from a paper read before the Philosophical S8ociety of Washington, October, 1881,
by Mr. Arnold B. Johnson, chief clerk of the Light-House Board.

A paper which your writer submitted to the Philosophical Society of
Washingtoun, subsequent to the foregoing, was also printed, and there is
made from it certain extracts, as they embody the results of further exper-
iment and riper discussion of the subject.

M. Allard, director of the French Light-House Service, in his ¢ Mémoire
sur la Portée des Sons et sur les Caractéres & attribuer aux Signaux sonores,”
recently published by his Government, records some curious experiments
with various fog-signals made in France, Germany, and England, as well
as in this country. He has compared, in tabular form, the results of these
experiments, and gives the range of sound of each instrument under a
variety of conditions, taking into consideration the intensity and pitch of
the sound, the direction and force of the wind, and its angle of action on
the phonic beam. He has established a mathematical formula for the cal-
culation of the range of the sound of each instrument, under certain given
circumstances, in which he expresses what he styles the acoustic trans-
parency of the atmosphere by a co-efficient, and he has also expressed
graphically the set of results obtained, thus assisting largely the intelligent
discussion of the general subject.

Tillamook Rock light and fog-signal station is on an isolated rock
about half a mile west of the coast of Oregon, and about 20 miles south of
the mouth of Columbia River. The signal isa steam-siren. The surface
of the rock is about 86 feet above the water, and the trumpet, which points
almost westward, has an elevation of fully 100 feet. Colonel Gillespie, of
the Corps of Engineers, U. S. Army, who built the tower and put in the
illuminating and fog-signal apparatus, tested the latter, steaming to the
west directly from it on a clear bright day, and found that the sound be-
came practically inaudible at a distance of 2 miles. In a letter addressed
to your writer, dated November 6, 1882, he wrote:

My first attention was called to the defects of audibility by the captain of the SAu-
brick, who stated, in May, 1881, that, when anchored in & small bight south of the
rock near Arch Rock and about 1 mile distant, he could hear the sound but faintly.
On my next visit I directed the engineer to get up steam, and when he had a pressure
of 50 pounds, to whistle and then set the machinery in motion. On receiving the
signal, I made a circait of the rock and then proceeded westward under slow bell,
recording my distance by interval of sonnd at each blast. At 2 miles the sound be-
came quite weak, and a1, the next blast no sound was received. Our engine was not
stopped when receiving the sound, and my station was aft, quite near the propeller;
the day was bright and clear, without any wind. The temperature was 65 degrees
or thereabout; don’t know the barometer reading. On receiving the next sound, the
boat was at rest, that is, just as soon as the puff was noticed the engine was stopped,
and we waited for the sound. A very faint sound wae noticed np to 4 miles, and be-
yound tha* nothing was heard.

I was then on the point of returning to the rock to examine the machinery person-
ally, when it struck me that I ought to go out to the estimated limit of the range.
On resuming our course, notbing was heard until we were out 7 miles approximately,
when the sound became andible again—a clear, resonant sound, but low-toned. We
carried this characteristic sound for another 4 wmiles, when it likewise disappeared.

The engineer afterward told me that he carried at least 60 pounds of steam. It was
growing late, and as the sea and rising winds gave promise of a squall, we hurried
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back to get inside of the bar. ®* * * The sea-captains on the iron vessela plying
to San Frarcisco reported later that they were able to hear the sound at a distance of
8 miles. * * * My impression is that the cliffs of the east side are too far distant
to affect the sound one way or the other. I have never heard an echo there, and I
believe that the distance is too great to have the noise of the surf upon the rocky
beach deaden the sound seaward of the station.

The ends of the trumpet are bent toward the borizon, terminating in bell-shaped
lips. The sound is propagated therefrom in a horizontal plane, and previous exper-
ments have shown that the sound produced is as strong as if the whole trumpet lay
horizontally.

This is quoted as showing that the sound, which on one occasion inter-
mitted at 2 miles from its source, was heard faintly at 4 miles, and then
again distinctly at 7 miles, and was carried out to 11 miles, when the
steamer turned back without ascertaining how much farther the sound
might be carried. This is deemed a peculiar and important instance, as
there was practically no land or other thing in front of the source of sound,
unless it be an opaque cloud from which the sound could rebound, or which
could cast a sound-shadow, for hundreds of miles.

Some curious experiments have taken place off Whitehead light and
fog-signal station, which is in the Atlantic, on a small island, about 1§
miles from the coast of Maine. The fog-signal is on the southeastern slo
of the rock, and about 75 feet above mean tide. The phenomena oll:‘f
served by Professor Henry consisted in great variation of intensity of
sound while approaching and receding from the station. One instance
occurred during a thick night fog in 1872, when, approaching the station
in the steamer City of Richmond at a distance of 6 miles, the fog-signal,a
10-inch steam-whistle, was distinctly heard and continued to be heard
with increasing intensity until within 3 miles, when the sound suddenly
ceased to be heard, and was not heard again until the steamer was within
a quarter of a mile of the station, though it was known that the signal had
been sounding during the whole time. The wind was from the south, or
almost opposed to the sound, but during the whole of this time the fog-
signal keeper could hear the sound of the steamer’s 6-inch whistle.

Commander H. F. Picking, U. S. Navy, then Inspector of the first
light-house district, having %requent]y received complaints from ship-
masters that they lost the sound of the Whitehead fog-signal, determined
to ascertain the facts by personal investigation, and in July, 1877, ap-
proached Whitehead from the southeast during a fog. He reports that
he heard the sound distinctly from 6 to 4 miles, then lost it, and could
bear nothing until within a quarter of a mile of the island, when the blast
of the whistle burst forth in full sound. The wind was then against the
sound.

Previously, General Duane, since Chief of the Corps of Engineers, U.
S. Army, then Engineer of that light-house district, reported that, ap-
proaching the signal from the southwest, he heard the sound at about 6
miles’ distance, then lost it, and did not hear it again until within about
a quarter of a mile. The wind was then also against the sound.

On September 4, 1877, Professor Henry, secretary of the Smithsonian
Institution, and chairman of the Light-House Board, made further ex-
periments at Whitehead. The weather was clear, the wind west-south-
west, with a velocity of from 10 to 12 miles, remaining nearly constant
during the day. The barometer stood at 28.9; the thermometer at 67°
Fahr. in the open air, and about 57° in the water. As they steamed from
the station directly to windward, the sound slightly diminished. When
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they were between a quarter and a half' mile distant, they lost the sound
completely, and it continued inaudible for about a mile, when it was faintly
heard, and continued to increase in loudness until they were 4 miles off,
when it was heard with clearness, but on going on, it diminished gradu-
ally. They then went back over their course, and observed the phenom-
efla in the reverse order. Experiments tried on three other days showed
curious results, which differed somewhat from those previously made, of
which a full report is given in the Annual Report of the Light-House
Board for 1877, together with Professor Henry’s views as to the cause
of each observed phenomenon. A full account of the matter is also given
in the book entitled “ Henry on Sound.”

Col. C. E. Blunt, Corps of Engfineers, U. S. Army, then Engineer of
the first light-house district, was also at a later date struck by the pecu-
liarity in the audition of the sound from this signal. Writing to your
writer from Portland, Me., on September 28, 1882, he said :

The peculiarities of Whitehead whistle have already been noted. Quite recently
I have myself noted one of them. Leaving there for Portland, in the Myrtle, early
on the morning of the 2d instant, the whistle having been blown during fog part of
the previous night for the first time, with its new characteristics (four-second blast
and twenty-six-second interval), the keeper kept it going for a short time after the
weather bad cleared, as I wished to test it. It was bright sunshine, with the light
air from the sontheast, I think. Leaving the Head, the whistle was plainly heard for
2 or 3 miles; when, still in plain sight, the sound began to grow fainter, and at length
was quite inandible, though it was plainly blowing. In afew minutes the sound was
again faintly heard, and, increasing in volume, soon came out in full force, and so

ozminned. It was clearly deflected upward, and then downward, as I imagined,
thue:
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F16. 8.—BLUNT'S DIAGRAM.

With regard to snow, it is thou%hb by seamen in this vicinity that it is favorable
to sound ; certainly, Portland Head trumpet is very distinctly heard here during vio-
lent northeast snow-storms, when it is directly to the leeward.

Professor Henry made observations at a number of light-stations for
various purposes connected with the investigation of the laws of sound,
from his report of which it appears that he noted a number of 1nstances of
remarkable aberrations of audition of several fog-signals. These are re-
corded at length in “ Henry on Sound,” in the reports of the Light-
House Board of 1874-'75, and in the reports of the Smithsonian Institu-
tion for several years.

The experiments were not confined to our own shores. Professor Tyn-
dall, who stood in the same relations with the British Light-house estab-
lishment that Professor Henry did to our own, reported thus :

With a view to the protection of life and property at sea in the years 1873-'74, this
sabject received an exhaustive examination, observational and experimental. The

investigations were conducted at the expense of the Government, and under the an-
spices of the Trimty House. The most conflicting results were at first obtained. On
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the 19th of May, 1873, the sound range was 3¢ miles; on the 2uth it was 5§ miles; on
the 2d of June, 6 miles; on the 3d, more than 9 miles ; on the 10th, 9 miles; on the
25th, 6 miles ; on the 26th, 9} miles ; on the 1st of July, 12} miles ; on the 2d, 4 miles;
while on the 3d, with a clear, calin atmosphere and smooth sea, it was less than 3
miles.

From the letters received from officers of the navy and of the merchant
marine service, also from officers of the English, Scotch, aud French light-
house establishments, it is evident that public attention is being given to
the subject, and that observations are being made as to such aberrations
simultaneously in various parts of the world.

Dr. Welling, president of Columbian University, in a paper read before
the Washington Philosophical Society, November 5, 1881, said :

In a paper presented to the Royal Society in 1874, Professor Reynolds showed that
the form of the sound-wave is liable to flexure from changes in the temperature of
the atmosphere, as well us from the unequal moétion of the wind. These abnormal phe-
nomena of sound, considered in connection with the hypothesis of Professor Stokes, as
enlarged and applied by Professor Henry, may be reduced in the following generali-
zations, which, 1f accurate in point of logical form and true in point of the facts to
which they are applied, may be stated nuder the gunise of aphorisms, as follows :

(1) Where the condition of the air is nearest that of a calm, the larger will be the
carve of andition, and the nearer will the shape of the curve approach to a circle, to
which the point of origin of the sound, or the point of perception, will be the center.
(This aphorism is state 1 abstractly from any consideration of temperature retraction,
which, so far as it exists, will always tend to modify the shape of the curve of audi-
tion.)

(2) Apart from all consideration of temperature refraction, a sound will be heard
fartbest in the direction of a gentle wind, becanse the portion of the sound-wave
thrown down from above, in this case, is reinforced by the souud reflected from the
surface, and will thus inore than compensate for the loss by friction.

(3) Other things being equal, the area of andition will be proportionately dimin-
ished in the case of sounds moving against winds more or les« strong, because the so-
norons waves will be refracted above the ears of the observer.

(4) The area of audition will be diminished in the case of a sound moving with an
overstrong favoring wind, because the sound-waves in this case will be so rapidly
and strongly thrown to the ground that the inteusity of the sound will suffer more’
diminution from absorption and friction thun can be supplied by the upward reflec-
tion of the sonnd-rays coospiring with the gradual downward flexure of the sound-
waves, as in the case of a gentle favoring wind.

(5) Sounds moving against a geutle wind will, celeris paribus, be heard farther than
similar sonnds moving with an overstrong favoring wind, for reasons already im-
plied, because the downward flnxure of the sound-waves, being excessive in the lat-
ter case, tends to extinguish the conditions of audibility more rapidly than is done
by the slight upward retraction in the former case.

(6) When sounds moving against the wind are heard farther thau similar sounds
moving with a wind of equal strength, it is because of a dominant upper wind blow-
ing at the time iu a direction opposite to that at the sarface.

(7) A sound moving against the wind, and so refracted as in the end to be thrown
above the head of the observer, will, at the point of its elevation, leave an acoustic
shadow. But this acoustic shadow, at a still further stage, may be filled in by the
lateral spread of the sound-waves, or may be extinguished by the downward flexure
of the souud-waves, resulting from an upper current of wind moving in an opposite
direction to that at the surface, or resulting in a less degree fromn an upper stratnm
of still air. Under these circumstances, there will be areas of silence inclosed withia
areas of audition.

(3) As sounds may be refracted either by wind or by chauging temperatures, or by
both combined, it follows that, under mmauy circumstances, a sound lost at one eleva-
tion may be regained at a higher elevation.

(9) Assounds moving against the wind are liable to become inaudible (by Leing
tilted over the head of the observer), even before their intensity has been extin-
guished, we may find in this fact an explanation of the statement made by Reynolds
that ‘‘ on all occasions the effect of wind seems to be rather against distance than
distinctness.”

(10) Assounds may be inaudible at certain distances and elevations, without bein
wholly extinguished, it follows that the comparative inaudivility of sounds at dif-
ferent times can not always be cited as an evidence of their relative intensities. The
compgrative inaudibility may be a function of variable refraction, rather than of
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variable intensity. Hence the law of inverse sqnarcs, thongb perfectly true in its
theoretical application to the measurementof the intensity of all sounds, cannot always
be legitimately used to calculate backward from the aundibility of a sonund, as empir-
ically ascertained at a given point and elevation, to its relative intensity as pre-
viously heard at the same point and elevation. .

(11) The hypothesis of Stokes, as applied by Henry, does not exclude the hypothe-
8is of Humboldt, but reduces the latter to a very subordinate and inappreciable place
in interpreting the abnormal phenomena of sound.

(12) The hypothesis of Stokes, as applied by Henry, does not exclude the reasoning
or the experimental proofs by wnich Professor Reynolds demonstrates that differences
in temperature exert a refracting power in sound, but finds in that refraction an in-
fluence which may sometimes accelerate and sometimes retard the refraction produced
by wind.

The following authorities were consulted in the preparation of this
paper: '

¢ Documents relating to Light-houses,” vol. i ; Annnal Reports of the Light-house
Board; Parliameuntary Papers, 1864; Stevenson’s ¢ Light-house Illumination;”
Tyndall on ¢ Sound; ” “ Transactions of the Royal Scottish Society of Arts,” vol. vi;
‘“Coast Fog-signals,” a lecture at the Royal Unitcd Service Institution, by Alexan-
der Beazeley; “ Signaling by means of Sound,” a lecture by E. Price-Edwards;
‘¢ Philosophical Society’s Transactions,” vol. xxvi; ‘“Annales de Chimie et de Phy-
sique,” tome xiii, and 1816, vol. i; * Wirkungen aus der Ferne;” ‘ Encyclopadia
Metropolitana;’ ‘“ Smithsonian Reports an: Miscellaneous Collections;” Henry on
*“Sound;” ‘ Proceedings of the British Association,” 1857 : * Washington Philo-
sophical Society’s Transactions,” vol. v; Dnbhin ¢‘ Philosopnical Magazine,” vol. 1;
‘‘American Jouinal of Sciences,” third series, vol. xi; ‘‘ Reports of the British Asso-
ciation,” xxiv, second part; ¢ Phares Elcctriques et les Signaux Sonores,” par MM.
Sautter et Lemonnier; ‘‘ Mémoire sur la Portée des S8ons et sur les Caracteres i attri-
buer aux Signaux Sonores,” by Emile Allard.

'From these experiments and discussions, and others subsequently made,
which it is unnecessary to go into here, your writer has reached the con-
clusion that while the unassisted ear could not locate the source of sound
or the direction from which it came, yet, that like the eye, the ear can be
aided by mechanical contrivances until it shall be able to do both.

After much correspondence and research your writer found that a num-
ber of appliances had been invented, any of which might, if properly used,
prevent collisions between ships at sea in darkness or fog.

These views are embodied in the following paper, which your writer
read before the American Association for the Advancement of Science, at
its meeting in New York City, in August,1887. The substance of the paper
was subsequently printed in the Popular Science Monthly for May, 1888,
and still more lately was translated into the Spanish and was published at
Madrid in the Revista Geoeral de Marina for July, 1888. In that paper
your writer advocated the remission of this and similar questions to an
International Marine Congress, and your writer is now able to congratu-
late the commercial world, as that Congress was called and is soon to
meet in this city.



CaarTer X.

THE DIFFICULTY IN DETERMINING THE SOURCE OF THE SOUND
OF FOG-SIGNALS AT SEA—HOW TO REMEDY THE DIFFICULTY.

The difficulty in determining the true and exact direction of the sounds
we hear meets us in various ways. The hunter hears the note of a bird,
the hiss or whistle of a deer, and the sound indicates identity and proxim-
ity, but not direction. The hunter waits for repeated renewal of the sound
to ascertain its exact position, and even then verifies his audition by his
vision. The hunter by his camp-fire may aim between the luminous dots
of reflected light, which he knows to Le the eyes of a wolf, but he would
scarely be able to aim at or even very near that spot on simply hearing
the howl from the wolf that owns the eyes.

The plainsman hears a shout in the distance. He may recognize it as
the voice of a comrade and fix the general direction as north, east, south,
or west, but hardly more. He may shout back, and the two may come
together ; but if it be dark and there is no fire or other signal, the shout-
ing back and forth must be frequently repeated, and varied from a simple
to a complex sound, that each may correct the error of his own audition,
eliminate his personal equation, and the sound will appear to swing, pen-
dulum-like, nght and left, with shorter and shorter stroke, till the com-
rades come together.

The average child, returning from school, on entering the house calls,
“Mamma!” The mother, perhaps, replies, * Yes!” ¢ Where are you ?”
is the next question, and the reply informs the child not only as to the
floor, but as to the room in which the mother can be found. The child
can not determine its mother’s location by the sound of her voice. This
exaggerated instance may be owing to the reflection of the sound, not
only from the walls, but from the strata of air differing in temperature
and humidity.

How many of us going to the next street, running at right angles to
the car-tracks, can tell, from hearing the bell of the approaching street-
car before the car comes in sight, whether that car is going north or
south? It does not seem that animals can determine the direction of
sound much better than man. The sleeping dog, roused by his master’s
call, is all abroad as to his master’s location, and determines it by sight or
scent, or both, frequently running in several different directions before
hitting the right one. The deer, on being startled by the unseen hunter’s
tread, is not always right in his selection of the route to get out of harm’s
way. A flock of geese, ducks, or other birds, on hearing a gun, is as
likely to fly toward as from the sportsman, if he has kept entirely out of
gight and the flash of his piece has not been seen.

92
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It is a question whether the blind are better able to determine the di-
rection of sound by ear than are seeing people. It is possible that their
senses of touch and smell are so highly developed that their instantaneous
action with that of the ear give them a decided advantage over seeing people
in this matter. I have known a blind man to be so sensible of the current
of air put in motion by the speaking of a single word in a room that he
could select the speaker by his location though others were present. So,
too, I have known a blind man to locate ang identify the various people
in the room, he saying he did it by the different scent evolved from each,
the seeing people there not being sensible of any scent from any one.
And yet he, when standing in the middle of the room with his nose
stog , could not give the direction of one single speaking person.

rof. Alexander Graham Bell reports, in a paper he read before the
American Association for the Advancement of Science, at Saratoga, in 1879,
a series of experiments in binaural audition, showing, among other things,
that direction can not be appreciated by monaural observation; that when
the source of sound is at the nadir of the observer, the perception of its
direction is absolutely unreliable, and that not one of the many on whom
he tried the experiment had the slightest idea of the true direction of a
sound produced beneath him.

We are so much accustomed to the aid of our other senses, especially
that of sight, that we incline to give more value to audition in determining
direction than it deserves. That is one reason why we err so largely when
so placed that the eve can not correct the error of the ear; in fact, many
people seem to be unaware that they have any inability té locate sound by
the ear until they have learned the fact by experience, and even then they
ap to consider marked instances as abnormal.

t is sufficiently easy to account for aberrations of audition as to the
direction of sound from objective causes,such as reflection, diffraction, and
deflection of sound waves. But it may also often be accounted for by
what Professor Henry called subjective causes, such as induce belief that
an anticipated sound has come from a specified direction. when it has
really come from quite another direction. Here the personal equation
of the listener must be largely taken into consideration. The success of
the ventriloquist may also depend upon subjective causes.

President Welling tells us something of how Professor Henry, when at
Princeton, induced subjective causes in his pupils, to their bewilderment,
making them believe, for the moment, that a given sound came from a
specified corner of the class-room, when it really came from quite a differ-
ent direction.

Mariners are beginning to accept the fact that they may errin assigning
the true direction to sound ; but their ideas on the subject are still vague
and indeterminate. Hence occur collisions between ships at sea, and law-
suits between their owners on shore. The collision at 10 p. m. on Sep-
tember 21, 1882, between the Dutch steamer Edam and the British
steamer Lepanto, on George’s Bank, Atlantic Ocean, when the former was
sunk by the latter, resulted in a suit in the United States district court at
New York City, in which the case turned on an erroneous location of the
FEdam by the Lepunto, on hearing the sound of her fog-horn. The court
dismissed the case with costs, holding that “an error of five points in
locating a vessel’s position by the sound of her whistle in a fog is not
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necessarily a fault under the proved aberrations in the esurse of sound.”
The judge, in his decision, quotes, among others, papers read before the
Washington Philosophical Society as his authority for certain statements
he makes as to these laws of sound bearing on the case.*

As it seems evident that the unassisted ear is likely to err in determin-
ing the location of sound, the question arises, Can the ear be aided in this
matter ? Apparently this is possible. Professor Mayer, of the Institute
of Technology at Hoboken, N. J., has, to a certain extent, solved this
problem by the construction of an instrument called the ‘topophone,”
by the use of which Professor Morton, President of that Institute and a
member of the Light-House Board, was enabled to locate within ten de-
grees, or less than one compass point, the sound of a fog-signal, when in
the cabin of a steamer at sea, 7 miles away, and that, too, after he had
purposely deprived himself of a knowledge of even the direction of the
shore by haviug the steamer turned in her course from time to time.
President Morton describes it thus:

This apparatus consisted of the following parts: A vertical rod passing through
the roof of the deck-cabin, on the upper end of which was attached & horizontal bar
carrying two adjustable resonators. Below these was a pointer set at right angles
with the above bar. Rubber tubes passed through the rvof of the cabin and were
connected with a pair of ear-tubes. A handle attached to the vertical rod served to
turn it in any direction.

The principle upon which the operation of this apparatus depends was first an-
nounced by Professor Mayer in 1872 (see American Journal of Science and Art,
November, 1872, p. 387), and its generul operation may be explained as follows:

‘Let 8 of the diagram be the source of a sound, and let the circle represent a
wave-surface prodaced by that sonnd. On this surface all the molecules of air have,
at the saiwe instant, the same direction and the same velocity of vibratory motion.
If we can accurately determine two points, R and R’, on this wave-surface, and this
wave-surface be a spherical one, that is, be not deformed, then a perpeudicular, C 8,
erected to the center of a chord drawn between these two points, will, when pro-
duced, pass through the source S. The method cousistsin determinjng these two points

on a sonorous wave-surface, as follows:
Let R and R’ be two resonators accu-
rately tuned to the note given by the
vibratory body at S. Suppose both res-
onators at the same instant on the wave-
T surface, then they both r1eceive at the
same instant the same phase of vibra-
E tion on the planes of their mnouths. If
two tubes of equal length lead from the
resonators and join into one tube just be-
’ fore they reach the ear E, then the sound-
pulses will act together, being of the
same phase, and the ear will receive dou-
ble the action which it would if only one
. resonator were connected with the ear.
But suppose that one of these tubes, T’, differs in length from the other tube, T, by
one-half of a wave-length of the tone given ont by 8, then the same pulses will no
longer work together at E, but will be opposed to cach other in their action, neutral-
izing each other’s dynamic effect, and producing silence at the ear E. This last con-
dition is the one used in the apparatus above described.

We connect the two resonators, R and R’, by a rigid rod, and it is evideut, if a
pointer be placed at the center of this rod at right angles to its length, that when
the resonators, R and R/, are on the wave-surface, the rod C 8 will point toward the
source of sound at 8. The rigid rod connecting the resonators R and R’, turnson a
vertical rod passing through C. This arrangement was described by Professor Mayer
before the National Academy in April, 1876,

While this contrivance may not yet be entirely practicable, its use, as
detailed, makes the fact evident that some apparatus can be arranged by

* See Federal Report(—*r, October 2-8,1882,—;) 651. -
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which the aberration in the audition of the mariner may be so corrected
that he can locate the source of the sound which is made to assure his
safety, but which, misheard, may, as in the case of the Edam and Lepanio,
insure his destruction.

It seems evident from President Morton’s statements that if the fog-
signals of the maritime world, or even of one country, or even those lo-
cated in the approaches to one of our great harbors, were tuned to one
note, and if the ships frequenting those waters were fitted with topophones,
or some similar instrument, arranged so as to be in unison with the fog-
signals, that aberrations in audition, at least as to directios, might be cor-
rected so as to determine the location of sound to within at least one com-

int.

Since the development of the topophone a number of other instruments
have been invented for determining for the mariner the direction of sound
made to warn him from danger. For some time some of our best ocean
steamners have been supplied with an instrument giving sounds of won-
derful pitch and intensity, called the siren. It was adapted from the in-
strument invented by Cagniard de la Tour, by A. and F. Brown, of the
New York City Progress Works, under the guidance of Professor Henry,
at the instance and for the use of the United States Light-House Establish-
ment, which also adopted it for use as a fog-signal. "The siren of the first
class consists of a huge trumpet, somewhat of' the size and shape used by
Daboll, with a wide mouth and a narrow throat, and is sounded by driv-
ing compressed air or steam through a disk placed in its throat. In this
disk are twelve radial slits; back of the fixed disk is a revolving plate
containing as many similar openings. The plate is rotated 2,400 times
each minute, and each revolution causes the escape and interruption of
twelve jets of air or steam through the openings in the disk and rotating
plate. In this way 28,800 vibrations are given during each minute that
the machine is operated ; and, as the vibrations are taken up by the trum-
pet an intense beam of sound is projected from it. The siren is operated
under a pressure of 72 pounds of steam, and can be heard under favorable
circumstances from 20 to 30 miles. * Its density, quality, pitch, and pen-
etration render it dominant over such other noises after all other signal
sounds have succumbed.” It is made of various sizes or classes, the num-
ber of slits in its throat-disk diminishing with its size. This instrument
is now used as a fog-signal by most maritime nations, they having frankly
copied from and in some instances obtained it through the United States
Light-House Establishment ; and it has been recently adapted to the use
of ocean steamers. But to make it thoroughly useful M. Edme Genglaire,
a student of the Naval School of Medicine at Toulon, has combined with
the siren what purports to be the leading idea of the topophone by fixing
an invariable standard for comparison. The siren being in communica-
tion with the boiler, the current of steam can be governed by an ordinary
valve. The sounds produced vary in pitch and intensity in proportion to
the quantity of steain emitted, so that sounds of any given pitch can be
obtained. A set of resonators completes the apparatus.

It is well known that two identical resonators vibrate together for the
same sound and for that only. Starting with this principle, in two simi-
lar frames containing several resonators the corresponding resonators will
vibrate or sound only when the note corresponding to them is produced.
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The siren will produce these sounds causing vibrations in the resonators,
and two distant ships, or a shore station and a ship, or two land stations,
supplied with sirens of a similar model and identical frames of resona-
tors, could most conveniently communicate. For this end each resonator
should have attached to it an invariable signification, the same for all the
frames.

All the naval and commercial vessels possessing sirens and a frame car-
rying the same number of resonators, each marked with a number having
its signification, might be prepared to communicate with each other or
with the shore.

This is the practical way of carrying the theory out as proposed by M.
Genglaire : In front of each resonator will be placed two metallic reeds,
one rigid, the other thin and producing extended oscillations with the
least effort. Each of these pieces of steel communicates with one pole or
battery by means of the circuit wire. When the resonator vibrates the
thin reed oscillates, touches the other bar, and the two poles of the battery
being connected, an electric bell rings, thus giving a signal, so that the
call, whether from ship or shore, can be recognized, while the bell of the
signaling-station by its sounds shows that the desired vibration or note
has been produced. This account of Genglaire’s siren is condensed from
the account published in Electricité.

Colladon made a series of experiments* at Lake Geneva in 1826 to
determine the velocity of sound in water. He had a bell weighing about
150 pounds suspended some 5 feet under water from the side or a boat, and
struck by a hammer attached to the end of a lever. Stationed in another
boat he ﬁstened for the bell-sounds, propagated beneath the surface, which
were conveyed from the water by a cylindrical tube of tin some 9 feet long
and 6 inches in diameter, one end of which terminated in an orifice for
insertion in the ear, and the other was spread out somewhat in the form
of a spoon, its opening being closed by a flat, elliptic plate of tin, about
2 square feet in area. By attaching a suitable weight to the lower end
of the tube it was easily retained in a vertical position with about four-
fifths of its length submerged, its flat plate being turned toward the boat
carrying the bell. With this simple apparatus, Colladon was able to hear
with perfect distinctness the blows of the hammer on the bell across the
widest part of Lake Geneva, when the calculated distance between the
two boats was not less than 8 miles.

The sounds heard by Colladon appeared as if they had been caused “ by
some metallic body striking the bottom of the tube,” and they were “as
distinct and brief at 13,000 meters as at 100 meters from the bell.” One set
of observations were made during a strong wind ; the lake, which was at
first calm, became violently agitated and it was necessary to keep the boat
in position by means of several anchors, yet in spite of the noise of the
waves which struck the tube he took other observations with the same
accuracy as when the air and water were still. And he states, “ I am con-
vinced that by employing a bigger bell, and improving or enlarging the
hearing apparatus, easy communication could be eflected under the water
of a lake or of the sea up to 15 or 20 leagues.”

* ¢ Memoirs of the Institute of France,” vol. v,—i938, pp. 329-399; Sir John Herschel,
“Bound,” sections 94, 95; Journal of Science, vol. i, 1828, pp. 480, 451; Edinbuargh
New Philosophical Journal, vol. v, 1828, pp. ¥1-Y4.
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In February, 1883, Prof. Lucien I. Blake* now of the University of
Kansas, but then in Berlin, while investigating the experiments of Col-.
ladon and also of Sturm, as to the velocity of sound through the waters
of Lake Geneva, thought of making a practical use of water as a means
of communication between vessels at sea. He then devised several methods,
assisted by Dr. Konig, of the Physical Laboratory of the Royal Univer-
sity, which he tried on his return to this country, and he has been experi-
menting in that direction from time to time since that date as opportunity
served.

His plan, in brief, was as follows: A sound-producing apparatus was
to be attached to each vessel, and to be worked under the surface of the
water. In times of fog or at night a code of signals would be produced
by it which would be transmitted in all directions through the water with
a velocity four to five times that in the air. Each vessel, in addition to
the sound-producing apparatus, would be provided with a sound-receiving
apparatus, which would take up out of the water the signals arriving from
neighboring vessels. As boys in swimming communicate the sound of
the striking of stones together under water, so is it possible to send
musical tones from one ship to another.

For steam-ghips the sound-producing dpparatus was designed to be a
steam fog-horn or whistle, specially constructed to sound under water,
aud to be heard at least from 6 to 8 miles. Krom the nature of its tone
it would be easily distinguishable from other sounds always more or less
present under water, such as from breakers, waves, etc. With such
whistles a Morse alphabet of long and short blasts and pauses was to pro-
vide a means of extended communication, while a simple universal code
would indicate a ship’s course. Since ignorance of the very presence of
a ship, rather than incorrect estimates of her course, has been the principal
cause of ocean collisions, the simple hearing of the sound would prove
a most excellent general safegnard. Bell-buoys were to have a second
bell added under water, while light-ships, light-houses, and any head-
lands might also be provided with submerged bells which could be rung
from the shore, when necessary. Sailing-craft, both large and small,
would have bells; and, since an ordinary locomotive-bell can be heard,
according to experiments, at least 2 miles under water, these simple
means would seem to afford sufficient limits for protection for such vessels.

As to the receiving apparatus with which each vessel was to be pro-
vided, the original plan of 1883, and which has not been changed, was to
employ some form of telephone acting as a transmitter under water and
connected with a receiver within the vessel. The surface of the trans-
mitter exposed to the water, and which must receive the sound-waves,
should be protected against ice, barnacles, heavy waves, etc. One design
was: One or more vertical pipes in different parts of a ship were to extend
from the vessel’s interior through the hull, near the keel, and be open to
the free admission of water at their lower ends. Their upper ends were
to extend within the vessel a little way above the keel, and were to be
plugged, so that the water could not overflow into the vessel. These
pipes would then provide columns of water always stil and would com-

Profeasor Blake read a paper on this subject before the American Association for

the Advancement of Scieuce at the meeting in New York in Angust, 1587, from which,
with his kind permission, this abstract has been made,

1564A. 7
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maunicate directly with the water outside. Sound would then enter and
pass up these pipes and would encounter microphonic transmitters placed
suitably in them. Wires from the transmitters would run to a small
room, secluded, where convenient, in the ship, away from disturbing noises,
and here telephone receivers would be placed, and observers stationed here
in night or fog.

For small craft it was found that a pipe shaped much like a powder-
bhorn, with a thin, flexible membrane stretched tightly across its broad
end, made a successful receiver. With the small end made to fit the ear
and the diaphragm end only a few inches below the water the sound of a
hand-bell has been received nearly a mile distant. Colladon and Sturm
used a somewhat similar receiver and heard a heavy bell 10 miles away.

It was necessary to devise a better form of receiving apparatus. The
Bell receiver and the Blake transmitter will not work under water. The
first success was obtained by a form of transmitter resembling the Ader.

With this Professor Blake transmitted and received signals between
boats half a mile apart on the Taunton River in 1883. The transmitter
was weighted to float at different depths, but in all positions as regards
the approaching sound-waves it received equally well. Up to half a mile
the signals from an ordinary dinner-bell were distinctly heard. These
experiments seemed to indicate that a transmitter dependent upon a vari-
able contact might yet be made which would work with satisfaction. This
line was consequently followed.up, and apparatus was devised by which
signals were transmitted between boats a mile distant off Stone Bridge,
near Newport, R. 1., in the same summer of 1883 through a rough sea
and in a dense fog. Various forms of microphonic transmitters were
constructed, and experiments on Long Island Sound and on the Wabash
River at Terre Haute, Ind.,.were conducted as opportunity permitted.
One form of transmitter which worked fairly well consists merely of a
diaphragm having within itself the elements of a microphone. It is placed
in simple voltaic circuit with a Bell receiver. This diaphragm is made of
hard carbon in granules about the size of smallest shot. A paste is made
of these with rubber cement, and this in a mold and die under heat and
pressure becomes a hard, thin, elastic disk. This diaphragm takes up the
sound-vibrations quite well out of the water. The action is similar to
that of a multiglo contact transmitter. On the river, however, through a
long distance these did not seem sufficiently satisfactory. This difference
in action between a long and short distance led to the thought that, as the
advancing front of the sound-wave is an arc, approaching in curvature
nearer and nearer the tangent to its circle, a large diaphragm would receive
more sonorous energy and thus probably prove more effective. This is
the point to which the experiments have now been carried, and the next
trials will be with a diaphragm 18 inches square. In October, 1885, sig-
nals were transmitted and received 1} miles on the Wabash River from a
locomotive-bell around three or four windings of the river, so that the
operators were out of each other’s sight, and the sound could not be heard
through the air, yet could be with fair distinctness through the telephone.

It is to be hoped that Professor Blake may find opportunity to continue
his experiments, as he seems to be on the verge of producing a practical
and accurate instrument of value to mariners.
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Methods of using the Morse code of dots and dashes, as represented by
long and short sounds of a fog-whistle or other similar contrivance, have
been made public. The best one I have met is that of Mr. Frank Purin-
ton, of Providence, R. 1., and it is one of the best because it is the simplest.
The idea-is that, when two ships meet in fog and make known their prox-
imity to each other by their fog-signals, each shall indicate to the other the
way she is steering by the length and the intermission of the sounds made
by her fog-signal. The following is the code in part, the long blast being
represented by the [—] dash, the short one by the [-] dot:

CODE.

North — One dash.
. Northeast — — — Three dashes.

East — —  Two dashes.

Southeast - — — Ome dot and two dashes.
South - One dot.

Southwest - - - Three dots.

West - - Two dots.

Northwest — - - One dash and two dots.

The thirty-two points of the compass are represented by variations of
the collocations of dots and dashes on the chart, and with long and short
sounds with intervals, in practice. These signals can be given by the or-
dinary steam-whistle or by automatic apparatus already invented and in
use. Mr. Purinton claims that his system will, if followed, prevent col-
lisions. The four cardinal points of the compass are so represented that
opposite courses have opposite signals. One long sound means north ; a
short one, south. Two long svunds mean east, and two short ones mean
west. Other points of the compass are indicated by the synthesis or nat-
ural combination made by adding the necessary cardinal signals for the
intermediate points or courses. -

Another device, which may be called the echo-maker, that of Mr. De
la Torre, has been examined by a board of naval officers, of which Com-
mander Bainbridge Hoff, U. 8. Navy, was the head, and report was made
to the Navy Department of a somewhat favorable nature, It may consist
of a flaring funnel screwed on the muzzle of a rifle. It is operated by fir-
ing the rifle in the direction of the supposed obstacle, such as a rock, an
iceberg, another ship, or a cliff. If the obstacle is there, the beam of
sound projected through the funnel strikes the obstacle and rebounds ; and
as the echo is more or less perfect in proportion as the obstacle is more or
less parallel to the ship from which the gun is fired, and as it is near or
remote, the position ofP the obstacle may thus be inferred. The board re-
ported that De la Torre’s method was firing a blank cartridge from a rifle
in the presence of objects as small as a spar-buoy and as large as a fort,
and catching the return sound or echo. He claims that a sharp sound
projected at or nearly at an object, and only when so directed, will in every
case return some of the sound sent, so that theoretically there will always
be an echo, and the difference in the time between the sound sent and the
echo will indicate the remoteness of the object. The board found that
a return sound could be heard from the side of a fort a half mile off, from
passing steamers & quarter mile off if broadside-to, from bluffs and sails
of vessels about the same distance, and from spar-buoys 200 yards away.

The board further states that the sound from the different kinds of
masses i8 different in most cases, and that the ear could be educated to
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detect quite a range of different objects, as the echo from a sail was differ-
ent from the echo from a buoy or a bluff. If two objects were near the
line of projection at different distances, an echo woula be received from
each. The horizontal limit of the return of sound seemed to be about
two points on each side of the axis of projection.

If Mr. De la Torre should see fit to construct his instrument for hear-
ing feeble echoes, the board indicated that it would recommend that it be
fitted svon to some vessel of the North Atlantic Station, and that further
and, if possible, exhaustive experiments ought to be made to practically
determine the use of the echo as a means to discover obstacles to naviga-
tion. It was also stated that steam-whistles could be heard much farther
than the echo; but it was said that where the obstacle could not make the
sound, as in the case of an iceberg, the echo would be of the greatest use,
and experiments looking to its utilization are demanded by the conditions
of navigation in time of fog.

Steamers are constantly running among the islands on the coast of Maine
during the summer. This is the season of thick and persistent fog. When
pilots can hardly see the length of their vessels, they keep up a constant
noise with their fog-signals. The open sea gives back no sound. But
the near or remote vicinity of cliffs, bluffs, or even high shores, is indi-
cated by the strength of the echo received back from them. In fact, run-
ning by echo is recognized as one of the neccessities of the navigation of
those waters.

This method is also used to some extent by steamers on the great rivers;
and it is practiced on the Great Lakes to some extent, notably at a cer-
tain bluff jutting out into Lake Superior. Passing steamers, knowing
themselves to be in the vicinity, when befogged, feel out these bluffs by
sounding their fog-signals until they get back an echo ; then they use the
bluffs as a new point of departure.

In this connection I may say that in the summer of 1886 I experi-
mented in making echoes while on a light-house steamer on Long Island
Sound, and found I could get a good echo by sounding the whistle of my
steamer when passing a sailing-vessel, preferably a schooner, on a parallel
course. Wave-sounds striking her sails at right angles to her course gave
a good echo at 500 yards or less, and the sound of the echo was more or
less good within that distance, in proportion to the angle made by the
courses of the two vessels when their courses were not parallel. When.off
Block Island cliffs, which overhang somewhat, I got a good echo when about
a mile distant. Hence I infer that the position of suspected dangers of cer-
tain kinds can be determined by the production of echoes under specified cir-
cumstances.

Recent papers state that Mr. H. B. Cox, an electrician, whose laboratory
was at Fernbank, some 10 miles from Cincinnati, but who is now a resi-
dent of New Haven, Conn.,has invented a trumpet to be used for telephon-
ing at sea, on which he has been at work for some years. The invention
is the outgrowth of his discovery of the great distance an echoed or rever-
berated sound will carry, and the discovery that speaking-trumpets, if made
to give the same fundamental note, would vibrate and produce the phenome-
non known in acoustics as “ sympathy.”

With this trumpet conversation in an ordinary tone of voice was car-
ried on between parties 4} miles aparl. People a mile away, conversing
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in an ordinary tone, could be distinctly heard, and in two instances they
were told the pature of their conversation, and admitted that such had
taken place. The whistle of a train was traced beyond Fernbank to Law-
renceburgh, Ind. It was found that the instrument has a well-defined
range of 26 miles, that is, a loud sound like a locomotive-whistle or the
rumbling of a train, can be distinctly heard at a distance of 13 miles in
every direction. Conversation was readily carried on between two gen-
tlemen on high hills on opposite sides of the Ohio River, distant about
4} miles apart. Tests made on the water, of various kinds, showed that
the trumpet was even more available than on land.

Mr. Cox has within the last year made experiments from steamers in
the open ocean, and during heavy weather, getting good results. It is ex-
pected that he will exhibit and explain his instrument to the International
Maritime Congress which is soon to meet in this city.

It is generally understood that Mr. Thomas A. Edison, the electrician,
who bas invented so many good things, is now at work, and has made
promising progress, on the production of what may be called a water-
telephone, by which he proposes to enable ships within hearing distance to
communicate without wires, butstill by electricity, sent and received through
the water. He is said to have signaled through a mile of the Caloosa-
hatchie River,in Florida, during his experiments.

The object of this paper is to call attention to the practical impossi-
bility of the mariner determining, by his unassisted ears, in a fog or in
darkness, the position of another ship from the noise she makes, and the
necessity that he should use some of the appliances named, or better ones
as they appear, to assist his ears, and thus to prevent the collisions which
are now so frequent and so disastrous. The Celtic and Britannic steamers
would not have run into each other had such appliances been used ; nor
would the steamer City of Brussels have been run down in the English
Channel by the steamer Kirby Hall had they been thus supplied, to say
nothing of the steamer Oregon sunk off Fire Island, and other like cases
within easy recollection. These vessels carried no such appliances.

It is desirable that public opinion should be brought to bear on this
subject with such force that ships shall be required to carry some appli-
ance, so that an error of five compass-points in fixing a ship’s position will
no longer be possible, or, if possible, will be helg to be criminal negli-

nce.

It is also desirable that public opinion should be brought to bear on
this subject with so much force that ships will be required to carry
and use proper appliances for ascertaining the position and course of
ships within ear-shot, as they are now required to carry lights for a
like purpose.

And why should not Governments take some steps in this direction, that
the dread all now feel of collision at sea, in the fog or the darkness, may
in some measure be eliminated ?



CHarTER XI.

THE PERSONNEL OF THE UNITED STATES LIGHT-HOUSE ESTAB-
LISHMENT—WHAT THEY DO AND HAVE DONE.

The first light-keeper in this country, of whose regular appointment
there is authentic information, was George Worthylake, husbandman, aged
forty-three years, who was made keeper of the light-house on Little Brew-
ster Island, Boston Harbor, in 1716, at £50 per year, by the order of the
general court of the Province of Massachusetts Bay ; andy it seems that the
keepers of the other seven light-houses of ante-Revolutionary times were
appointed in the same manner.

hen the Federal Government had assumed charge of the Light-House
Establishment the appointment of keepers was made by the President, and
quite a number of the commissions bear the signature of George Wash-
ington, who took great interest in light-house affairs. One of the first
oticial acts Washington, as President, performed, was to write to the
keeper of Sandy Hook light, directing him to keep it burning until Con-
gress had opportunity to provide for its continuance. Jeflerson also took
Eersonal interest in light-house affairs, and in its personnel. There are
angin% in the office of the Light-House Board, at Washington, several
letters from Washington and Jefferson on light-house matters. Among
them is a letter on which is the following indorsement :

The above is accompanied by two other letters dated respectively May 30 and June

1, 1808, which strongly recommend Jared Hand’s appointment (as keeper of Mon-

tauk Point light) to succeed his father, which were duly submitted to the Presi-
dent for his approval or rejection. .

On the original letter the following indorsement appears :

I have constantly refused to give in to this method of making offices hereditary.
Whenever this one becomes actually vacant, the claims of Jared Hand may be con-
sidered with those of other competitors.

THOMAS JEFFERSON.

As their number increased the nominations of keepers were made by
collectors of customs, who were the local superintenaents of lights ; but
the appointments were made by the Secretary of the Treasury. That
usage crystallized into law, and still obtains; but the nomination of the
collector is forwarded to the Light-House Board, where it receives an in-
dorsement, which procures for it favorable or adverse action. The ap-
pointment, however, is but temporary, and continues only until the can-
didate has been examined, after which, if he passes, a full appointment is
given him ; otherwise he is dropped from the service.

The appointment of light-house keepers is restricted to persons be-
tween the of eighteen and fifty, who can read, write, and keep ac-
counts, are able to do the requisite manual labor, to pull and sail a boat,
and have enough mechanical ability to make the necessary minor repairs
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about the premises, and keep them painted, whitewashed, and in order.
After three months of service, the appointee is examined by an inspector,
who, if he finds that he has the qualities needed at that especial station,
certifies that fact to the Light-House Board, when, upon its approval, the
full appointment is issued by the Treasury Department.

Although but one grade of keeper is recognized by law, usage has divi-
ded keepers into a number of grades, with different pay as well as differ-
ent duties, and with promotion running through the various grades. At
one light-house there may be but one keeper; at another, a principal
keeper and an assistant ; and there is a station where there is a principal
keeper with four assistants, the fourth having the lowest grade and the
lowest pay, and the others having been appointed at that grade, and pro-
moted as merit was shown and vacancies occurred ; or they may have been
transferred and promoted from another station. Although persons are
appointed to the service and assigned to a given station, they are fre-
quently transferred from one station to another, as the interest of the
service may demand, and while it isusual to consult a keeper’s wishes in his
assignment, there is nothing in the regulations to prevent the transfer of
a man appointed in Maine to a station in Georgia ; and occasionally keep-
ers are, with their own consent, transferred from one district to anotherat a
great distance. Young men who have seen some sea service are preferred
as assistants at the larger stations; and at stations requiring but one
keeper, retired sea captains or mates who have families are frequently se-
lected. At those stations where there are fog-signals it is customary,
however, to have one assistant who is able to operate its machinery and
keep it in repair ; and he is usually one who has a certificate as a steam
engineer, and is something of a machinist. Such persons are graded and
paid at a higher rate on their original entry in the service than others.

While there are numerous light-stations located on submarine sites, the
greater number of lights have connected with them a little land, which
the keepers are encouraged to cultivate. Hence small farms or gardens
are often connected with stations, which are cultivaied by the keepers’
families. '

Keepers are forbidden to engage in any business which can interfere
with their presence at their stations, or with the proper and timely per-
formance of their light-house duties ; but it is no unusual thing to find a
keeper working at his station as a shoe-maker, tailor, or in some similar
capacity, and there are light-keepers who fill a neighboring pulpit, who hold
commissions as justices of the peace, and there are still others who do duty
as school teachers without neglecting their light-houses. As the dwellings
of the light-keepers are oflen tastefully planned, well-built, and located on

icturesque sites, people in search of summer quarters have so besought
eepers for accommodation that the Board has heen compelled to prohibit
them from taking boarders under any circumstances.

The Board has done much to make keepers comfortable. They are
furnished with quarters for themselves, and in certain cases for their fami-
lies, and when so far distant from market as to make its carriage equal or
exceed its cost, with fuel and rations. Suitable boats are furnished stations
inaccessible by land ; and at those stations on shore, distant from markets,
barns are built for their cattle and horses. Something also has been done
for the intellectual needs of the keepers and their families by supplying
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them with libraries. These are arranged in cases so constructed that they
make rather a neat appearance when set upright on a table, and they only
need be closed and locked to be ready for transportation. They contain
on an average about fifty volumes each, of a proper admixture of historical,
scientific, poetical, and good novels, together with a Bible and a prayer-
book. One of these libraries is left at a station for some three months,
when it is exchanged, and the first is passed on to another station. This
is usually done when the inspector makes his quarterly inspection ; so
each of the stations to which libraries are furnished sees some two hun-
dred different books each year. There are now five hundred and fifty of
these libraries in circulation through this Establishment, and more are
being prepared. In their distribution preference is given to those stations
most distant from towns or villages. The Board %xas made no attempt
as yet to pension those who become maimed or worn out in its service.
Keepers are under the law paid an average sum of $600 a year; but the
rates range in individual cases from $100 to $1,000 a year. In March,
1889, Congress appropriated $626,000 for the payment of its 1,150
keepers.

UNIFORMS FOR THE PERSONNEL OF THE UNITED STATES LIGHT-HOUSE
ESTABLISHMENT.

In 1883 the Board prescribed dress and fatigue uniforms for its keepers,
and required them to wear one or the other on all proper occasions. A
suit of each, including hats, was presented to each keeper then in the
service. The measure of each man was taken, and his uniforms were
made to fit him. The Board, however, failed to prescribe or furnish uni-
forms for the female light-keepers in its employ. Although the first
suits were furnished each keeper, they were required to procure all sub-

uent suits at their own expense. And all keepers coming into the serv-
ice after that date had to furnish themselves with uniforms.

The following is a description of the kind of suits prescribed, with their
insignia and cost as supplied by the contractors. Keepers, however, can
obtain their uniforms where they please, provided they come up the to

required standard.
On May 1, 1884, the following regulation went into effect :

The uniform for male keepers and assistant keefers of light-stations, and the mas-
ters, mates, engineers, and assistant engiueers of light vessels and tenders, will con-
aist of coat, veat, trousers, and a cap or helmet. Tne coat will be a double-breasted
sack, with five large regulation buttons on each side—the top buttons placed close
to the collar, the lower ones about 6 inches from the bLottom, and the others at
equal spaces between the top and lower buttons. It will be of the length of the ex-
tended arm and hand, and will be provided with two inside breast pockets and two
outside hip pocketr, the latter to have flaps so arranged as to be worn inside the
pocket if desired. Each sleeve will have two small buttons on the cuff-scam.

The vest will be single-breasted, without a collar, and cut so as to show about 6
inches of the shirt. It will have three pockets and five small regulation buttons.

The trousers will be cut in the prevailing style.

All of the above will be made of suitable dark indigo-blue kersey or flannel.

The cap will be made of dark-blue cloth, with a cloth-covered visor and an adjns-
table chin-utr:s of cloth held by yellow-metal regulation buttons. A yellow-metal
light-house badge will be worn in the middle of the front of the cap. Masters of
tenders will wear a gold-lace chin-strap instead of one of cloth.

During the summer months in northern latitudes and during the entire year in
southern latitudes, thero may be worn canvas helmets of anthonzed shape and color,
with the prescribed buttons and the yellow-metal light-house badge in the middle of

the front.
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_AH masters and mates of vessels are directed to wear the prescribed uniform at all
limes when on duty, and all engineers and assistant engineers at all times, exoart
when at work in the engine-roums, when they may wear the prescribed working-sutt.

Ke_epan and assistant keepers of light-stations will wear the prescribed uniform at
all times, except that the coat will be taken off and the regulation apron worn when
at work cleaning, and the prescribed brown working-suit will be worn when at
ordinary out-door work.

The crews of light-vessels and tenders will wear dark, indigo-blue kersey or flannel
trousers, and dai, indigo-blue guernsey shirts. The oap for the crew will be of
dark, indigo-blue cloth, of authorized shape, with cloth visor, and & ribbon marked
“ Light-House Service” in front. During the summer months iu northern latitudes
and during the entire year in southern latitndes, brown linen caps of the same pat-
tern may be worn, but all of the crew of each vessel shall wear the same kiud of cap.

This uniform will be worn by the crew at all times, except when working, when
the prescribed working-suit will be worn.

Thoee holding acting appointments, those employed temporarily, and snbstitutes
will not be allowed to wear the uniform.

The Board assumed the cost of the first clothing for the employés then
in the service; all succeeding renewals were at the expense of the employé.
In order that an equivalent of service might be rendered for the articles
thus supplied, it was provided that if an employé should leave the servico
within one year after uniform was issued to him the value of the clothing
should be deducted from any salary then due him. Any further articles
of clothing required could be obtained of the manufacturers at tho follow-

ing prices:

Kersev coata $9.75 Masters’ chin-straps..each.. $0.76
Kersey vests cee 2.75 Linen helmets, with badge,
Kersey trousers . 5.50 | each ....ccceeicncncrioce.- 1.76
Flannel coats ... . 7.00 Cloth ocaps, with ribbon
Flannel vests ... ..do... 2.95 |  (crew) each... 1.60
Flannel tronsers. ...do... 4.50 Brown linen ocaps (crew),
Blue woolen working trousers each ...ccoviieieneneann .o .6
(CTeW) aececnannnnn. h.. 3.76 , Collar ornamenta ....each.. 1,00 to 1.6
Guernsey shirts .. 1.75 Coat-buttons......per doz.. .
Canvas working svits ...do... 1.25 Vest-buttons.........do.... .28
Cloth caps, with badge (offi- Button-fasteners .....do.... 806
cers, keepers, and assistant
keepers) .....c.c..... each.. 2.00

Blunk forms for measurement were furnished by the inspectors of the
several light-house districts, through whom the articles were ordered.

Any persons thereafter entering the Service were required to furnish
their own uniform. In nominating persons for appointment, superin-
tendents of lights informed them of the conditions under which they
entered the service.

Some few changes, suggested by experience, have been made in the
uniform, especially in the nead-gear. Nl():w the whole force is in uniform,
and it is found that it adds mucn to the appearance of the personnel, and
does much to raise the esprit du corps, and to preserve its disciplive.

The discipline of the Service is somewhat rigid and severe, and has
been from the beginning. On December 31, 1806, Mr. Gallatin, then
Secretary of the Treasury, placed the following indorsement on a letter :

The part which relates to the condnet of the keeper of Cape Henry light-house is
submitted to the President for his decision.

It was returned indorsed :

41 think the keepers of light-houses should be dismissed for small degrees of re-
missness, because of the calamities which even these produce, and that the opinion
if the collector in this case is of sufficient authority for the removal of the present

eeper.
pe “TH, JEFFERSON.”
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Now the class of men from whom keepers are selected is so good that the
punishment of dismissal is infrequently inflicted. But it follows swiftly
1n two cases. A keeper found intoxicated is not only summarily dismissed
the service, but he is instantly ejected from the station; and a keeper who
allows his light to go out is dismissed without regard to his excuse or his
previous good conduct.

The Board considers it the duty of every light-keeper to stand by his
light as long as the light-house stands, and that for him to desert it when
in danger is as cowardly as for a soldier to leave his guns on the ad-
vance of an enemy.

His failure to keep his light burning, especially in time of danger, may
cause the wreck of vessels looking for it, and result in the loss of much
property and many lives.

Keepers are trained to consider the care of the light and the light-house
property their paramount duty, beyond any personal consideration ; and
the espril du corps is such that instances have happened where the keepers
on duty have,as in the case of the first light on mzot’s Ledge, gone down
with their light-house and died at their post; others, where the keeper
has saved his lens, letting his family shift for themselves ; and there are
repeated instances where the keeper has saved his licht-house property and
lost his own. An instance of heroism is that of the keepers of Sharp’s
Island light-house, in Chesapeake Bay. It waslifted from its foundation,
thrown over on its side, and carried away by ice early in Fcbruary, 1881.
The keeper and his assistant clung to the fallen house, and, although one
of their boats remained uninjured, they were adrift in the bay sixteen and
a half hours without fire or tood, always in imminent danger, as the heavy
floating ice often piled up against aud threatened to swamp the house. It
grounded, however, on an island shortly after midnight, at high tide, and
was full of water. Being satisfied that it would not float off again, the
two keepers went ashore in their boat, and when the tide had fallen they
returned, saved and took to the shore the lens, its pedestal, the oil, the
library, much damaged by water, and even the empty oil-cans, and then
reported the facts through their inspector to the Board. Meantime the
keepers of another light-house, fearing the ice, had deserted their post,and
gone on shore. The fact that no vessels conld have needed their light
while the ice remained unbroken, and that they returned to their post
when the danger had passed did not avail them. So soon as the fact of
their desertion was determined they were dismissed the service, and the
two keepers who had spent those terrible hours afloat in Sharp’s Island
light-house, and then had saved its apparatus, were highly complimented
by a letter direct from the Board itself, and then were appointed to the
deserters’ places.

LIGHT-HOUSE INSPECTORS.

The light-house inspector is an officer of the Navy, the detail being
changed, as a rule, every three years. It is now considered that the
time an officer spends on light-house duty goes to make up his education
and to contribute to his efficiency. Hence this duty is sought in times of
peace by ambitious young officers of judgment, tact, and habits of study
who can do the Light-House Establishment good service The sixteen
inspectors now on duty are all officers of the Navy; one a captain, nine
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are commanders, four are lieutenant-commanders, and two are lieuten-
ants. They serve without any other than their naval shore-duty pay. It
is the duty of an inspector to attend, under the directions of the Board,
to supplying the lights of their respective districts ; to maintain its buoy-
age ; to keep up the discipline of the light-keepers; to inspect the light-
stations, light-ships, and light-tenders, and all the li%)ht-house people and
property in his district each quarter; to attend to the examination, pro-
motion, and transfer of the keepers; to answer the calls made on him by
the Board for special information as to the needs of commerce at specified
points ; to make the numerous reports to the Board on blanks provided
for that purpose; to act as purchasing and disbursing officer, and to pay
each keeper his salary each quarter.

He is a disbursing officer, and is responsible for very large sums of
money. No pecuniary bond is required of him, a8 his commission is at
stake for the proper performance of his duty. The confidence of the Gov-
ernment is not misplaced, for it has never lost a cent intrusted to any of
these officers.

LIGHT-HOUSE ENGINEERS.

There is no specified time for which an officer of the Corps of Engineers
shall serve as a light-house engincer, as he often has at the same time
charge of fortification or harbor engineering works. His light-house du-
ties are to prepare plans and specifications for light-house structures, and
submit them to the Board ; to purchase the material, arrange for the labor,
and take charge of their erection or repair ; to set up and keep in repair the
illaminating apparatus of each light-station in his district, and to purchase
and care for the real estate, light-house sites, etc., of the Establishment in
his district. He reports to the Board, when requested, as to the necessity
and cost of establishing new aids to navigation. The coasts of the coun-
try show with what success the engineers have grappled with the prob-
lems of light-house engineering, not only on land but on submarine foun-
dations. '

He is required to disburse large sums of money for purposes of con-
struction and repair, but no bond is reauired of him, for the same reason
as is given in case of the inspector, ana with the same good reason.

The duties of the Inspectors and the Engineers are not only difficult but
are often dangerous. Two Ins rs recently lost their lives while on duty,
Lieutenant-Commander Wright by yellow fever, and Commander Mec-
Dougal by drow‘ninfg, and General Babcock was also drowned while trying
to land at the site of a light-house which was being built under his charge.

HOW THE ESTABLISHMENT OF A LIGHT-HOUSE 18 DETERMINED.

It is not only the duty of the Board to build light-houses when author-
ized by Congress, but it is customary for the Board to give Congress the
existing reasons for refusing appropriations for building unnecessary light-
houses. Each light-house is established by Congressional enactment. A
petition from those interested, usually ship-owners and ship-masters, is
presented by the Representative in Con%ress in whose Congressional dis-
trict it is proposed that the light-house should be located. The House of
Representatives or Senate refers the petition to its Committee on Com-
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merce, which asks the opinion of the Secretary of the Treasury on the
matter. He refers the question to the Light-House Board, which in turn
calls on the inspector and engineer of the proper light-house district to
examine and report on the necessity, practicability, and cost of the pro-
posed structure. Their reports, with such other information on the sub-
ject as the Board may have at hand, is referred to its own committee on
location, when a formal report and recommendation is made to the
Board, which report is transmitted to the Secretary of the Treasury, who
in turn sends both his own opinion and the Board’s recommendation to
the committee of the Senate or lower House, asking the information, and
on the report of that committee, if it is favorable, is based the report of
the Committee on Appropriations and the action of Congress. But fre-
quently the reports are unfavorable, and it has harpened that the Board
has been interpellated on the same matter by several successive Congresses,
a:;ld el:ias been required to build the light-house it has reported was not
n .

The Board often received from those interested statements bearing on
a case intended to affect favorably its report as to the need for a pro
light-house. Thus the Board often weighs rather than finds evidence,
and supplements rather than institutes investigation,

THE CONNECTION OF THE LIGHT-HOUSE BOARD WITH THE TREASURY
DEPARTMENT.

The Board has been called on several times to show cause why it should
not be transferred from the Treasury to some other department. It has
already made report against its transfer to the Navy Department and to
the War Department. A bill once came before Congress providing for
its transfer to the Interior Department, and the Forty-third Congress re-
jected a bill providing for abolishing the Board and placing the Establish-
ment again under the charge of a superintendent.

But Congress has constantly held that as the Light-House Establishment
was primarily for the benefit of commerce, and as commerce is under the
charge of the Treasury Department, that the lights should also remain
under the same Department. The fact that engineer officers of the Army
are detailed to build light-houses and keep them in repair, and that naval
officers are assigned to the charge of maintenance of the lights and to keep
up the proper discipline of the personnel of the Establishment, has not been
regarded as a good reason for placing the Service under the charge of
either the War or Navy Department. Indeed, it has been found that
while there is some friction when officers of the Navy serve under the
Secretary of War and when Army officers serve under the Secretary of
the Navy, there is less, if any, when they serve under the head of another
department. The officers of both Army and Navy serve thus together
under the Treasury Department with harmony and without difficulty as
to precedence of rank. The system works well, and there is little likeli-
hood of any change.

The United States Light-House Board has its own drafting room,
where it prepares the plans and specifications of many of its more difficult
light-houses and light-ships, and where it examines and revises, if need
be, the plans submitted by its engineers.
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The Board has had the honor to receive officers sent from several of
the nations represented in this Congress, as well as the officers of coun-
tries from over the sea, and to furnish them with such of its plans of
light-houses and light-ships, fog-signals and other aids to navigation as
they desired. Mexico, Brazil, and Chili have availed themselves of these
opportunities, as well as have France and England.

There are 9,959 pautical miles of lighted coast on the ocean, gulf, bay,
sound, lake, and river shores, not counting the Ohio, Mississippi, and
Missouri Rivers, which are lighted on a different and cheaper plan. The
sums actually expended in lighting and buoying these 9,959 miles of coast
during the year ending June 30, 1879, amounted to $1,708,700. And in
this sum the $97,000 expended in maintaining the fifty-four fog-signals
operated that year are not included. Hence the cost of lighting and
buoying the United States coast was for that year $171.57 per nautical
mile. That year, 1879, is taken, as it gives an opportunity for compar-
ing the cost of maintaining the Light-House Establishment of the United
States with that of France. ‘

M. Allard, inspecteur-général des Ponts et Chaussées, the managing
head of the French light-house establishment, gives, in the ‘“Annales des
Ponts et Chaussées” %or October, 1880, some statements from which it
appears that there are 1,150 nautical miles of coast lighted and buoyed by
the French Bureau des Phares, at a cost during 1879 for maintenance of
1,790,000 francs, or of 1,155 francs per nautical mile. Taking the franc
at 5.20 to the dollar, it seems that it cost France $222.11 to the mile, while
it cost the United States $171.57 per mile.

But then France had that year twenty-five light-houses and fifty-three
buoys to the 100 miles of coast, while the United States had in that year
but nine light-houses and forty-two buoys per 100 miles of coast. Then,
again, France hall but four fog-signals, while the United States had fifty-
four, and France had no river lights worth mentioning, according to M.
Allard, while the United States maintained 737 during that year.

The average sum paid for maintaining an average light station of each
class was during the year ending June 30, 1889:

For a first-order light-station.......ccceeiieneiaaaa oo $3, 842. 00
For a second-order light-station ........c...ccoiaaaaa... 2,711, 12
For a third-order light-station.. ..ccc coeeiienrianaas. 1,568. 77
For a fourth-order light-station .........cocoaiiiiaiis 1,107. 83
For a fifth-order light-station.... ... .. .........c..ilt. 635. 05
For a gixth-order light-station =~ . ... .. ... ..., 562. 17
For an outside light-ship of recent build................. 7,078.28
For an inside light-ship of old build ... ... _____._.. 3, 546. 32
For an average fog-signal operated by steam or hot air... 2,260.59
For a steam-tender of recent build..... ... .cooeieeaa..n 15, 126. 83

The appropriations made by act of March 2, 1889, for the maintenance
of the United States Light-House Establishment for the vear ending June
30, 1890, amounted to $3,603,994.12, of which $1,286,294.12 was appro-
priated for new works or, for finishing those previously commenced and
not then finished.

A question having arisen as to the length of our coast line, the Board
on August 13, 1889, asked the Coast and Geodetic Survey to furnish it
with a statement of the length. in statute miles, of the general sea-coast of
the Atlantic, Gulf, Pacific, and Alaskan waters, and also the coast line in
statute miles of the same coasts, including islands, bays, rivers, etc., to the
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head of tide-water. On August 15, 1889, the Coast and Geodetic Sarvey
replied, sending the following statement :

General sea-coast of the United States.

Stat. miles.
Atlantic Ocen .......ccceccccevoercccciccccescccccnnnns 2,043
Gulf of Mexico ...... teeeme stbeeos cets bmne sesane vamcessvaaas 1,852
Pacific Ocean .......cccer ieeececoeenmeionaccamecacacaana. 1,810
AlBBKR .o i e cicccecerecc cccccecscecacnanan—n - 4,750

Including islands, bays, rivers, etc., to the head of tide-water :

Stat. mfles.
Atlantic Ocean .......ccceeicicccenneccccccccerccccrncnnaas 38,516
Gulf of MexXiCO ..ccc.ccceenra-aceaceccnccecs cancsacncncsnnane 19, 143
Pacific 0cean ..cceeooemuececncececncevecnnccacecccccscccana 8, Y00
AlaBKR .ccveevrnenicernenccerieccccanecaccacceacanons tannes 26,376

This mileage does not ‘include the more than 3,000 miles of the lake
coasts nor the nearly 5,000 miles of rivers which are lighted, but it does
include the Alaskan coasts which are not lighted.

In the office of the Light-House Board at Washington are preserved,
bound in some 800 volumes of from five hundred to one thousand
each, the letters it has received, and in as many more volumes the copies
of letters it has written. In those received is recorded the results of th3
experience of the Light-House Establishment. The Board has made that
available by a peculiar subject-card index. It is contained in 6 cases, each
of which has 32 drawers, in each of which is an average of 2,100 cards,
all containing something over over 400,000 cards. In addition to this
subject-index, which of course has many cross-entries and therefore many
duplicates, it has a chronological personal index of the same matter run-
ning through some 34 volumes, in which there are, say, about 300,000
entries. T%le Board thus has access to the wealth of material contained in
this library of correspondence on the techniques of its art, which otherwise
would be buried in its own bulk.



111

8. LIGHT-HOUSE ESTABLISHMENT.

EXTENT OF U.

! , |

600y | gee | S8E | 2IS | 287 mlmaa lzve | ver |ou ez |zey | eos't!ves ‘..|81~ Ly | TeL_[epivjoleqmounmog,

Lo ettt It e o1c |Ter |eor Wi (¥ |ou 16 | yie | 8ol | 281 ‘«8 | 29 | sL9 (vpre paaq3j[un wiox,

LR T Dt e e 2L |#9 [6ST 801 |05 |¥8 |10z |LOZ | WOI'I |69 | 939 | O8% |geg |7t tTttefonq semiy

I Lttt ett D 1 |e 1 | iU by et |3 Y 16 (6 |y [cooecee wdongqay

Lg  [romorofreseseiessess J I R Ittt It g 3 s |1 ¥ |9 |8 |6 |elengdumsiim

o 2 St oot 52 I 2 B S ] it oz (2v lw let |z lz» (19 |e8 [ ocsueoesq-dug

-1 S Rl N T (¥ (¥ s ¥ |9 [T € (9% (8 (68 (8 |8 | miomoupdg

pegesede smeitieBog

T I S it M 9 Jea |wm |t or [g  [eterftee (4 9 |Tr |2 |or |awieq o mwai 8q

pernade sppuln-dag
— S J—

o9 |gse |cse (21s (W | zz |08 |89 |o. fop foe ser[i0r |2 el ¥ |09 [P/ pPoyudy woL
svsace ‘ ‘ EXT L TR ER R R TRY [Prapapas ‘ ---------------- bdeleecceslecave-|rsvancf(cevnnc]|occncciccncec]canan. ! N ﬁ nnnnnnnnnnnn | G A AR .hQﬂpﬁsa«‘H
N ‘ﬂ g ..... . .ﬂ ...... QN seeaser]|.cnae |s0ccns) cecec|.aaa0- M ............ N csces @ ﬁ ‘ b Q sose -..-Q.ﬁoo‘.-‘..‘-.ﬂ
SL [ese'r|Loe'r|ges'r (LT [-ocee 8g T oo
N s s csecotue O ------ 3
- |u o1 SOSINL Mt A o1 sosue[-eduey
eIt 8L 17,1 S A *t 02 oy 83( SUl0)Ue| ST
L~ |%L LT [ttioe |8 15
1 61 |01 [ccotiee |y |00l Sy
s $82 g8gg |"cocctt 7] 9t 148 Ry
...... LCOE R (SR it N R A
— (28 (I8 |t B |y |(® )

z 02 @ |t e |1 |8 1
I [T I ceeclgr (ow 9
...... 1 ﬁ cesvecsistencnsliccee .H _ _ .H
s | s T 4 T
Bl B FIE|E|BIE|BIE 23| F|EiElEs 8B B8
S, Bl E 5| ElE|8 sl8|g|8 Bl EIE zlaig|g
-9 | =5 o ) a g 2 & = o * a o (>4 = mu & = =
° ] ~ m d ol o 5 8 5 a - gl & = m .
5| 83| =2 2| & £ | F|EB|2|lg 2|2 B|5| 8 |8 5)&8 ) 4
NE 1 ®g | 4 -3 T T I - T S s = | = 2 e a 82|88
7| 3|3 FROE B BIE|E|E|F|R|EIE|FIF|E 8|7
m m ! el 2| 2|8 | 5|8 #
] e &
- - =~ |

'988T ‘08 PUNL WO FUSWYSHQVIST OSMOF-IYOVT $933S popup oyr Aq pousiuspw wouvbravu 0} SPIY



CaarrEr XII.

LIGHT DUES.

The heavy tax laid on American commerce by Great Britain in the way
of light dues has provoked American merchants into taking steps for re-
taliation. Hence the Light-House Board has several times been called on
to show cause why light dues should not be charged upon British shipping
coming into American ports, and also why the Light-House Establish-
ment should not be made self-supporting by charging light dues against
our own commerce. It has uniformly responded that light should be as
free as air, that its work was done not only in the interests of commerce,
but for the sake of science and humanity, and that it should be supported
from the national treasury as is the Army, the Navy, or as is the Coast
Survey or Life-Saving Service.

It appears that light-houses were first erected in Great Britain by
private parties for personal purposes. Then lights were erected at the
instance of cities and for local purposes; finally in the same interests, and
by similar methods, coast lights were established. They were all, how-
ever, in due time recognized by the Government, and as a rule, those who
erected them were authorized to exact toll from passing vessels as a re-
payment fur their expenditures. Then certain lights were built at the ex-
pense of the Crown. Thus there grew up a complex system, operating
differently in the various parts of the kingdom, and subject to constant
change. The one fact, however, remains that each vessel must pay toll to
each light it pusses, or might pass, in making or leaving a British port.

Parliament, recognizing this anomalous condition, from time to time
passed acts under which most of the private lights were brought under
public control. It was in 1336, however, that what may be styled the
organic act of the light-house establishment of Great Britain was
passed. It made provisions for bringing all the light-houses of England
and Wales under the direction of the Trinity House Corporation, for giv-
ing it certain control over the Irish and Scotch lights, and for placing the
building of future lights under its orders. And by the same act it trans-
ferred the crown lights to the Trinity House Corporation, as the British
light-house establishment is called, and empowered that body to buy up
all the light-houses belonging to private individuals. It also gave to
the Trinity House the power to collect light dues throuzh the custom-
houses, but required it to account to the owners of the private lights for
their share of the light dues.

These dues differ with th importance of the lights, the size of the pass-
iag vessels, an 1 the kinl an 1 quntity of thair cargo. It does not appear,
however, that there is any discrimination made as to natiounality. British
vessels pay equally with American,
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The rates paid by each vessel foreach light vary from six-tenths of a penny
to a pennv per ton. But in addition to the tonnage tax is a certain other
tax levied on each keel, and in case of certain Irish lights a separate tax
of 3 shillings is “ levied on every entry, cocket, or warrant for goods, 1n-
ward or outward bound,” with again certain other exceptions. but empty
vessels, or vessels in ballast, as a rule, are nearly exempted from light dues.

The regulations under which the light dues are levied, collected, and
paid may, however, be changed at will by the Trinity House in every
respect, including place and time of payment, as well as rate. So it can
hardly be said that any settled system of rates prevails. The Board of
Trade, to which the Trinity House attorns, occasionally re-adjusts the
rates, even at this time. The changes, however, have generally taken the
nature of reduction and the form of abatement. Several years ago there
was an abatement, of 60 per cent. ordered ; now, however, the abatement
on the light dues is but 55 per cent.

A full statement of the light dues levied, collected, and paid may be
found in a Blue Book of some three hundred pages, made up of tabular
statements, already so consolidated that further intelligible consolidation
seems impracticable. It is entitled ‘ Consolidated table of duties for
lights, buovs, and beacons in Great Britain and Ireland, chargeable on
oversea and coasting vessels, prepared under the direction of the Corpora-
tion of Trinity House, London, with the assistance of the light-house
boards of Edinburgh and Dublin.”

It is difficult, if not impossible, to determine, except from experience,
what a given ship must pay as light dues for a given voyage, as the rates
are calculated upon, not only the lights she actually must pass in the course
she does take, but those lights she might pass it she followed the sinuosi-
ties of the coast. This is governed by the rules made by the Board of
Trade and enforced through the Trinity House; for instance, at this time
vessels going from Portland, Me., to Liverpool pay light dues to Cape
Race light, though they may not pass within several hundred miles of it.

Payment of light dues is made to and enforced by the customs officers,
and they are a lien on ship and cargo. They usually appear in the bill of
port charges.

The light dues actually paid by American shipping differ as to the ports
they enter, since by that means it is ascertained to what lights they must
make payment. '

How much has been paid by American ships as light dues to Great
Britain it is hard to say. Mr. Abbott Lawrence, then minister to England,
in his discussion with Lord Palmerston in 1851, stated that in the pre-
vious year the light dues collected by Great Britain amounted to between
£400,000 and £500,000, and that the United States had paid one-four-
teenth of all. 'This would make our payment, say, $160,000 for that year.

I have been unable to find any tabulated statistics showing the amount
paid by American shipping as light dues. But, as an instance, it may be
said that the American Steam-ship Line of Philadelphia paid as light dues
on its four steamers during 1875, 1876, and 1877 $36,000, being at the
rate of $250 per voyage for each of the one hundred and forty-six voyages
made by them. But the amount paid directly as light dues is only a small
proportion of what has been paid indirectly. This fact is thoroughly
recognized by the British Government, and was well formulated by Sir

154A ——8
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Robert Lowe, in the winter of 187172, in his reply as chancellor of the
exchequer to a deputation of British ship-owners, who urged the assum(;‘)-
tion o(} light dues by the treasury, when he said ‘“that the ship-owners do
not pay the light dues, but that they ultimately fall on the consumers, in
consequence of the proportionate increase in rates of freight;” and on
that ground Sir Robert declined to recommend that the Government take
any action in the matter. Hence, it may be safely assumed that the
United States pays the light dues on all it sends to and receives from Great
Britain, whether carried in American or foreign bottoms.

The question of the abolishment of light dues is not a new one, nor is
it confined to one country. The English themselves are very restive
under their collection. In 1822 it was considered in connection with
other questions relating to shipping interests by a parliamentary commit-
tee; and it was discussed again in 1834, then in 1845, and still again in
1860. In 1858 an inquiry was made on the subject by a royal commis-
sion, which reported in 1861.. Each of the select committees and the
royal commission reported in effect ¢ that the levying of light dues was
unjust in principle.” The select committee of 1860 approved “ the sound
and liberal policy ” recommended by the committee of 1845, ‘ that the
nation generally should pay the cost of maintenance of lights,” and the
select committee of 18456 took much evidence, which was printed August
1, 1845, with a voluminous report, holding the following language:

Your committee are of opinion that the relief to the shipping, the benefit to the

coasting trade, and the advantage to the naval service by taking off light dues alto-
ether froin commercial shipping, and paying the expense of maintenance from the
reasury would be great, and is most desirable to be effected.

On December 31, 1850, the minister from the United States at the
Court of St. James, Mr. Abbot Lawrence, as authorized by the Secretary
of State, Mr. Webster, addressed Lord Palmerston, principal Secretary of
State for Foreign Affairs, on the subject of abolishing the light dues
charged American vessels. The dispatch discusses the subject with such
cogency and enforces the demand with such facts that Lord Palmerston
in his reply of February 6, 1851, did not attempt to refute the argument
or deny the facts, but contented himself with replying that in many cases
the power to levy light dues had become a vested right which could not
be readily extinguished, and that * Her Majesty’s Government have no
right or power to order these corporate bodies to abstain from levying
these duties.”

The discussion was closed for the time being by the report of Mr.
Lawrence to his Government that—

The application was not sucoessful, but at the same time it was not met by a posi-
tive refusal ; and I am not without hope, since other foreign powers, as well as British
ahip-owners, are nunited with us, that at an early day a way will be found for effect-
ing this reform.

Lord Palmerston, it appears from the language he used in debate in
Parliament on the subject some years after, changed his views somewhat,
for he is quoted as saying ‘“ he thought the nation ought to pay the expense
of lighting the coast.”

The plea of Lord Palmerston that “the power to levy light dues had
in many cases become a vested right, and could not be readily extin-
guished,” can hardly be used now, as the Trinity House has, by the power
vested in it by the act of 1836, before referred to, the power to buy up all
the light-houses belonging to private individuals, and these individuals
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are compelled, under the act, to sell at prices to be fixed by arbitration.
And it further appears that the Trinity House, in the six years succeeding
the passage of the act, actually paid out £1,250,000 for this purpose; but
it does not appear that the Trinity House continued to exercise its power,
and it may be that many light-houses are yet owned by private parties.

It has been suggested that the English light dues charged against
American ships may be extinguished by purchase. While no opinion is
expressed as to the propriety of this course, it is submitted that the fol-
lowing precedents seem to bear on the subject.

Under the treaty of Washington, of April 11, 1857, it was agreed that
$393,011 be paid to Denmark to extinguish what were known as the
Sound dues.

Under the treaty of Berlin, of 1868, it was agreed that about $36,000
should be paid to Hanuver to extinguish what were known as the State
dues, heretofore levied on our trade on the Elbe River.

Under the treaty with Belgium, made at Brussels July 20, 1863, it was
agreed that the United States should participate in the benefits of the
treaty made on the 19th of April, 1839, between the King of the Belgiaus
and the King of the Netherlands, by which it was agreed that $550,000
should be paid to the King of the Netherlands, in annual installments, in
return for the extinguishment of the Scheldt dues. Of this sum the United
States agreed to pay its proper share; and, doubtless, the payment to Bel-
gium of $61,584, mentioned in the disbursement for 1872 for the extin-
guishment of the Scheldt dues, closes the account.

While the dues thus extinguished were of various kinds, light dues in
each case entered into them as one of their items, and the governments to
which the dues were paid, bound themselves by the treaties requiring their
paymeunt, to keep the lights and aids to navigation in good order perpetu-
ally thereafter.

It bas been suggested that retaliatory steps should be taken, and that
each country should charge light dues against British shipping so long as
Great Britian makes this charge against the shipping of other countries.
It is hoped that no such backward steps will be taken by the nations rep-
resented in this Congress.

The stand was taken in the early days, that civilization required that
the United States should by her Light House Establishment, her harbor im-
provements, her Coast Survey, and her Life-Saving Service, do what she
could, as a duty to humanity at large, to ensure safety to those who sought
her shores. No reason is seen for changing the policy at this day.

When Mr. Lawrence, in 1851, approached Her Majesty’s Government
as to the abolishment of light dues, i:e stated that there were ‘ more than
three hundred light-houses, with a proportionate number of floatin
lights, buoys, ete., which are given to the use of the world by the Uniteg
States without tax or charge.” Now, the United States maintains some
seven hundred light-houses, two hundred and thirty-eight fog-signals,
three hundred and eighty-eight day-beacons, and some forty-three hun-
dred buoys on its 64,000 miles of coast line (including bays, islands, and
rivers), besides its two hundred and fifty lights on the Great lakes and its
thirteen hundred lights on the Western rivers; and the countries to the
south of the United States maintain some one hundred and eighty-nine
light-houses, and other aids to navigation in proportion.

It is therefore suggested that this International Congress take the proper
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steps to urge each country represented in its deliberations to consider the
propriety of taking the necessary measures to make and keep its lights
free to the commerce of the world.

In Great Britain, prior to 1836, the charge was from one-sixth of a
})enny per ton to 1 penny per ton, on all ships at each time of passing a
ight, but by the act of that date a uniform charge of half a penny per ton
was laid, except ships passing Bell Rock light-house, which are charged
double that rate. The light dues are collected by the customs officers.

The United States charges shipping no light dues.

France charges shipping no light dues.

Spain charges shipping no light dues.

Denmark charges shipging no light dues, except at Bandholm, where
24 skillings per ton loaded and 4 skillings in ballast are charged. At
Thisted 14 skillings inward and outwan’%s are charged as buoy-money.
One skilling is equal to three-fourths of a cent United States currency.

Belgium charges our shipping entering its ports no light dues. Belgium
has light dues, but United States shipping is exempted from them under
reciprocal treaty regulations.

Austria levies a tax, which is collected by the deputies of the exchange
at Trieste. The charge for vessels of from 50 to 100 tons is 1 kreuzer per
ton; for vessels over 100 tons, 1§ kreuzer. One hundred kreuzers are
equal to 48 cents in gold, or 33.6 cents in silver.

In Mexico foreign vessels Kay light-house duty for entering and depart-
ing from each port where there is a light-house, $25. Steamers pay,
when they bring merchandise, a light-house duty, where there is a light-
house, of $100, and for sailing, after discharging, a light-house duty of
$100. Sailing vessels, coming loaded with stone coal, pay only light-house
duty where there is a light-house. Passing vessels carrying dye-woods
and other national products to one or more ports of the republic are ex-
empt from the payment of light-house dues. These dues are collected by
the custom-houses.

Honduras charges 12 cents per ton, register.

Guatemala apparently charges no light dues ; if so, they are embraced in
anchorage dues collected through the customs.

Nicaragua charges a half real per ton, register. But under a treaty, ves-
sels of the most favored nations are exempted.

Costa Rica charges a half real, or 6 cents, per ton.

The United States of Colombia charges light dues of 5 cents per regis-
tered ton for the first 100 tons, and 2} cents for each ton in excess of 100.

Venezuela charges light dues of 6 cents per ton at La Guayra, although
there are no light-houses near the port.

In British Guiana there are apparently no light dues.

French Guiana charges 20 centimes per ton.

Dutch Guiana charges a light fee of $10.

Brazil charges vessels entering its ports light dues of 100 reis or 5%
cents per ton. Light and anchorage dues are not levied on vessels put-
ting into port, or on vessels bringing one hundred colonists. These dues
can not be collected in all the ports of Brazil over six times in one year.

Uruguay charges light dues of 4 cents per ton on every vessel coming
from, or proceeding to, places outside the Capes.

Argentine charges light dues of 8 cents per ton, register, “ Ocean ves-
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sels pay light and port dues at the first custom-house of' the republic at
which they touch, and, should they enter the rivers, bound for a riveraine
state port, without touching at a national (Argentine) custom-house, they
will, in that case, pay these dues at the Argentine consulates established
in such ports, and the cousuls, with a view to carrying out this law, will
take what measures may be necessary.”

Chili charges light dues of 10 cents per register ton, incurred only by
vessels with cargo, and payable on discharge of the same. Should the
quantity discharged not exceed 25 packages, or 25 tons of cargo in bulk,
tnen the only exaction is 25 cents per package or ton. '

Peru charges at Callao 1} cents per register ton every time a ship
enters a port.

Ecuador: At Guayaquil the dues are 37} cents per ton. When a ves-
sel shall have paid the port dues in one port of the republic, and shall
proceed to another to finish discharging cargo, it shall be free in the sec-
ond port from tonnage dues, but not from any other. :

Falkland Islands: Port Stanley was, prior to 1870, a free port. Now
there is a charge of 6 pence per register ton, which includes light, pilot-

, and harbor dues. The light gues are not given separately.

San Salvador: Port charges are 10 cents per ton. The light dues, if
any, are included in this amount. The charges are not itemized, but
under treaty regulations United States merchant vessels are to be treated
as national vessels, and as the ships of the most favored nations, which prac-
tically exempts them from light-house dues.

Netherlands: Light, beacon, and tonnage dues are abolished. No
charge is made for the placing of buoys, lights, or beacons in navigable
waters, except (1) light dues charged at particular places for the ligﬁin
of harbor lights not in the interests of general navigation of the channef,
but for facilitating apl}()roacb to those places, and (2) beacon dues for
placing beacons in creeks and small channels leading to particular places
and exclusively for facilitating approach to those places.

Russia: The light dues charged at Russian ports in the Black Sea are
per ship of whatever tonnage from 10 tons to 1,000 tons, 7 roubles and
15 kopecs (or $5.36}) per ship. At Archangel the charge for buoy money
is 60 kopecs (or 45 cents) per ship.

Finland : There is no fixed charge for lights. It depends on the num-
ber of lights passed before arrival at destination. At Wiborg, a vessel
of 227 tons was charged for lights and signals in the gulf, 46 marks 8
penni, and a vessel of 177 tons was charged for lights and beacon dues
61 marks 50 penni; at Uleaborg, a vessel of 200 tons was charged for
beacon dues 60 marks. One hundred penni are equal to 1 mark, which is
equal to 1 French franc.

Germany makes a charge for light dues of about 6§ cents per ton.

Italy makes a charge for li%ht dues of 50 centimes, or 10 cents, per ton;
but at Leghorn the charge is but 20 centimes per ton.

At Gibraltar vessels are charged $§1 coming in, and the same going out
of port for light dues.

At Port Adelaide, Australia, vessels e(ﬁ)ay 3 pence per ton as light dues.

China: There are no light dues levied as such, but the light-houses are
supported from a tonnage-tax levied on all vessels visiting the open ports,
as are the harbors and the like. Junks are not taxed, but native vessels
built in foreign style pay the same tonnage as that levied on foreign vessels.
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LIGHT-HOUSE ADMINISTRATION.

In treating of this subject that of the United States is first mentioned
and at the greatest length, simply because the most authentic material is
at hand.

THE UNITED STATES.

The Light-House Board, which has charge of all lights and other aids
to navigation, is, under the organic act of August 31, 1852, composed of
two officers of the Navy of high rank, two officers of the Corps of Engi-
neers of the Army, two civilians of high scientific attainments, whose
services may be at the disposal of the President, and an officer of the
Navy and an officer of the Engineers of the Army, as secretaries, the
Secretary of the Treasury being ez-officio president, and in his absence a
member, as chairman, elected by the Board to preside.

The following is a list of the members of the Light-House Board, at the
present writing :

- Hon. William Windom, Secretary of the Treasury and ex-officio presi-
dent of the Board ; Rear-Admiral gavid B. Harmony, U.S. Navy, chair-
man ; Brig.-Gen. Thomas Lincoln Casey, Chief of Engineers, U. S. Army ;
Mr. Walter S. Franklin, Baltimore, Md ; Col. William P. Craighill, Corps
of Engineers, U. S. Army ; Capt. Robert L. Phythian, U. S. Navy, su-
perintendent of the Naval Observatory ; Prof. Thomas C. Mendenhall,
superintendent of the U. S. Coast and Geodetic Survey; Commander
George W. Coffin, U. S. Navy, Naval Secretary ; Maj. James F. Gregory,
Corps of Engineers, U. S. Army, Engineer Secretary.

he light-house districts are divided and officered thus:

First district.—Extends from the northeastern boundary of the United
States to include Hampton Harbor, New Hampshire ; covers the coasts of
Maine and New Hampshire. Inspector, Frank Wildes, Commander, U.
8. Navy, Portland, Me. ; Engineer, William 8. Stanton, Major of Engi-
neers, U. S. Army, Boston, Mass.

Second district.—Extends from Hampton Harbor, New Hampshire, to
Sakounet Point, Rhode Island ; covers the coast of Massachusetts, except
a small portion of Narragansett Bay and Taunton River. Inspector,
Albert S. Barker, Commander, U. S. Navy, Boston, Mass.; Engineer,
William 8. Stanton, Major of Engincers, U. S. Army, Boston, Mass.

Third district.—Extends from Sakonnet Point, Rhode Island, to include
Squan Inlet, New Jersey; covers the sea and sound coasts of Rhode
Island, Connecticut, and New York, Narragausett and New York Bays,
Taunton, Providence, Connecticut, and Hudson Rivers, Whitehall Nar-
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.rows, and Lakes Champlain and Memphremagog. Inspector, Frederick
Rodgers, Commander, U. 8. Navy, Tompkinsville, Staten Island, N. Y.,
Engineer, David P. Heap, Major of Engineers, U. S. Army, Tompkins-
ville, Staten Island, N. '§

Fourth district.—Extends from Squan Inlet, New Jersey, to include
Metomkin Inlet, Virginia ; covers the sea-coast of New Jersey below
the Highlands of Navesink, the bay shores of New Jersey and Delaware, the
sea-coasts of Delaware and Maryland, and part of the sea-coast of Vir-

inia. Inspector, John J. Read, Commander, U. S. Navy, Philadelphia,

a.; Engineer, Edward Maguire, Captain of Engineers, U. S. Army,
Philadelphia, Pa.

Fifth district.—Extends from Metomkin Inlet, Virginia, to include New
River Inlet, North Carolina; embraces part of the sea-coasts of Virginia
and North Carolina, all of Chesapeake Bay, the sounds of North Caro-
lina, and the rivers tributary thereto. Inspector, Silas Casey, Captain
U. 8. Navy, Baltimore, Md.; Engineer, John C. Mallery, Captain of En-
gineers, U. S. Army, Baltimore, Md.

Sixzth district.—Extends from New River Inlet, North Carolina, to in-
clude Cape Canaveral light-house, Florida. Covers part of the coast of
North Carolina, the coasts of South Carolina and rgia, part of the
coast of Florida, and the Savannah and St. John’s Rivers. Inspector,
R. D. Hitchcock, Lieutenant-Commander, U. S. Navy, Charleston, S. C.;
Engineer, John C. Mallery, Captain of Engineers, U. S. Army, Charleston,
8. C. - i

Seventh district.—Extends from Cape Canaveral to include the Perdido
River, Florida ; covers the coast of Florida, except that from Cape Can-
averal northward. Inspector, Gottfried Blocklinger, Lieutenant, U. 8.
Navy, Pensacola, Fla.; Engineer, Walter L. Fisk, Captain of Engineers,
U. 8. Army, New Orleans, %;a :

Kighth district.—Extends from the Perdido River, Florida, to the
southern boundary of Texas; covers the coasts of Alabama, Mississippi,
Louisiana, and Texas, Mississippi Sound, Lakes Borgne and Pontchar-
train, Mobile, Atchafalaya, Galveston, and Matagorda Bays, and the
Mississippi River from its mouth to New Orleans, La. Inspector, Will-
iam W. Mead, Lieutenant-Commander, U. S. Navy, New Orleans, La.;
Engineer, Walter L. Fisk, Captain of Engineers, U. S. Army, New Or-
leans, La.

Ninth district.—Includes all aids to navigation on Lake Michigan, Green
Bay, and tributary waters lying west of a line drawn across the Straits of
Mackinac at the narrowest part east of McGulpin’s Point light-station.
Inspector, Charles E. Clark, Commander, U. S. Navy, Chicago, Ill.; Eogi-
neer, William Ludlow, Major of Engineers, U. S. Army, Detroit, Mich.

Tenth district.—Extends tfrom the mouth of St. Regis River, New York,
to include Grassy Island light-house, Detroit River, Mich. Covers the
American shores and waters of Lakes Erie and Ontario, and the St. Law-
rence, Niagara, and lower part of Detroit Rivers. Inspector, Charles V.
Gridley, Commander, U. o. Navy, Buffalo, N. Y. ; Engineer, L. Cooper
Overman, Major of Engineers, U.S. Army, Cleveland, Ohio.

Eleventh district.—Extends from Grassy Island light-station, Detroit
River, to the Leal of Lake Superior. Covers the American shores and
waters above Grassy Island light-housz, Detroit River, Lakes St. Clair,
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Huron, and Superior, Straits of Mackinac, and River St. Mary. In-.
spector, Horace Elmer, Commander,U. S. Navy, Detroit, Mich.; Engineer,
William Ludlow, Major of Engineers, U. 8. Army, Detroit, Mich.

Twelfth district.—Extends from the boundary of Lower California to
the southern boundary of Oregon; covers the coast of California and San
Francisco and San Pablo Bays. In%;pecmr, Nicoll Ludlow, Commander,
U. 8. Navy, San Francisco, Cal; Engineer, William H. Heuer, Major
of Engineers, U. S. Army, San Francisco, Cal.

Thirteenth district.—Extends from the southern boundary of Oregon to
British Columbia ; covers the Pacific coast of Oregon and Washington,
Puget Sound. Columbia River, and the American shores and waters of
the Strait of Juan de Fuca. Inspector, William W. Rhoades, Lieutenant-
Commander, U. S. Navy, Portland, Oregon ; Engineer, Thomas H. Hand-
bury, Major of Engineers, U. S. Army, Portland, Oregon.

Fourteenth disirict.—Includes all aids to navigation on the Ohio, Ten-
nessee, and Great Kanawha Rivers. Inspector, ﬁt:)lman Vail, Lieutenant-
Commander, U. S. Navy, Ciacinnati, Ohio; Engineer, William E. Mer-
rill, Lieutenant-Colonel of Engineers,U. 8. Army, Cincinnati, Ohio.

Fifteenth district.—Includes all aids to navigation on the Mississippi,
Illinois, and Missouri Rivers. Inspector, Charles S. Cotton, Com-
mander, U. 8. Navy, St. Louis, Mo. ; Engineer, Charles R. Suter, Lieu-
tenant-Colonel of Engineers, U. S. Army, St. Louis, Mo. '

Sizteenth district.—Includes all aids to navigation on the Red River
and the Mississippi River from New Orleans to the mouth of the Ohio
River. Inspector, Edward M. Hughes, Lieutenant, U. 8. Navy, Mem-
Bhis, Tenn.; Engineer, Charles R. Suter, Lieutenant-Colonel of Engineers,

. 8. Army, St. Louis, Mo.

ADMINISTRATION.

Great Britain—The Trinity Corporation, which developed the English
system under the advice and assistance of eminent engineers and philos-
ophers, existed in the reign of Henry VII, as a respectable company of
mariners in the college at Deptford, having authority by charter to pros-
ecute persons who destroyed sea-marks, etc.; and Henry VIII, May 20,
1514, formed them into a perpetual corporation by the name and style of
the “Masters, Wardens, and Assistants of the Guild or Fraternity of the
most glorious and undivided Trinity, and of St. Clement, in the parish of
Deptford Strond, in the county of Kent.” This corporation is now pop-
ularly known as the Trinity House; it has entire control of the light-
houses of England and Wales, and certain powers over the Irish and
Scotch lights.

Scotland.—The Commissioners of Northern Light-Houses, incorporated
by the act 38th George III, c. 58, have charge of the Scottish lights.

Ireland.—The Ballast Board of Dublin, were by the 23d George 111,
c. 19, put in charge of the Irish lights. :

France—The light-house service here is under the ministry of Public
Works, and a special commission, called “ Commission des Phares,” which
body consists of naval officers, marine engineers, hydrographers, members
of scientific bodies, and other gentlemen distinguished for their scientific
attainments in various professions, all of which have to do with branches
of science connected with coast illumination. The general conduct of the
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service is under an officer called Directeur Général des Phares, who is an
engineer, and has other engineers under him.

Sweden.—The lights are under the Admiralty, and managed by a direc-
tor and officers who have military rank, and engineers.

Norway.—The service is under the Royal Marine Department.

Turkey—The light-house service is under the Admiralty ; and the
system is now in the course of development.

in.—Here the system of administration is almost the same as that
of France. It is under the control of the Department of Public Works,
to which is attached a standing committee of the roads, canals, and ports
corps, and of the officers of the Royal Navy of high rank. This com-
mittee has a voice in the decision of questions of high importance, such as
a change in the general plan of lighting, the establishment of lights of new
kinds, the adoption of new illuminants, and the like. In other matters
the work is left to the engineers assigned to the different sections of the
coast. Engineers of a higher grade, called inspectors, supervise the dis-
trict engineers and their work, and visit them from time to time. The
agtains of the ports watch and report to the engineers, and to the home
office as to the action of the lights and beacons.

Denmark.—The Ministry of Marine has charge of the light-house
service. They decide directly upon all matters relating to the establish-
ment of new lights, the alteration of old ones, the personnel of the estab-
lishment, and buoyage.

Holland.—The Ministry of Marine also has charge of this light-house
service. There are under it, however, district inspectors and an in-
spector general, who inspects each district from time to time.

Belgium.—The Minister of Public Works has charge of this light-house
service, which is exercised through the corps in charge of roads and
bridges, called the Ponts et Chaussées. The navy has charge of the light-
houses after they are built, and is responsible for their maintenance. The
personnel is under the charge of the inspectors of pilotage and the general
director of the navy, to whom the inspectors report infractions of disci-
pline, inflict punishment, which can only be remitted by the minister.
Radical changes in the system can only be made by the Department of
Foreign Affairs and that of Public Works in consultation.

Austria.—The Imperial Royal Admiralty has charge of the Austrian
light-house system, which is exercised through the deputies of the ex-
change at Trieste. They erect light-houses, make repairs, attend to the
appointment, discipline, and payment of light-house keepers, and collect
light-honuse dues. No new light-houses can be erected, nor can any
material change be made in an old one, without the approval of the
Admiralty, to which the matter is submitted by the Commission of Ex-
change.

Russia.—The Hydrographic Department has charge of the Russian
light-house service.

China.—The lights on the coasts of China are under the charge of the
Inspector General of the Imperial Maritime Customs, whose headquarters
are at Peking. He has under him an Engineer in Chief who is responsi-
ble for construction and repair and the (%oast Inspector who is charged
with the maintenance and the personnel of the stations. There are other
officers under them who carry out their orders.
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All the South American countries have organized more or less complete
systems for lighting their coasts, and generally the existing lights are well
maintained.

The i)resent systems contemplate many proposed or intended lights
(particularly on the coasts of Brazil and Chili), which will probably be
put in operation as the needs of commerce require or the means of the
governments admit.

The following tabular statement of the number of lights maintained in
each country, and the number against which reports are recorded as to
their reliability, will show comparatively the extent and efficiency of the
existing service or system :

No. of '?opo In. No.of irregular
0. of irregular 0.0 '3
Nationality. lights. or unre- Nationality. lights. or unre-
liable. | liable.
Mexico British Guians ......cccoeuee.. | 3 PUS
Eastcoast.......cccc....... 12 8 DutchGuiana........c.ccca... -3 I,
estoonst.......c......... 4 1  Frenoch Guians................ 5
Belize and coastof British Hon- Brazil ..ccoaniiiiiieiiinananns 64 |.cee......
UFBB ...cccenuvsccsnannnnnnns 10 2 (| Uruguay .ccoececceececoneran. 13 1
Costa Rica: Argentine.......ccaueuciimenn. 11 1
Eastcoast........cccc00.an. ) B I (07,311 PN 20 | .eiennenn
Westcoast. ................ 1 1 Poru ....ccececeecciacecanane- 10 1
United States of Colombia: || Bouador....c..ccuvueennnennn-- [ PO
Eastocoast ........cc.ccc... 8 3 Nicaragua........ccoccvieeann. 2 2
Westocoast....ccccccune.... 3 P, San Salvador........cccccae... 3 3
Venezuola........ceceenncannne 7 3| Goatemala .....ccccvceanne ... 1 1

These lights, taken all together, may be thus described : There are 106
fixed lights, 5 flashing lignts, 18 revolving lights, 18 lights which are
fixed and varied by flashes, 3 lights which show intermittently, and 3
lights the character of which is not given.

Generally speaking, the dangers and the fairways in the approaches
to the South American ports, as well as those in Mexico and Central
America, are buoyed or have been buoyed. There is often great delay
in replacing buoys when adrift, in many localities, especially in the mouths
of rivers, and too little attention paid to the publication of changes in
buoyage or other aids to navigation. There is a lack of uniformity in
buoyage, and a uniform system is desirable; also a uniform system of re-

rting and publishing changes, particularly in regard to locating the
E::o_vs. In tnis particular a uniform system of reporting position or bear-
ings of all aids to navigation is very important. It is seldom that the
geographical position and the bearings given can be made to accord in the
reports received from the Spanish speaking countries.
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LIGHT-HOUSES IN CENTRAL AND SOUTHERN AMERICA.

It is unnecessary to recount to this distinguished assemblage the names
or the character of the magnificent, costly, and highly useful lights re-
cently established in the south. They are too interesting not to be well
known to all, but it may not be out of place to quote the following from
the publications of the ﬁrltlsh Admxralty and of the Hydrographic Office
of the United States Navy:

LIGHTS OF THE SOUTHERN NATIONS.

Tampico.—A tower of iron frame-work, on the north shore of Tampico
River entrance, a flashing white light, at an elevation of 141 feet above
the sea, and visible in clear weather from a distance of 18 miles; second
order.

Vera Cruz.—A white tower, 60 feet high, on the west angle of the
castle of San Juan de Ulloa, a revolvin whlte light, attaining its greatest
brilliancy every 45 seconds; 80 feet aiove tb% sea, and visible from a
distance of 15 miles in clear weather.

Vera Oruz.—A fourth-order fixed and flashing light, intervals between
flashes one minute, shown from the old convent of San Francisco, in the
city of Vera Cruz, at an elevation of 102 feet above high-water level,
and in clear weather the light should be seen from a distance of 15
miles.

Vera Cruz.—An electric light shown from an iron skeleton tower, at a
height of 170 feet above the sea, three-fourths of a mile south of San Fran-
cisco convent, and should be visible in clear weather from a distance of
19 miles.

Frontera de Tabasco.—From a light-house erected at the harbor, a fixed
white light, varied by a flash every %orty seconds, is exhibited at an eleva-
tion of 77 feet above the sea, and should be visible in clear weather—the
fixed light from a distance of 11 miles, and the flash from a distance of
13 miles.

Laguna de Terminos— Carmen Island.—From Sagatal point the coast
trends west by north 2} miles, to a small Indian village, having in it a
light-house, with the lower part red, and the upper part and lantern
white, from which a revolving white llght is shown, at an elevation of
100 feet above the’ sea, every half minute, visible in clear weather from a
distance of 14 miles.

Cam .—A fixed white light is shown from the town of Campeche,
at 95 feet elevation, and is visible 14 miles.

nwall (Colon)—Limon or Navy Bay.—On the northwestern extrem-
ity oﬂz{anzamllo Island, and SW. £ 8. nearly 3 miles from Point Longar-
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remos, a fixed white light is placed on the top of an open frame-work, at
an elevation of 60 feet above high water, and should be visible, in favor-
able weather, at a distance of about 10 miles; it is often difficult to dis-
tinguish this light from the ordinary white light carried by steamers.

Cartagena— Boca Chica.—From a light-house situated on the tower of
the disused convent of La Merced is exhibited a revolving white light,
with flashes every 15 seconds; it is elevated 160 feet above the sea, and
should be visible, in clear weather, from a distance of about 15 miles.

Galera Zamba.—A flashing light (white and green alternately every
minute) is exhibited from a light-house on the main-land, southeast side
of Galera de Zamba Bay. The light is visible over an arc of 135° be-
tween the bearings N. 71° E. and 8., 26° W.

Savanilla.—From a light-house near Cupino Beach, which extends
northeast from the red cliffs, a fixed and flashing white light is exhibited at
an elevation of 98 feet. The characteristics of this light are as follows:
Fixed thirty-five seconds, eclipsed nine seconds, flash three seconds, and
eclifpsed nine seconds. The flash is visible 15 miles; the fixed light not
so far. The light is obscured when bearing south of SE. by S. This
light is not to be relied upon.

Porto Belillo.—A skeleton tower, painted red, on Point Belillo. A
fixed light, 60 feet above the sea, and should be visible from a distance
of 15 miles in clear weather.

Puerto Cubello.—A quadrangular structure on Brava Point. A light
exhibiting red and white flashes alternately at intervals of forty seconds.
The light is 82 feet above the sea-level, and should be seen in clear weather
from a distance of 14 miles.

Port el Rogque.—A'light is exhibited from a light-house on the north-
east hill of El Roque. The light is revolving white, attaining its greatest
brilliancy once every minute; it is elevated 208 feet above the level of the
sea, and in clear weather should be seen from a distance of 15 miles.

Orinoco River.—A two-masted light-vessel, painted red, is moored in 3
fathoms of water between Sabaneta Bank and Barima Point, 7 miles from
the latter, from which is shown, at an elevation of 50 feet above the sea,
a fixed white light, visible in clear weather 9 miles.

Demerara River.—The light-vessel off the mouth of the river lies
NNE.,, ¢ E.; distant 8} miles from George Town light-house, in 3}
fathoms of water, and exhibits a fixed white light, which in clear weather
should be visible from a distance of 10 miles. The vessel has one mast
and is painted red. The pilots reside on board. ,

The light-bhouse at George Town is octagonal and painted with red and
white alternate vertical stripes; it is 100 feet high, and exhibits a revolv-
ing white light every minute, at 103 feet above the mean level of the sea,
visible from a distance of 16 miles; on the summit of the light-house
there is a semaphore signal post.

Berbice River.—From the light-vessel at the entrance of Berbice River
is exhibited a fixed white light, visible in clear weather from a distance
of 10 miles. The vessel is moored in 22 feet of water, at 9 miles NE.
by N. from St. Andrew Point (the east entrance point), and may be recog-
nized by being painted red, with the name Berbice on each quarter; the
vessel is roofed over, and during daylight carries a white flag with a red
ball in the center.
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Paramaribo.—At the entrance of Surinam River a light-vessel is
moored in 14 feet, at low-water spring tide, from which is exhibited a
fixed white light at an elevation of 25 feet above the sea, which may be
seen in clear weather from a distance of 4 miles. The vessel has two
masts, is painted red, and has on each side in white letters the name Suri-
nam. A red ball is placed on each mast-head. From the vessel Braam
Point bears SE. by 8., distant 4} miles. The position of this light-vessel
is not to be depended upon.

Maroni River.—From a white pyramid-shaped structure on Les Hattes
Point a fixed white light is shown, elevated 75 feet, and visible in clear
weather from a distance of 10 miles between the bearings of E. by N.
through south to W. by 8. A fixed white light is also shown from
a white pyramid-shaped structure on Kaimar Head. This light is ele-
vated 75 feet, and should be visible in clear weather from a distance of
10 miles, between the bearings S. § E. and W. § S.

Braganza Shoal— Eastern or Para Mouth.—A light-vessel is moored in
15 fathoms, about 14 miles northwestward of the north side of Braganza
shoal, with Tijoca Point bearing S. by E. and Coruza Point SE.
E. The light-vessel is painted red, has two masts, and exhibits a fix
white light, visible from a distance of about 4 miles. The position of
this vessel can not be depended upon, as she frequently drifts, and in
stormy weather moves under the lee of the banks, and sometimes enters
the river.

Cape 8t. Roque.—On Atalaia Point is a light-house, which exhibits a
revolving white light, varied by a flash every two minutes, and should
be seen in clear weather from a distance of 17 miles. The light shows
steady for seventy seconds, followed by an eclipse of sixteen seconds, then
a flash for twelve seconds, and another eclipse for twenty-two seconds;
total, one hundred and twenty seconds.

San Jodo Islands.—From a light-house erected near the northeast ex-
tremity of San Jodo Islands is exhibited, at an elevation of 78 feet above
bigh water, a fixed white light, visible in clear weather from a distance of
14 miles. The light-house, constructed of iron, is hexagonal in shape,
and painted red ; the keeper’s dwelling is white.

San Marcos or Maranham Bay.—Near the shore in the vicinity of
Morro Itacolomi, on the western side of San Marcos Bay, stands a large
two-storied white house surmounted by a square tower, which exhibits, at
an elevation of 149 feet above the sea, a fixed white light, varied by a
white flash every two minutes, and should be visible in clear weather from
a distance of 18 miles. On point and fort San Marcos, at 13 miles north-
east of the entrance to San Luiz Harbor, is a light-house which exhibits,
at an elevation of 119 feet, a fixed white light, visible 15 miles.

Santa Anna Island and Reefs.—From a cylindrical tower, 148 feet
high, painted white, situated about 1 mile within the east point of Santa
Anpa Island, is exhibited, at an elevation of 190 feet above high water, a
flashing light, showing in succession two white flashes and one red flash
of equal power, with an interval of thirty seconds between the flashes. It
should be visible in clear weather from a distance of 20 miles.

Rio Camocim.—From a light-house on Point Pedra do Sal is exhibited
a fixed white light, visible in clear weather from a distance of 10 miles. A
reef which dries lies 1} miles north-northeast of the point.
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Rio Grande do Norte.—At the entrance of Rio Grande do Norte, on
Fort Santos Reis Magos, is a round tower which exhibits, at the height
of 43 feet above the sea, a fixed white light, said to be visible in clear
weather from a distance of 10 miles.

Cape Branco.—From a light-house painted red, with vertical and hori-
zontal narrow white stripes, erected on Pedra Secca rocks, the northern
extremity of the off-lying reef, is exhibited, at an elevation of 52 feet above
high water, a revolving white light every minute, and should be visible
in clear weather 12 miles. From a distance the light-house appears red.

Rio Doce.—On the old fort of Montenegro, on Olinda Point, is exhib-
ited an occulting white light, giving alternate flashes of thirty and three
seconds, with eclipses of five seconds, visible in clear weather from a dis-
tance of 18 miles.

Pernambuco.—On the reef, 50 yards northward of Fort Picao, is a white
octagonal tower, standing on a rock covered at quarter flood, which exhib-
its a revolving light, showing twice a white face and once a red face alter-
nately every minute, but is reported to be irregular in its action. The
light should be seen in clear weather from a distance of 15 miles.

Cape St. Agostinho.—From an iron tripod light-house, painted white,
and 160 feet in height, is exhibited, at an elevation of 344 feet above the
sea, a fixed white light, and should be visible in clear weather from a dis-
tance of 25 miles.

Macri6.—On the southwestern point of the hill which overhangs the
town of Macei6 is a light-house, which exhibits, at the height of 208 feet
above the level of the sea, a light of the third order, which should be seen
in clear weather from a distance of 22 miles. The light is fixed, with a
flash every two minutes. It shows a steady white light for seventy sec-
ouds; it is then eclipsad for sixteen seconds; then a wiibe light for twelve
seconds; another ecll)ipse for twenty-two seconds; then again the steady
light, thus completing its phases in an interval of two minutes.

Port Aracaju.—From an iron, octagonal tower, painted white, on
SamOca Point, southwest side of entrance to the river, is exhibited, at an
elevation of 59 feet above the sea, a fixed white light, which should be
visible in clear weather from a distance of 10 miles.

On Pirahoca rock one cable from the shore near Itapuan Point is a
round iron light-house, painted red, which exhibits, at an elevation of 68
feg;. above high water, a fixed white light, visible from a distance of 14
miles.

A light is exhibited from Fort San Antonio at the height of 140 feet
above high water, and in clear weather begins to be seen as a faint light
from a distance of 18 miles, but this distance can not be depended on.
The light is revolving, showing two white faces and one red in succession,
which are distinctly seen at about the distance of 6 miles, the interval be-
tween each face being eighty seconds: the red light will thus be visible
once every four minutes. The light is obscured by the land northward of
W.by N. 3 N.

Morro San Pauwlo.—On the high cliff at the northern extremity is a
light-house 80 feet high, painted white, which exhibits, at the height of
276 feet above high water, a revolving white light, visible in clear weather
from a distance of 20 miles. The light revolves every minute, showing
a bright light for fifteen seconds, followed by an eclipse of forty-five
seconds. At a distance less than 8 miles the eclipses are not total,
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Sometimes, when the light-house is first seen above the horizon, it appears
like a vessel under sail.

Santa Barbara.—On the eastern part is an iron circular tower 50 feet
high, surrounded by a dwelling, which exhibits, at the height of 189 feet
above high water, a revolving white light, which attains its greatest
brilliancv every minute, and should be seen in clear weather from a dis-
tance of 20 miles. Within 7 miles a faint continuous light is seen; west-
ward of the light a small sector is obscured by Redonda lslet when within
3 miles.

Espirito Santo Bay.—On the hill of Santa Luzia, on the south side of
Espirito Santo Bay, is a light-house which exhibits, at an elevation of 66
feet above high water, a fixed white light, visible in clear weather from a
distance of 12 miles. :

Francesca Islet.—On the southern part, from a quadrangular stone
light-house, is exhibited, at an elevation of 155 feet above the sea, a fixed
white light, visible in clear weather from a distance of 14 miles.

Cape St. Thomé.—A light-house in the shape of a truncated cone, of a
red color, supporied on iron columns, is erected on Cape St. Thomé.
The keeper’s dwelling, painted white, is in the lower part of the structure.
The light exhibits white flashes every minute with total eclipses, and
should be visible in clear weather from a distance of 19 miles.

Cape and Port Frio.—On Focinho do Cabo Point, the southern extreme
of Cape Frio TIsland, is a round tower 53 feet high, painted light stone
color, which exhibits, at the height of 300 feet above the mean level of the
sea, a white flashing light every minute and a half, visible seaward through
an arc of 225 degrees, or between the bearings of SW. 4 W.and E. §
S. The duration of the eclipse is forty-five seconds, and the exhibition of
licht, which gradually attains its greatest brilliancy, is forty-five seconds.
The light should be seen in clear weather from a distance of 25 miles.
The light is not visible in the vicinity and westward of Ancoras and
Papagayos Islands.

Island.—The light-tower on Raza Island is 50 feet high and ex-
hibits, at the height of 315 feet above high water, an electric revolving
light, showing two white flashes and one red flash of about four seconds
duration each, with an interval of about eleven seconds between each flash.
The light should be seen in clear weather from a distance of 24 miles.

Moella Islet.—On Moella (Gizzard) Islet, a mile southeast of Manduba
Point, is a white tower, 40 feet high, which exhibits at the height of 334
feet above high water, a fixed white light, which may be seen in clear
weather from a distance of 12 to 14 miles.

Cananéia.—A square tower above the keeper’s dwelling, standing on
Bom Abrigo Islet. A revolving light showing two white flashes, fol-
lowed by one red flash, with intervals of fifteen seconds between the flashes.
It is 505 feet above the sea, and should be seen in clear weather from a
distance of 14 miles.

Paranagud Bay.—On Conxas Point, the east point of Ilha do Mel, is
an iron light-house 69 feet high, which exhibits, at an elevation of 262
feet above the sea, a fixed white light, visible in clear weather from a
distance of 20 miles. There is a pilots’ flag-staff at the light-house.

Arvoredo Islet.—From a light-house colored white, 48 feet high, on the
south point of Arvoredo Islet, is exhibited a fixed white light, varied
alternately by white and red flashes every two minutes; visib%e through
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an arc of 291 degrees, or between the bearings of 8. 12° E. through west,
and 8. 81° E. Itis elevated 292 feet above th2 sea, and should be vis-
ible in clear weather from a distance of 23 miles.

Santa Catharina Island.—Oua Point dos Naafragados, south point of
Santa Catharina Island, from a circular building 149 feet above the sea,
is exhibited a revolving light, attaining its greatest brilliancy every minute,
vigible in zlear weather from a distance of 18 miles.

Rio Grande do Sul.—At about 1 mile within the east point of entrance
of Rio Grande do Sul, from a reddish tower, is exhibited, at an elevation
of 96 feet above the sea,a revolving light. The light is visible seventy
seconds and eclipsed fifty seconds, and may be seen 1n clear weather from
a distance of 14 miles. A square watch tower, whitewashed, with flag-
staffs and yards for signals, stands near the light-house. Moveable bar
marks are also erected on the point.

Cape Polonio.—On Cape Polonio, from a light-house constructed of
gray masonry, with three white horizontal bands, is exhibited a fixed white
light elevated 137 feet above the sea, and should be vigible in clear weather
from a distance of 20 or 22 miles. The light-house appears like a sail
when sighted from the northward, and the bands, from want of white-
wash, are scarcely to be distinguished.

Cape Sunta Maria.—On Cape Santa Maria, from a light-house 125
feet high, is exhibited, at an elevation of 132 feet above the sea, a revolv-
ing white light, which attains its greatest brilliancy once in every minute,
and should be visible in clear weather from a distance of 18 miles.

San José Ignucio.—From a light-house on San José Ignacio Point, at
an elevation of 103 feet above the sea, is exhibited a fixed white light, vis-
ible in clear weather from a distance of 15 miles. This light-house i3 re-
ported to have two narrow white bands around the upper part, and one
around the lower part.

Maldonado Bay.—A tower 90 feet high on the east point of the bay.
An intermittent light of the first order, showing bright for one and a half
minutes and then eclipsed for twenty-five seconds. Visible from a dis-
tance of 18 miles.

Flores Island.—On the southwest extremity of Flores Island, from a
white light-house, 65 feet in height, is exhibited at an elevation of 106
feet above the sea, a revolving white light every minute, and should be
seen 12 miles in clear weather. The light (being better attended than
formerly) may now, it is said, be depended on.

Montevideo.—A fixed and flashing light, showing a flash every three
minutes, which lasts for fifteen seconds, 1s exhibited from a brown tower
within the fort on the summit of the Cerro, at an elevation of 486 feet
above the sea, and should be visible in clear weather at a distance of from
20 to 25 miles. This light, on account, perhaps, of its great height, is
not to be depended upon.

La Panela.—A light vessel is moored about 1 cable NNW. } W. from
the shoalest part of Panela Reef, and exhibits a fixed white light, 17 feet
above the sea, visible 5 or 6 miles. The light vessel is frequently out of
position after bad weather.

Colonia.—From a white light-house at Colonia, near the southwest
angle of the plaza, is exhibited at an elevation of 110 feet above the sea,
a white revolving light, which attains its greatest brilliancy every three
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minautes; the light is visible in clear weather at a distance of 10 miles.
The period of revolution is said to be irregular.

Also, from a light-honse on Farallon Island, there is exhibited at an’
elevation of 83 feet above the sea, a fixed white light, visible in clear
weather from a distance of 13 miles.

Buenos "Ayres.—At 5.8 miles E. 3 N. from Retiro Point, at Buenos
A yres, in a depth of 15 feet, is a hulk or stationary guard-ship, painted
black, with two masts, which shows a fixed white light about 20 feet high,
visible 7 miles. ' :

English Bank.—About one-third of a mile off the north end of English
Bank, in about 7 fathoms of water, is a vessel painted red, having three
muasts, and which exhibits a fixed white light, visible from 8 to 12 miles
in clear weather. The light vessel drags from time to time during heavy
gales; and, it would seem, is generally left in the position to which she
drifts. No confidence, therefore, can be placed in her as a guide to clear
the bank; and as the jib and spanker are sometimes set to keep the vessel
steady, it is then difficult for a stranger to recognize her as a light vessel.
[S. A. Pilot, Part 1, 1885, British Admiraltyj

Cuirassier Bank.—Between Indio Point and Ortiz Bank (about 2 miles
southward of Cuirassier Bank), a vessel painted red, with two masts, hav-
ing a black ball at the main mast-head 40 feet above water, is moored on
a bearing NE. by N., distant about 10 miles from the high grove of trees
on Indio Point. This vessel, locally known as Indio Point light vessel, ex-
hibits at the height of 33 feet above the sea a fixed white light, visible 10

miles in ordinary clear weather, but under certain conditions of the atmos-
phere as much as 14 miles. This light vessel often drifts from her posi-
tion, and if much displaced returns to it, mooring on the same bearing of
the grove, but her distance from it may vary considerably, as they have
no means but estimation of ascertaining the distance from shore, nothing
but the grove being seen from the light vessel. [Ibid.]

Chico Bank.—A light vessel painted black, with two masts, is moored
in 43 fathoms water 1 mile off the northeast end of the Chico Bank, and
16} miles N. 3 W. from Magdalena Church. The vessel exhibits a fixed
white light, visible 10 miles, and under certain conditions of the atmos-
phereas much as14 miles. The vessel’s position isoften doubtful after gales.

Martin Garcia Island.—From a light-house erected on the summit of
Martin Garcia Island is exhibited at an elevation of 141 feet above the
level of the river a fixed white light, which should be visible in clear
weather from a distance of 14 miles.

Ceard Bay.—On the extremity of Macoripe Point is a light-house 50
feet high, which exhibits at an elevation of 85 feet above the sea a re-
volving white light of the fourth order, attaining its greatest brilliancy
every half minute, and is visible in clear weather from a distance of 12
or 13 miles.

Staten Island.—Off the SE. extremity of the American Continent.
From a light-house on the western entrance point of St. John Harbor,
at an elevation of 200 feet above the sea, is exhibited a fixed white light,
visible between the bearings of SE. § E. and SW. } S,, and should be
seen in clear weather from a distance of about 14 miles.

Sandy Point Road, Magellan Strait. —The light-house (also called the
block-house), painted with red and white horizontal bands, stands on the
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east side of the settlement about a quarter of a mile from the shore, and
exhibits at an elevation of 79 feet a fixed white light, visible between the
bearings N. by W. through west to S. } W., and should be seen from a
distance of 3 miles. A red light, elevated 69 feet above high water and
visible 3 miles, is shown from a position seaward of the white light, and
when the two lights are in line bearing NW. by W., lead a quarter of a
mile eastward of the wreck of H. M. S. Doterel sunk in the roads. A
fixed white light, elevated 26 feet above the sea, and visible 10 miles, is
exhibited at the extremity of the new pier.

Port San Carlos, Chili.— A fixed white light, varied every two minutes by-
4 flash, is exhibited from the light-house on Corona Head. From the light-
house Huechucucui Head, seen over Huapacho Point, bears W. by S. The
light is elevated 224 feet above high water, and is visible in clear weather
from a distance of about 12 miles. The light tower is 32 feet high, circu-
lar, and painted white.

Galera Point.—The light-house, a tower 62 feet high and colored white,
stands on the most projecting extremity on the south side of the point,
and exhibits from an elevation of 180 feeta fixed and flashing white light,
ghowing a flash every minute, and in clear weather should be seen from a
distance of 20 miles.

Santa Maria Island.—An iron cylindrical structure, supported on an
iron tripod from the center of the keuper’s dwelling, standing on the summit
of the hill, north point of the island. It is 268 feet above the sea, and
exhibits a flash of fifteen seconds durasion with an eclipse of forty-five
seconds duration.

Lota Point.—An iron light-house, 44 feet high, painted white, forming
a good landmark, stands on Lota Point, and from which is exhibited a
revolving white light every fifteen seconds, visible in clear weather from
a distance of 18 miles. The light is obscured from the northward by the
heights of Chambique, bearing%. by W. from the light-house.

Quiriquina Island.—The light-house, 36 feet high. with keeper’s dwell-
ing attached, standing on the northern point of Quiriquina Island, is
circular and colored white. From the lantern is exhibited at an elevation
of 213 feet above the sea a revolving white light of the fourth order, at-
taining its greatest brilliancy every thirty seconds, the duration of light
being nine seconds, and that of eclipse twenty-one seconds, and in clear
weather should be seen from a distance of 15 miles.

Angeles Point.—From a light-house on Angeles Point is exhibited a
fixed white light, showing a flash every two minutes. The flash is preceded
and followed by a short eclipse. The tower is circular, 49 feet high,
colored white, with u green top. The light is 180 feet above high water,
and in clear weather should be visible from a distance of 16 miles.

Tortuga Point.—The light-house on Tortuga Point i8 square, built of
wood, painted white with a green top, and is 25 feet hisg(}\ It stands
about 200 yards within the extremity of Tortuga Point, and exhibits, at
an elevation of 106 feet above high water, a fixed and flashing white light,
showing a flash of five seconds’ duration every fifteen seconds, the partial
eclipse lasting ten seconds, and in clear weather ehould be seen R‘om a
distance of 12 miles between the bearings of NE. by E.} E., through
south to SW.3 W.

Caldera Point.—A light-house 43 feet high stsnds on Caldera Point,
the west entrance point of port Caldera; it is built of wood, square, and
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painted white. From the lantern is exhibited, at an elevation of 123
feet above high water, a fixed and flashing white light, the flashes taking
lace at ntervals of eighty seconds, and in clear weather should be seen
rom a distance of 15 miles. '

Iquique Island.—A cylindrical iron light-house 72 feet high, painted
white, stands near the center of the island, and exhibits, at an elevation of
96 feet,a fixed and flashing light showing a flash every thirty seconds.
The light is visible through an are of 180 degrees, and in clear weather
should be seen from a distance of 16 miles.

Cape San Lorenzo.—The light-house on Cape San Lorenzo is a wooden
octagonal tower, 60 feet high, on the summit of the cape, and exhibits, at
an I:&((;vation of 980 feet above high water, a fixed white light, visible in
clear weather from a distance of 12 miles. Between the bearings of NW.
2 N.,,and W. by N.4 N, it is hidden by the peak of the isiand; and
when iust open bearing W. by N.} N, it leads through the Boqueron in
4} fathoms. From its lofty position, however, this light is not always
seen, being often enveloped in the thick fog or haze which hangs over the
high land, causing it at night to appear like a star only. :

Amortajada Island.—The light-house on Amoriajada or Santa Clara
Island is an octagonal tower painted white. It stands on the summit of
the island, and exhibits, at an elevation of 256 feet above the sea, a fixed
and flashing white light, showing a flash of four seconds’ duration every
balf minute, and in clear weather should be seen from a distance of 22
miles. In order to maintain this light sailing vessels entering the Gulf of
Guayaquil must pay a tax of 6} cents per registered ton. Steam vessels
are required to pay half that sum. )

Arena Point—On Arena Point, close to the water's edge, stands a
square tower, from which is exhibited, at an elevation of 65 feet above
the sea, a revolving red light, showing a flash of sixteen seconds’ duration
and obscured forty-four seconds in each minute, and in clear weather
should be seen from a distance of 14 miles. This light is said to be ob-
scured when bearing westward of W. by N. # N.

Santa Elena.—A light-house is erected on the hill over Santa Klena
Point, from which is exhibited, at an elevation of 470 feet above the sea,
a fixed white light, with flashes at intervals of two minutes, and in clear
weather should be visible from a distance of 25 miles.

Acupulco.—There is a white light on the white wooden tower of Roquet
Island, operated by the Pacific Mail Steam-ship Company, and lighted
only when one of their steamers is expected or about leaving the port.
This light is visible in clear weather about 20 miles.

Mazatlan.— A square structure rising from the center of a square white
building, lantern red, standing on Creston Island. A fixed light of the
fourth order, visible 20 miles.

Cape Haro.—Southern extremity of the eastern part of the cape, ap-
proach to Guaymas. A skeleton iron tower, 345 feet above the sea. A
fixed light of the fourth order, varied by a flash every half minute, visi-
ble about 24 miles. '

LIGHTS HOPED FOR,

Your writer trusts that he may be pardoned if e enumerates some of
the points where the world of commerce hopes to see lights established in
due time and in proper order.
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In the Gulf of Mexico, the Campeche Bank is a great danger to vessels
trading with Mexico. A light on Alacran Reef, the northeastern danger
on this bank, and a light on Cay Nuevo, at the northwestern edge of this
bank, would mark the northerly limit of danger and enable vessels to
safely skirt or cross the bank.

In the Caribbean Sea, a light on Serrana Bank or cay (approximate
position, latitude 14° 25’/ north, longitude 80° 20’ west) would enable
vessels, particularly sailing vessels, returning from Aspinwall and the
ports on the north coast of South America to verify their position, avoid
the dangers to leeward, and set a clear course for Cape San Antonio light,
on the west end of Cuba.

At the mouth of the Magdalena River, New Granada, United States of
Colombia, a light-vessel might be established with pilots on board. The
bar is very dangerous, numerous wrecks occur, many lives have been lost,
and no aids to navigation exists.

At the mouth of the Rio de la Plata, Argentine might establish a light-
vessel on “Rouen Bank.” A light-vessel is maintained on “ English
Bank” by the Government of Uruguay, and with one on “Rouen Bank”’
also, vessels making the Argentine ports could pass safely southward of
“ English Bank,” and all vessels could approach the mouth of the river
without fear of the old bugbear “ French Bank.”

Magellan Straits and the Patagonian Channels might be lighted. But
one regular light is maintained in Magellan Straits, and there are no lights
in the Patagonian Channels. The Chilian system contemplates numerous
lights, but none have been put in operation. These channels have not
been well surveyed, and they might be kept well buoyed and lighted.
Numerous wrecks have occurred there.

There are no lights on the coasts of Lower California. A light on the
west coast at point St. Eugenio or on Cerros Island, and one at the south
extreme on Cape San Lucas would be of great service to coasters and to
vessels making the Gulf of California; and for the same reason a light
would be of service on Cape Corrientes, south side of Banderas Bay, west
coast of Mexico, there being no light in that vicinity.

The Colombian Government would do well to establish a light in the
approach to Panama. The two small lights at Panama are the only
lights on the Pacific coast of the United States of Colombia.

All the above lights to be of the greatest use should be of the first order.

Of course it will be evident that all these lights can not be established,
certainly at any early day, by the nations on whose shores they would
stand, entirely at their own expense, as such lights are so clearly for the
benefit of all rather than for any one country.

There is ample precedent for co-operative work in the Old World
which this Congress will readily call to mind. Among them are the
lights at Cape Spartel and Tangier, on the coast of Morocco, which are
maintained by several commercial nations, the United States included,
which make a yearly appropriation for their support.

The lights so built will guide past, as well as to, near harbors. There-
fore the establishment of the more costly and much needed coast-lights
might be an international labor done at international expense and main-
tained at international cost.
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