
&-DEEP-SEA 
STEAMER 

EXPLORATION: A GENERAL DESCRIPTION OF THE 
ALBATROSS, I-IER APPLIANCES AND METHODS. 

INTRODUCTION. 

Early in September, 1880, immediately after the return of the U. 8. Fish Com- 
mission steamer Fisk Hawlc froin her initial trip oft' shore, to the region subsequently 
known as the Gulf-stream slope, Prof. S. F. Baird was impressed with the necessity of 
a larger vessel for deep-sea investigations. The remarkable results of the Pish Hawk's 
operations, though limited to depths of a few hundred fathoms, convinced him that his 
investigations should be extended into more remote and deeper waters. 

In  discussing the subject with the writer he remarked, in eflect, that the profit- 
able study of useful sea fishes could not be prosecuted without a knowledge of their 
food, the food of their food, their respective friends a8nd foes, the habitat of the sev- 
eral species, and their Ineaus of passing from one region to another in the embryonic 
as well as the adult stage; the temperatures, curreiits, and specific gravity of the 
waters of the ocean should be studied in connection with the migratory habits of 
pelagic forms, hence investigations must be extended seaward wherever life exists, 
until a complete history of both the economical aiid contributory species is obtained. 
To prosecute these researches a sea-going steamer, specially constructed aiid equipped 
to carry on this work, was ai1 absolute necessity. 

Subsequent off-shore trips made by the Fish Eawk further convinced hiiii of the 
iinportance of having a larger ship. The subject was frequently under discussion, 
and a few months later he requested the writer to make general plans and estimates for 
the construction and equipment of a thoroughly seaworthy steamer, capable of making 
extended cruises and workiug with dredge and trawl in all depths to 3,000 fathoms. 

A rough plan was accordingly prepared, showing the type of vessel contemplated, 
and distribution of weights and spaces, from which the final designs were made by 
the late Oharles W. Copeland, an eminent inaririe architect and engineer, of New 
York. After the umal competitive bids required for Government work, the contract 
was awarded to the Pusey & Jones Company, of Wilmington, Del., in March, lSSB, 
for the sum of $145,800, exclusive of outfit and special equipment, which cost an addi- 
tional $45,000. She was launched August 19,1882, was christened the Abbatross, and 
went into commission on the 11th of the following November. 

The writer was ordered to superintend her construction in addition to his duties 
a8 commanding officer of the Pish Hawk. Passed Assistant Engineer George W. 
Baird, United States Navy, superintended the constructiori of machinery and also had 
general supervision of all work in the absence of the writer. He rendered efficient 
service in devising and perfecting many novel mechanical appliances with which tho 
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vessel was provided, and was subsequently ordered as chief engineer, his cruise 
extending over the unusual period of five years. 

The writer assumed command November 11,18Y8, aiid wit8 detached May 1,1804, 
having made a continuous cruise of eleven and a half years. 

This publication is essentially a revision and extension of the “Ileport on the 
construction and outfit of the U. S. Fish Commission steamer AZbatross, 1883,’’ and 
was undertaken at the instance of the late Commissioner, Marshall McDonald, who 
was desirous that the experience of the writer in deep-sea exploration, extending over a 
period of fifteen years, should be made available in a convenient form. It comprises an 
account of the important changes in appliances and improvement in methods, treating 
the several branches in  detail, with a view of furnishing to the beginuer such informa- 
tion as would have been most valuable to the writer when he first took up the work. 

Brief historical sketches are given of the development of physical and biological 
researches during the last half century leading up through the evolutionary stages to 
the present time, and finally illustrating the modern science of deep-sea investigation 
a8 practiced on board the Albatross. 

A change in the arrangement of fire-room and coal blinkers followed the installa- 
tion of new boilers of a different type from those originally in the vessel; the ventilating 
apparatus has been much improved ; ingeniously constructed counter balances have 
been applied to the main engines; and the maneuvering qualities of the vessel are 
much improved by the introduction of pneumatic annunciators which enable the officer 
on the bridge to observe the movements of the engines by reference to a conveniently 
placed dial and pointer. The old cast-iron propellers have been replaced by new ones 
of bronze, haviug finer pitch and less weight; a Baird evaporator greatly improves the 
quality of water distilled for drinking purposes and furnishes fresh feed for the boilers. 

The changes and additions to the scientific apparatus will be described in detail. 
Acknowledgments are made to the following authorities, who have been freely 

quoted : 
Sir C. Wyville Thomaon, “Depths of the Sea” and “The Voyage of the 

Challenger.” 
Rear-Admiral G. E. Belknap, United States Navy, ( 6  Hamersley’s Naval Encyclo- 

pedia” and “Deep-sea Soundings in the North Pacific.” 
Commander 0. D. Sigsbee, United States Navy, “Deep-Sea Sounding aud 

Dredging.” 
Lieut. Commander Seaton Schroeder, United States Navy, and Chief Engineer 

George W. Baird, United States Navy, “Report on the Construction and Equipment 
of the U. 8. Fish Commission steamer L4Zbatross.” 

The late J. H. Eidder, M. D., “Report on the thermometers of the United States 
Commission of Fish and Fisheries.” 

Mr. 0. H. Tittmann, ‘ 6  United States Coast and.Geodetic Survey Bulletin, No. 18.” 
The writer would also express his indebtedness to Dr. John Murray, of Edinburgh, 

Scotland, for a specially prepared paper on the methods of recognizing marine deposits, 
and to Prof. 0. F. Marvin, United States Weather Bureau, for a paper on the method 
of correcting thermometers. , 

special thanks are tendered to Mr. James E. Benedict, the first resident naturalist 
of the AZbatross, and to Mr. C. H. Townsend, who succeeded Mr. Benedict after a 
short interval, and still holds that responsible position, for data kindly furnished for 
the chapter on the preparation and preservation of specimens. 
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PLAN OF THE ALBATROSS 
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13roLdth of beam, molded, 27 feet G iiichcs. 
Depth from top of floor to top of dock beams, 
16 feet 9 inches. 
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inr hes. 
Displacement on 12-foot water-line, 1,074 tons. 
ltegistered tonnage (net), 384 tons. 

T H E  ALBATROSS : HER DIMENSIONS, GENERAL DESIGN, AND METHOD 
OF CONSTRUCTION. 

Mainmast abovo innin dock.. ....... 
Maintopmast abovo cap ............ 
Foremast abovo deck..  ............ , 
Foretopmast above cap.. ........... 
Boro yard, longtli.. ................. 
Foretop-sail yard, le11 p t h  ........... 
Foretop allant yarti,Pongtli.. ...... 
Fore ........................... 
Mnin%oom ......................... 
Muin gaff. ......................... 
DredMdng boom. .................... 

The Albatross is an iron twin-screw steamer constructed in accordance with 
Lloyd’s rules for vessels of her class, except where extra strength and protection mere 
given her in view of the severe strains and unusual exposure to which she would be 
subjected in the prosecutiou of her special work. She mas built by the Pusey 6- Jones 
Company, of Wilmington, Del., launched August 19,1882, and went into commission 
on the 11th of the following November. 

Her general dimensions are as follows : 

50 
32 
52 
30 
50 
40 

2 
66 
3G 
36 

Sheer aft, 3 feet. I Height of dock.house amidships, 7 foot 3 
Length over all, 234 feet. 
LenEth at 12-foot water-liue, 200 feet. 

spare. 
___ - _- 

Name. 1 Beet. 

I- 
Mainsail ............................. No. 2. ... 1,488 
Gaff-topsnil .......................... No. 7 . .  .. 
Borcsnil (!&‘-foot Ilrori) ............... I No. 2. .  .. I 1.150 5i8 I 
Boro trymil.. ..... .r. ................ No. 2. ... 872 
Foretopsnil (24!J.liiot IioiRt). ......... No.4.. .. 934 
Foretop-gallant ani1 (1 42-foot 1ioisL). . No. 0 . .  .. 389 
Fore stnysnil ........................ No. 2. ... OB0 
J i b  .................................. No. 5. .  .. 918 
Flying ,jib ........................... No. 6. ... 526 

I? 11 Total sail are&. .......................... I ,  521 I /--I 
Bowsprit, 13 inches square, 10 feet outboard to shouldor. Round-top on foremast. Cross-trees on mainmast. 
Anchor6 and chains: One 1,900 pounds, 120 fathoms, l&incli ohain; on0 1,288 pounds, 120 fntlioma. IA-idnch ohain; 

ono 1,030 pounds; one GOO pounds; 250 fathoms Uullivant’s olnstio sted wiro oablo, 3& inchos oircumforonon. 

DETAILS O F  CONSTRUCTION 

Hull: The Albatross has a ‘Lbr2r’’ keel of the best hammered iron, 8 by 24 
inches, scarfs 25 inches in  length. There is one bilge keel on each side, lo$ feet from 
center line, parallel thereto, of two angle-irons 4 by G by Q inches, with a &-inch iron 
plate, 1G inches deep, riveted between, 80 feet in  length, tapering in depth to nothing a t  
each end. 

The stern-post is of the best hammered iron, 74 by 24 inches; and the stem is of 
the same material, 74 by 2& inches. The frames are of angle-iron; those under the 
engines and boilers 4 by 3 by -& inches; forward and aft of these they are 39 by 3 by 
-&inches. 

The floors are in oue piece, 18 incheqdeep and -& inch thick for three-fifths tlie 
Vessel’s length amidships, -?,- inch thick forward and aft. They are on every frame 
extencling 20 inclios above top of floor amidships, molding to  size of frames. 

Frames and floor spaces, 21-inch centers. 
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One limber-hole is cut on each side of the center keelson. Enlarged floors with 
necessary angle-irons and strengthening plates are provided for the foundahions of 
the engines and boilers. 

Reverse bars: The reverse bars are of angle-iron, 3 by 3 by -AC inches, one on every 
frame extending to the stringer plate and 12 inches above the upper turn of the 
bilge alternately. There are double reverse bars on all frames under the engines and 
boilers, and also on the line of all keelsons, hold &ringers, arid bulkheads. Joints are 
covered with angle-iron butt-st,raps, not less than 18 inches long, with three rivets in 
each end. 

Keelsons: On top of the reverse bars there is a center keelson, 12 by 49 inches, 
beam iron, 2 inch thick for three-fifths the length amidships, and & inch thick forward 
and aft. On each side, 8 feet 8 inches from the center line, there is a keelson of two 
channel bars, 78 by 29 by -lz8 inches, riveted back to back; and a t  the bilge on each 
side a keelson of two angle-irons, 6 by 38 by i% inches, riveted back to back. The 
bilge keelsons conform to the shape of the floors, and the side keelsons run parallel to 
the center line. A t  a 
distance of 4 feet 7 inches from the center line on each side there runs a keelson of 
beam iron, 8 by 48 by $j inches, riveted to the reverse bars. 

Intercostal keelsons: Of these there is one of &-inch plate run on the center line, 
and one of &.inch plate under each side keelson, extending froin keel to top of floors, 
well fitted between floors, and connected with them by an angle-iron 28 by 29 by 6 f -  
inches. 

Deck beams: For the rnain deck they are of T bulb-iron, on alternate frames, 
7 by 32 by -& inches for three-fifths the vessel’s length amidships; forward and aft 
they are 6 by 33 by # iuches, except at the capstan and riding-bitts forward and 
at hatches, where they are 8 by -& inches. 

8tringers : The main-deck stringers on each side are 38 inches wide by 4 inch in 
thickness a t  midlength, reduced to 26 inches width a t  the a d .  Stringers are con- 
nected with sheer-strake by angle-irons, 48 by 39 inches, securely riveted to both 
the deck beams and sheer-strake. At the foremast and mainmast there is riveted to 
the deck beams a stringer plate 42 inches wide and # inch thick, long enough to cover 
two beams forward and aft of the mast, securely riveted to the deck beams; through 
this plate :I hole for the mast is cut. Similar tie-plates, covering three or four beams, 
are riveted in wake of bitts, windlass, capstan, hoisting engine, and reeling engine. 

Ties of main deck are run fore and aft  from end to end each side of center line, a t  
such distance from it as to clear all hatches. They are of plate iron, 15 by 9 inches, 
securely riveted to deck beams and to stringer plates or breast hooks a t  the end j butts 
closely fitted and butt-straps double riveted. The width of tbese plates is gradually 
reduced to 0 inches forward and aft. 

Hold stringers are 24 inches wide by 4 inch thick at midlength, gradually reduced 
to 18 inches in width at the ends, arid are run fore and aft on frames a t  a height of 
10 feet above top of floors, connected to deck beams and reverse bars by angle-irons. 
Alongside of the engines and boilers, where there are no hold-beams, these angle-irons 
are doubled back to back and riveted through. 

Beams of berth deck: Forward and aft of engines and boilers, and between them, 
there are hold-beams of channel-iron, 6 by 2& by 8 iuches, spaced to every alternate 
frame, connected arid riveted to hold stringers and frames, and ltrieed to fralnes the 
same a!s the main-deck beams. 

There is also a cross keelson for the shaft stuffing.boxes. 

Additional intercostal keelson8 are placed under the engines. 
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Bu2kheads: One collision water-tight bulkhead about 25 feet from the stem; one 
at the after end of the forehold, connected by deck plates as shown on the plan; 
one forward of boilers, connected by iron deck; one between the engines and boilers; 
a water- tight compartment abaft the engines between the shafts, the after end 
extending to the after collisiou bulkhead, which is at the forward end of the stern 
pipes; it  is attached to the cross keelson which sustains the stern pipes, and extends 
to the berth (lock with ;L plate-iron covering over tha beams RO as to make the after 
compartment entirely water-tight; the other bulkheads extend from the floors to the 
main-deck beams. Bulkheads are of ihc iron buttjoints; strakes run in one length 
from floors to deck beams, 30 inches wide. The lap &rips of joints are of T iron, 38 
by 3 by & inches; laps single-riveted with Q rivets. The after coIIision bulkhead has 
recently been extended up to the main deck. Sluice valves are provided; bilge 
suction-pipes from the several compartments connect to a manifold in the engine 
compartment, and each pipe has a foot valve. 

Imt deck-house: The sides of the midship declr-house from the after end of the 
house to the bulkhead forward of the funnel, including these two bulkheads, are of 
plate iron, No. ti wire gauge; stanchions, of 3 by 3 inches, angle-iron, spaced 24 inches 
from center to center. The beams are of angle-iron, 3 by 3 by & inches, riveted to 
stancliion and to stringer and hatch-plate below. 

Plating: The platiug is run  in fair lines, in and out strakes; d l  horizontal seams 
are lapped aud all vertical seams, including bulwarks, are butted; spaces between 
outer strakes and frames are filled with liners of proper width and thickness. 

The garboard-strake is ++ inch thick for three-fifkhs its length amidships, gradually 
reduced to is6 inch at the ends, and is 32 inches wide. 

Sheer-strakes are fayed next to frames, +{ inch thick for one-half the length 
amidships, gradually reduced to -la6 inch a t  the ends, end 38 inches wide. The upper 
edge extends 34 inches above top of plan k-sheer to connect bulwark plates. 

inch thick, well riveted to 
sheer-strake and frames. Along the whole length of the upper edge of the bulwark 
plates, on the outside, is ruu an angle-iron, 38 by 34 by 3 inches, well riveted to  
bulwark plates, with proper lap-strips at the butts. To this angle-iron the rail is 
fastened. 

The side-strake next below the sheer-strake is g inch thick at  midship length, 
gradually reduced to & inch forward and aft. The remaining side plating is inch 
thick, except the strakes around tlie shafbpipe, which are of & inch and are doubled, 
and the bilge-strake, which is & inch thick for two-thirds the length amidships, 
gradually reduced forward and aft to & inch. 

The bottom between bilge and garboard strakes is 8 inch thick for three-fifths the 
length amidships, then gradually reduced to -& iuch forward and aft. 

All butts of plating, keelsons, and stringers are double chain riveted, and the 
longitudinal seams lapped and single riveted. All plates are loiig enough to cover 
at least six fraine spaces, except short  plates at  the ends; and there are at least 
two strakes between butts falling between same frames. All edges and butts are 
planed. 

Butts of garboard strakes are at least two frame spaces apart, as also are those 
of sheer strakes and deck stringers. All butits of plating are properly shifted. 

Rail: The rail is of white oak, lo.& by 39 inches, let down to a fair bearing on the 
bulwark angle-iron, hook-scarfed and edge-bolted through scarfs. 

Bulwark plates from sheer-strako to rail are 
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MAIN DECK (PLATE 11). 

Cabin (plate 111): Of the structures which rise above the main rail the poop 
cabin extends 30 feet forward from the stern-post, is the whole width of the vessel, 
and 7 feet 3 inches high from deck to deck. It contains two state-rooms, an office, 
pantry, and bath-room, besides lockers, etc., and is supplied with light aud air from 
eleven .air-ports (five 011 each side and one in the stern), two windows, and three doors 
opening forward, and one skylight 6 by 5 feet overhead. 

Deck-house: Forward of the cabiii there is a clear space of 16 feet containing the 
ward-room skylight, and froin which the kangway ladders lead over the side. Next 
comes the deck-house, 83 feet in length, 13 feet G inches in width, and 7 feet 3 inches 
in height. It is built of iron from the funnel aft, sheathed inside and out with wood, 
and fitted with iron storm-doors. From the funnel forward it is of wood, all fastenings, 
nails, screws, etc., being of galvanized iron. Beginning aft, it is divided into the 
following apartments : 

(1) Entrance to ward-room : Six feet in length and the whole width of the house. 
One window on each side furnishes light and air, and two doors opening aft give 
access to the stairway leading to the ward.room below. 

(2) Upper engine-room : This is 10 feet G inches in length and the full width of the 
house. It has one door and one window on each side, a skylight 5 by 5 feet overhead, 
and a stairway leading to the engine-room below. The inside woodeii doors of this 
room, as well as those of the kitchen and drum-room next forward, are fitted in halves, 
upper and lower, so that in bad weather the lower halves may be closed to keep out 
the water, while the upper are open for ventilation. 

(3) Kitchen: I n  length S feet, the whole width of the house, with one door and one 
window OIL each side, and a skylight 4 by 5 feet overhead. It is furnished with a 
table, fuel-boxes, lockers, dish-racks, and a lead-lined sink fitted with a pump, drawing 
water from the tanks in the hold. 

(4) Drum-room: This is also the entrance to the fire-room, is 20 feet in length, and 
the width of the house. It is fitted with doors and windows like those of the engine- 
room, has a skylight 5 by 10 feet overhead, and communicates by a stairway with the 
fire-room below. As its name implies, this room contains t8he steam drum, which is so 
designed that the funnel passes up through it, thus utilizing the heat of the escaping 
products of combustion to superheat the steam. It also contains the ventilating 
apparatus and Baird evaporator. 

( 5 )  State-rooms: Forward of the drum-room the wooden part of the deck-house 
commences with two state-rooms, one on each side, for the members of the scientific 
corps. Each room is 6 feet G inches in length, half tho width of the house, and has a 
door and window with blind shutters, a berth 30 inches in width, a writing-desk, 
washstand, drawers, lockers, etc. Additional ventilation is secured by lattice-work 
openings, outboard, and also between the rooms. 

(6) Upper laboratory (pIate IV) : This is 14 feet in length and t h e  whole width of 
the house. It is supplied with light and air by two windows and a door on each side 
and 8 skylight 6 by 3 feet overhead. In  the center is a conveniently arrauged work 
table, square in shape, mound which four persons can seat themselves, each liavi ng 
at his riglit hand a tier of drawers which form the legs of the table. There are also 
two hinged side tables, a sink with alcohol and water tanks attached, wall cases for 
books and apparatus, and in one corner a chemical case. 
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( 7 )  Chert-room (plate v): Imiiiediately forward of the laboratory is the chart- 
room, 8 feet G inches in length, the full width of the house. It has onedoor and 
window on each side and a skylight 3 by 3 feet above, drawers for charts, etc., a berth, 
washstand, lockers, bookshelves, and a transom sofa, which is also used as a chronom- 
eter chest. A door in tho forward bulkhead gives access to the pilot-house. 

(8) Pilot-house: This is the next and last division of the deck-house. It is 8 feet 
in length, the full width of the house, and has one door on each side. The frolit is 
elliptical, with glass windows balanced by weights; sild protected in bad weather by 
strong wooden shutters hung in the same manner as the windows and fitted with 
8-inch bul17s-eyes in the center. 

CUT I.-htorior of pilot-house, steam stoering engiuo. 

The pilot-house is raised about 3 feet above the main deck and projects the same 
distance above the top of tlle house, with which it communicates by two windows. 
Suitable bell pulls and speaking tubes furnish the necessnry'means of communication 
with the engine-room, and instead of the ordinary ship's wheel a IIigginson's steam 
quartermaster is used. 

Topgallmt forecastle: The topgallant forecastle is 44 feet in length and 6 feet 3 
inches in height between decks. On it are stowed the anchors, which are handled by 
a single fish-davit amidships and a capstan which can be worked by hand or by the 
steam windlass directly underneath, sild just abaft the capstan is a 37 mm. Hotchkiss 
revolving cannon, mounted on a tripod. 
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Underneath the forecastle are water-closets for officers and men, petty officers'. 
room, lamp-room, paint looker, steam windlass, and carpenter's bench. Two scuttles 
give access, one to the store-rooms, magazine, etc., forward of the collision bulkhead, 
and the other to the berth deck. 

Berth  deck: This includes the space 40 feet aft from the collision bulkhead, and 
is 7,feet 10 inches between decks. It is supplied with light and air by the fore batch, 
fore scuttle, and by eight %inch air ports, four on each side. Racks for stowing bags 
and hammocks are fitted along the sides; the space abaft the fore hatch is occupied 
by the reeling engine, and near the forward bulkhead are two scuttles opening into 
tho ice boxes. 

Ice-boxes: These occupy the space in the hold 7 feet aft from the collision bulk- 
head, the whole width of the ship. A strong fore and aft bulkhead amidships divides 

this space into two compartments; 
the sides and ends are fitted double 
with an interveniug air space of 4 
inches, which is filled with proper 
nonconducting material. The in- 
side is lined throughout with gal- 
vanized iron, and, a t  the after 
oiitboard corners, lead pipes with 
suitable traps drain the water jnto 
the bilge. The capacity of the ice 
boxes is about 3 tons each, G tons 
in all. 

Cold-room: The after part of 
the spaces in the ice-boxes Afor 
2 feet is partitioned off by an 
athwartship bulkhead to  form the 
cold-rooms or refrigerators B, to 
which access is gained by doors 
which open into the forehold. Six- 
inch openings e, at the top and 
bottom of the cold-rooms, com- 
municate with the ice-lockers A, 
and B circulation of air is induced 
as the warmer air of the former 
rising passes above into the latter, 

becomes cooled by the ice, falls and reenters the cold-rooms by the lower openings, to 
become warmer again and rise as before. Rack shelves c to hold whatever is desired 
are fitted against the bulkheads d .  

Store-rooms, magazine, brig, etc. : Forward of the berth-deck, and separated from 
it  by the collision bulkhead, is a fore-and-aft passageway to which access is gained 
by a scuttle and stairs underneath the top-gallant forecastle. 

This passage opens forward into the yeoman's store-room, to the right into the 
byig, lighted and ventilated by an 8-inch air-port, and t o  the left into the dredging 
store-room, similarly furnished with light and air. 

Through this passage, also, the chain pipes pass down and aft, takiiig the chain 
from the windlass to the lockers below, arid from the forward cud of the passage a 

Scale & = ft. 
CUT %--Ice-boxes end cold-rooni. 
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scuttle and stairs lead down to the magazine passage and magazine, and to the fore- 
peak below them. 

Mainkold: Below the berth-deck the space from the cold-room aft is taken up by 
the mainhold, steerage store-room, engineer’s store-room, bread-room, sail-room, and 
water-tanks. Access is gained by a hatch directly under the fore hatch. 

Xteerage: Opening from the after end of the berth deck is the steerage, containing 
four double-berth state-rooms, G feet G inches in lei!gth, two on each side, and a mess- 
rooni 13 feet iu length between. It is lighted and ventilated by an 8-inch air-port in 
each room, a 12-inch ventilator cut through the deck just abilft the foremast, and the 
dom-opening from the berth deck. Each room has an upper and lower berth 30 inches 
wide, a bureau, washstand, toilet racks, drawers, shelves, etc. On the forward bulk- 
head of the mess-room is an open pantry. 

Lower or muin laboruteq @latea VI and VII): Abaft the steerage, but separated 
from it by a mater-tight iron bulkhead, is the lower labomtory immediately below the 
upper laboratory, through which only can it be entered. This room extends quite 
across the ship, is 20 feet fore and aft, 7 feet 10 inches between decks, and is furnished 
with light and air by six &inch air-ports, two 12-inch deck-lights, and the hatch 
leading above. 

Ample and convenient storage cases and lockers are provided for alcohol tanks, 
jars, and specimens in bottjes of all sizes j work tables are fitted along each side; in 
the port after-corner is a photographic dark-room with a lead-lined sink and running 
water j on the opposite side is a medical dispensary, and along the bulkhead between 
the two is the chemical laboratory. Between the beams overhead are slings and 
hooks for stowing dip nets, scoop nets, harpoons, spears, lances, and other fishing 
appliances. 

Laboratory store-room: A hatch and stairs load to the store-room below, a closed 
iron box, 20 feet in length and the whole width of the vessel, capable of being isolated 
from the rest of the ship and filled with steam at short notice in case of fire. Here 
are stowed alcohol in tanks, nets, fiieves, etc., for which suitable lockers Iiave been 
provided. Below this store-room is a small gpace next the skin of the ship where the 
sinkers used in sounding are stored. 

Engine-room, $re-room, and bunker 8paoe : The engineer’s department is abaft the 
laboratories, and occupies 57 feet 8 inches in the hold, 47 feet 8 inches on the berth 
deck, and 20 feet in the deck-house. 

Wurd-room (plate VIII) : The whole space from the laboratories aft to the ward- 
room is occupied by the engines, boilers, bunkers, etc. The ward-room is 35 feet in 
length, the full width of the ship, and 7 feet 10 inches in height from deck to deck. 
It is lighted and ventilated by seven 8-inch air-ports on each side, a skylight G by 5 
feet overhead, and the stairway leading to  the deck above. 

TI10 space on either &do of the stairway is occupied by the pantry on one side, 
and the chief engineer’s room on the other; the latter communicating by a door with 
the engine-room immediately forward. Abaft these rooms a space 13 feet in length 
and the whole width of the ship is reserved for an athwartship extension table, seat- 
ing, at most, twelve persons. Along the sides of this space are fitted cushioned sofa 
transoms. 

There are four rooms on each aide, the starboard after one being furnished as a 
bath-room, the others containing a berth, bureau, washstand, drawers, lockers, etc. 
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Two iron doors, with water-tight joints, in tlie ward-room floor, give access to the pay- 
master’s, navigator’s, and equipment storerooms below, which are in a water-tight 
compartment. A scuttle in the pantry floor leads to the ward-room st(ore-room, also 
a water-tight compartment. A door opens into a locker under the stairs. 

The vessel is lighted throughout by electricity; and artificial ventilation is pro- 
duced by means of exhaust fans and conduit pipes to every compartment below the 
main cleck. 

The rudder und steering p u r :  The Albatross was designed to perform much of 
her work stern to wind and sea, making it necessary to give unusual attention to the 
rudder arid its appointments. The several parts are much heavier and stronger than 
usual in vessels of her size, and the appliances for controlling its movements are 
more powerful than will be fouiid in steamers of twice her tonnage. 

Rudder  attachments: There is a yoke, or quadrant, on the rudderstock a little 
below thp main-deck beams, carrying the chains to which the steel-wire tiller ropes 
are connected; an iron tiller on the poop deck. and a yoke for a powerful screw 
steering gear on the upper extremity of the stock, also on the poop deck. Projecting 
from the rudder a IittIe above the water line is a short tiller, to which are attached the 
rudder chains ordinarily carried by steamers. 

STEAM STEERING GEAR. 

The steam steering gear, known as Higginson & C0.k  ‘(steam quartermaster,” 
was built by the Pusey St Jones Company according to the patents and deRign of Mr. 
Andrew Higginson, of Liverpool, England. The machine may be shifted from steam 
to hand power by the motion of a clutch, and the same wheel is used for steering by 
steam as by hand. Like other improved steam steerers, the valve is arranged to 
reverse the engine by changing the ports, and an automatic asrangement is provided 
to bring the valve to its middle position (and stop the engine) by gearing from the 
engine itself. 

There are three half-trunk, oscillating, single-acting steam cylinders arranged a t  
angles of 120 degrees from each other, all acting on the same crank pin, after the 
6‘ brotherhood ” system. The cyliridcrs are 49 inches diameter and 5 inches stroke of 
piston. On the crank shaft is II toothed pinion which gears into a spur-wheel; on the 
shaft of the spur-wheel is keyed a second pinion-wheel which gears into a second 
spur-wheel, making the ratio of gearing nearly 36. The second pinion aud the second 
spur-wheel are keyed to hollow cast-iron shafts, through which the other two shafts, 
respectively, work. 

Motion is communicated to the tiller chains by a chain holder (or ‘ I  wild-cat”) 
similar t o  those used on patent windlasses. On the extended portion of the upper 
shaft there is a screw thread on which a large nut works; this nut  is clutched to one 
of the pinions; on t h e  forward end of the same shaft is placed the steering wheel, 5 
feet 4 inches in diameter. The motion of the steering wheel communicates like 
motion to th6 clutch-nut, which, in turn, imparts motion to the slide-valve of the 
engines; and the motion of tlie engines, transmitted through the gearing described, 
revolves t h e  clutch-nut upon its thread in the opposite direction, and brings the valve 
back to its central position. By this contrivance the engine ceat8es its motion ‘directly 
the helmsman brings his mheeI to rest. The slide-valve is ~ 0 1 n ~ n o n  to the three 
cylinders; it is circular in  form, and revolves upon its center by gearing from the 
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steering wheel; its partitions or ribs divide i t  into three valves (one for each cylinder), 
though it is one casting. The exhaust is delivered into the steam-tight box which 
iucloses the eugiue, and all the oil wliich the crank-pin and crauk-shaft journals ever 
receive must come with the steam worked through the cylinders. The mechanical 
performance of the machine is all that can be desired. The engiue starts the rnomeut 
the wheel is moved and stops with equal promptness; the power of the machine is 
ample arid it is comparatively light and compact. 

Auxiliary steering-gear: This powerful screw gear is used when it is thought 
necessary to put the vessel stern to a heavy sea, as in sounding, and is designed to 
hold the rudder rigidly, thus relieving the ordinary steeriug-gear from unusual 
strains. It locks the rudder securely, and is also an efficient steering-gear which can 
be connected in a moment, and as quickly disconnected. A compass is conveniently 
placed in bhe cabin skylight to steer by when the after-wheel is used. Cut 3 is a 
longitudinal elevation, and cut 4 a plan view of the appartttus. The yoke c is keyed 

Cur 3.-Longitudinal elevation of auxiliary steering gear. 

to the upper end of the rudder-stockf, and the arms d, which have a screw-thread at 
one extremity working on the right and left hand screw-shaft i, and a hole in the 
opposite extremity for the reception of the pins a, are the means of connection between 
the yoke u, the screw-shaft i, and the steering-wheel 1. 

The a r m  d are held in a horizontal position by the guide-rod e, which is 
supported by the adjustable brarings 7c, which also carry the screw-shaft. 

To disconnect the gear, remove the pins a from the arms d and the slots b, when 
the rudder will move freely. 

#pare tiller: Cut 3 shows the spare tiller g keyed to the rudder-stock f. The 
eyebolts k for the relieviug tackles slide along the whole leugth of the tiller, aud are 
usually carried a t  the forward end for convenience in hooking in case of accident fo 
the steeringgear. 

Rudder chains: The rudder chains are shackled to the short tiller projecting 
from the rudder, seized to an eyeboIt in the stern, and carried along the quarters in 
the usual manner. 
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The tiller ropes are conducted forward through tubes and carriers, depeuding 
from the main-deck beams, which protect them from iujury in the coal bunkers, do 
away with th6 annoyance and unsightly appearance of exposed tiller ropes in officers’ 
quarters, aud cause them to work silently. 

U 
CUT 4.-Pla;n view of auxili?ry steering gear. 

The tiller ropes are elastic steel wire, served with marline, which is thoroughly 
tarred. They are connected to the yoke, or quadrant, by chains spliced to the ropes 
and secured to the yoke by adjustable screw bolts, by means of which their tension 
can be regulated at  will. From the yoke they are carried to the ship’s side, thence 

CUT 6. CUT 7. CUT 8. 

Iron tube6 end carriers for tho tiller ropes. 

directly forward, under the main-deck beams, and spliced to the ends of a chain, 
which, being brought amidship through appropriate sheaves, is carried up and over 
the “ wild-cat” of the steam steerer designed to take the links and prevent slipping. 
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BOATS. 

The Albatross carries eight boats, as follows : 
Herreslwf steam cutter: The Iferreslioff steam cutter is 26 feet G inclies in length, 

7 feet beam, and 3 feet 10 inches in depth, with square, tubulous boiler and com- 
pound engine, cylinders G inches and 33 inches in diameter and ?'-inch stroke, develop- 
ing 1 G  horsepower with 100 pounds of steam. It has a lreel condenser, and carries an 
average of 2G inches vacuum. The bunkers hold 1,100 pounds of coal, and tlia fresli- 
mater tank, which is placed directly underneath the boiler, has a capacity of 42 gallons, 
sufficient for three days' steaming. The hull and engitie arc of the best material and 
Tvorkmanship. Water-tight compartnients at bow and stern have sufficient buoyancy 
to prevent sinking in case the boat is filled with water. Twelve persons can be seated 
comfortably in the stern slieets. In  addition to steam power, the boat is provided 
with sliding gunter masts and sails, schooner rigged, and makes good speed under 
sail alone. It is cutter build, with square stern, 
coppered bottom, weighs 6,124 pounds, includiug 
coal and water, and lias a speed of S knots. 

Steam gi,q : 13uilt also by the Herreshoff' Manu- 
facturing Company. Tweiity-five feet in length, 
5 feet 2 inches beam, 3 feet 33 inches depth., 
A square, tubulous boiler, compound engine, 44 
inches a id  29 iriclies diameter of cyliuders, and 
5-inch strolre, developing '76 horsepower with 100 
pounds of steam.' It has the general form of a 
whaleboat, is double planlrod, spruce inside run- 
uing diagonally, and mahogany outside running 
fore and aft. 130th layers are bound together by 
brass screw8 at short intervals, making the struc- 
ture uunsn:dly strong and light. Tlierc are water- 
tiglit aonipartments ;It bow and stern of sufficient 
capacity to float boat and crew in CASG it is filled 
with .water. The total weight, including coal and 
water, is 2,007 pounds. 

,The bunlcers hold 450 pounds of coal, and the 
fresh-water tank under the boiler carries 15 gal- 
lons, enough for two days' steaming. The ordinary 
speed of the boat is about 7 knots, although it can 
bo driven to 5 for a short time. Seven persons 
can be seated comfortably in the stern slieets. 

The location of the propeller under the bottom, about half the length froin the 
stern, is a peculiar feature of this boat. It is so arranged th,at by a universal joint  in 
the shaft the propeller can be hoisted and lowered, aud wlien in tlie foriner position i t  
does not project below tlie keel. When in use it is lowered, and no matter how heavy 
tho sea it is always submerged; thus racing i u  entirely avoided. The advantages of 
this system are not particularly apparent in smooth water, but her performance in a 
sea way is remarkable. The gig is provided with a sliding gunter mast and sail, and 
makes good time under sail alone. 

CUT S,--Engino of steam cuttor. 

Steam can be raised in both cutter and gig in froni 3 to 5 minutes. 
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Cutter: This boat is 26 feet in length, navy pattern, pulls 10 oars, is schooner- 

Whale-boat: A navy-built boat, 26 feet in length, pulls G oa,rs, and, like the cutter, 
rigged with sliding gunter masts; she pulls and sails well, and is a good carrier. 

is schooner-rigged with sliding gunter masts. 

CUT lO.--Herreahoff &ern cutter. 

Dimgey: An 18-foot navy-built boat, pulls three pairs of sculls, has one mast 
and split lug sail. 

Naturalist's boat : A small Whitehall, clinlier-built, centerboard boat for special 
use of the naturalists. It has two pairs of sculls and one mast with spritsail. 

CUT ll.--TIsrreal~ofT stoarn gig. 

Dory: A Gloucester 'dory, such as New England fishing vessels use in the cod 
and halibut fisheries. It is intended for the special use of the fishery expert. 

Spawn-boat: So called from its adoption by the Fish Commission as a spawn- 
takers' boat. It is about 17 feet in length, has a flat bottom, deepest in midships, 
rising about G inches a t  either end, a sharp bow, square raking stern, flaring sides, 
and small sheer. It pulls three pairs of sculls, tows well from a steam launch, can be 
carried by two men, and is Ppecially useful in seining and geiieral shore collecting. 
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Longtli from forward odgo of stem to nf'tor edge cif ~ to r r i  ................. foot ... 
I, oligtli FLL t, l i e  load wntur.lino .............................................. do. .  .. 
(:runtost bonm ............................................................ do .... 
Boaiii at t, lio load wator.lioo ............................................... do .... 
Dopth from top odgo of guuwnlo t o  lowor udgo of rabbct of.lwol: 

~"'orwnrd tlo 
Ainitlsliips ............................................................ do .. 

Borwnrd.. ............................................................. dlo .... 
Amidships ........................................................... .do .... 
Aft  .................................................................... do ... r 

............................................................... .... 
Aft .................................................................... do .... 

1)raft of water, oxolusivo of kre l :  

......... 

?0 . 500 
L4.500 

G . 750 
G . 400 
4.333 
3.417 
3.077 

1.067 
1 . G25 
1.5RJ 

Ikpt l i  of kool: ............................................................... .... ........................................................... .... . ti15 
Forward do 
Amidahips .do 
Aft  ................................................................... ..do.. .. 1.0OU 

A ma of rmtost iiumoraed trniisvorno scctioii ...................... aquaro foot .. 

Dkpl&iiicnt nt tho lontl water l i w  ................................. cnbio foot .. 
Arcn of fond wva+,or.linu ................................................... (lo .... 
A yg-ovnte area of tho wc:ttecl siirfnces .................................... (10 .... 

7 . 27 
101.65 
116.25 
80 . 20 

Weight of' hull aud tittiiigs ............................................. poiisda .. 
Woigiit of boilor .......................................................... do .... 
Woight of ongino, including ncrow ....................................... .do .... 

3, 300 

1, 3.94 
620 

Weight of coal and water .................................. boil or.. do. ... 

Weight of tho boat cornploto ........................................ clo .... 
Nnmbor of boilors ................................................................ 
Dinmotor of a:tsiii 7 of boilor ............................................ .iliolios .. 
1i:xbroiiio hoi lit okboilor from nabpi t  to Lsxo of araoko-pip0 .............. do .... 
Dinmuter of$.urnaoo ....................................................... clo .... 
Arm of grate aorfnco ............................................... sq unro feet .. 

6. 124 -_ ___- 

Diauiotur of smoke.pipo ............................................... ..inoIies.. 

Eoight of soparator ....................................................... do .... 
IIciglrt of smoko.pipa abovo grate bars .................................... foot .. 
1)inmotar of soparator .................................................. .inolios .. 

Stoniu oylindors ............. , ......................................... .niinibor .. 
Uiaiiietor of high-prcaauro oh liiidor ..................................... .iiicliua .. 
Dinmotor of low-preasuro oyliuilur ........................................ do. ... 
Stroke of pistolls ......................................................... .I10 .... 

Diiimetor of tho air puiiiq) (singlu-nct.ing). ................................. do .... 
Stroke (11' air  piimf ...................................................... . .do . .  .. 
Diirmuter of cirau a t i q  piiuip.lilungur ................................... .(lo .... 
Ilinuiotor of foetl purnp.pluiigcrr ......................................... . .do..  .. 
Strcikc of pumlis ......................................................... . .do..  .. 
L o i i  t h  of condonsing pi.ios ................................................ foot .. 
Cor&isiug surface ................................................. tiqoiire foet .. 
JXiuii . loiirnnla ......................................................... .iiuiiibcr .. 
IXiiiuotor of iiiniii journnls .............................................. .iuclieN .. 
Langth of main jouriiak ................................................... do .... 
Crnnk-pin joiunnls .................................................... .~iumLer .. 
Dininutoi~ of ornuk-l)in jouriiale: 

Low-presauro .......................................................... do .... 
Lon tli of omnlc-pin journals: 

Diumotur of tho piston rods ............................................... do .... 

Iijg1i.l)rommro ...................................................... .iiichos .. 

1,ow.prossure .......................................................... do .... 

Longtli fore iind a f t  .................................................. ..do.. .. 

Iliainator of tlio acrcw propollor.,. ....................................... ..do.. .. 

EEigli-lirussuro ......................................................... (10 .... 

Ypnoo oooupiod by tho ougino: 

Width ............................................................... .do .... 
Height.. .............................................................. .do .... 

Pit. cli of tho N C ~ O W  propollor (uniform) .................................... do .... 
Pro.joai. ut1 lcngtli of tho screw ou lino (~i' its nxis 
I%IIL(& I the sorew .................................................... ntrniber .. 
l?ri(:tioIi of tlio pitch IIHed ........................................................ 
J&iliaoi&tl ar*o~ of f. 1x0 aomw blade8 ................................. 8qiIaru feot .. 

.......................... .... do 

Weight ol' tho Uorow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .p  ounds .. 

1 
35 
2% 
303 

G . 7 

10 
8.75 

G 
31 

2 

7 
fi 

2b 

I: 

Y 

2% 

7' 

15 
0.83 

3 

3 

2 

U 

I t  
A 

24& 
21 
44 

28 
48.72 

5 
4 

0.40 
3 . 60 
45 

.. ..... .____ -. . -...- 
3'. 0 . B . 180G-18 

Qig . 

25.083 
24.583 
6 
4.833 

3.500 
2 .G67 
3.067 

1.417 
1.417 
1.417 

.208 

.458 . 875 
6.216 

8G .07 
00 .70 
4G .80 -_ - -. 
I, 700 

470 
550 
182 

2. 002 
.... .. 

1 
27 

a . 4 

8 
6 . 75 

3 
20 

2 
?t 
6 

2% 
2 t  
R 
8 

6 

43 

131, 
4.05 

3 
i nlld 24 

2t 

2 

IS 
1"R 

1 
U 

21 
18 
2G 

30 
' 3  

2 
0.2 

li 
6 

273 



274 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

BOAT-DETACHING APPARATUS. 

The whale-boat and dingey are kept hanging a t  the davits ready for emerg encies, 
:laid are provided with a unique detaching apparatus (plate ix), the invention of Lieut, 
William Maxwell Wood, U. S. N. 

The object of a detaching apparatus is to disengage both ends of a boat from tlie 
tackles a t  the same time, the operation being under the control of one iiian. To 
accomplish this Mr. Wood has provided a pair of links, L, figs. 3 and 4, which oscillate 
freely about a oenter of motion. The form of this link is such as to permit the spherical 
toggle T to pass between its sides: nom, if the link is pulled down by tlie chains w’, 
and the ends of the chains connected by the slip hook h, the toggle will slide up in the 
link and be locked in the narrow space between its sides, as shown in full lines in figs. 
1, 3, and 4. If, however, the slip hook 1~ is tripped by pulling the lanyard a, figs. 1 
and 2, both chains rr‘ will be slacked, aiid the liiiks L released to fly up into the posi- 
tions shown by the dotted lines in fig. 1, releasing the toggles and thus detaching the 
boat. The locks g are provided as a measure of safety to prevent the toggles frorii 
slipping out of the links in case one end of the boat is hoisted faster than ths  other, 
or a, fall is accidentally let go; in fact, they prevent either end from beiiig detached 
until the liiiks arc released by pulling the lanyard a. 

This simple apparatus has been in constant use, a t  sea and i i i  port, under a11 
conditions of wind and weather, end has answered its purpose admirably without 
a single failure or accident. 

STEAM MACHINERY A N D  I T S  ACCESSORIES. 

There is a two-cylinder cornpound engine for each of the two propellers; tlie 
engines are independent aiid are provided with steam reversing gears ; tliey are 
upright, but not vertical, the cylinders inclining toward each other to give more room 
on the working-platform. There is oiic condenser, common to both engines, whicli is 
mounted 011 a bed-plate, and which forms the frailling aiid cross-hond guides for the 
engines; the single bed-plate supports the pillow-blocks of both engines. The con- 
denser is of the type known as ‘( surpace condenser,” aiid is arranged iii three nests of 
horizontal tubes, the water passing successively through each nest, and the steam is 
condensed on the outside of the tubes. 

There are two plunger air-punips, placed liorizoritally forward of the iiiaiii engines, 
one plunger being worked from a concentric on the forward elid of each crank-shaft. 
Both pumps are in one casting. The feed-pumps are worked froiii rods extending from 
the air-pump plungers. 

The valves of the high-pressure cylinders ape locomotive slides, over which gridiroii 
cut-off valves are placed, while the low-pressure valves are double ported and are 
without cut-offs. All these valves are actuated .by eccentrics and Stephenson links, 
in the usual manner. 

The engines are provided with a system of valves by which they may be converted 
from compound to single expansion or simple engines. There are two outboard deliv- 
eries, one for tlie circulating water arid one for the air-pump or fresh water. 

Tlie circulatiiig pump is a Davidson light-service pump, No. 26 (cut 19). 
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Lisl of the wsights of the main engineo. 

Cast iron : I 
2 condenser covers ............... 
1 condenser ..................... 
4 cylinders ...................... 
I hixi-plate ........................ 
2 "pinch-wheels" (couplings). .... 
2 LLcrank-wheels" (oou~1inEs). .... . .  
4 slide-valves ...................... 
4 steam-chests.. ............... 
4 steam-chest covers ... 
10 eccentrics ...................... 
4 istons ........................... 
4 Pine-aaft couplings.. ........... 
12 thrust-collars. .............. 
4 cylinder-heads. ................ 
2 stern-hearings.. ................. 
2 thrust-bearings.. ............... 
2 throttle-valve chambers.. ....... 
2 screw propellers. ................ 
2stern-pipes ....................... 
4 tube sheets (condenser). ......... 
2 stern-bushings., ................. 
2 shaft bushings. ................. 

1 double air-pump and bed.. ...... 

Bronze castings: 

G link-blocks.. .................... 
G lower boxes for crank-shaft.. ... 

Phosphor bronze castings: 

Iron forgings: 

Guides.. ............ 
12 eccentric rods. .................. 

Circulating-pump: 1 Davidson light 

Floor-plates, flange< cnstiron ex- 
haust-pipes, bolts;huts, etc., used 

'ounds. 
2,738 

12,010 
14,820 
15 412 
3:210 
3,270 
1,568 
2,750 
2,520 
2034 
1'188 
i:saa 
2 130 
2: 260 
2,609 
4, m7 

8 076 
1 : 370 

4, 
257 
(io3 

1,030 
101 

836 

19,043 
5,480 
2,266 

654 

764 
590 
788 

1,071 
731 
845 

295 
L871 
4,972 

5,458 

27 2 

7, g 

f : %i 

2,276 

2, lm 

48 017 

c 00 
250 
200 
200 

1: 100 

-- 
Total ........................... 2Q8,284 

Bincipal dimensions of the enginel. 

Number of c linders to each enmine.. ............. 
Diameter of Kigh-pressure cylinders. .... .inches.. 
Diameter of hi h pressure piston-rods. ..... .do.. .. 
Net area of hig%-pressure cylinders.. ....... .do.. .. 

inches. ........................................... 
Area of steam-port of high-pressure c y 1 i n  der ,  

ressure cylinder, 

cylinder, 

cylinder, 
inches. ........................................... 

Number of ports in cut-off valve.. ................ 
Length of ports in cutoff valve ......... ..inches.. 
Breadth of ports in cut-otf valve.. . do .... 

gregate area of cutoff valve-ports. .sq. inches.. 
%meter of low-pressure cylinder.. ...... .inches.. 
Diameter of low- ressure piston-rod. ....... .do.. .. 
Stroke of all pistpis.. ....................... .do.. .. 
Clearance of ow pressure pistons.. ........ .do.. .. 
Length of steam-ports of low-pressure cylinders, 

inches .......................................... 
Breadth of two steam-ports of low-pressure cylin- 

ders .................................. ..inches.. 
Area of double steam-port of low-pressure cylin- 

................. 
................. 

.......... 

Net area of cach Tow-pressure cylinder.. .... do.. .. 

den ..................................... i n ~ h e ~ .  . 
Ratio of volurno of displacenient of low-pr&!mre 

piston tr) that of high-pressure piston, per stroke. 
Lmgth of ~)istonx, on line of uxin. a t  circumference, 

inches, . .: ........................ 
Thickness of metal iu all cylinders. ..... 
Length of .............. packingrings on high-pre~sure pistons, 

inches. 
Length of packing-rin -pressure pistons, 

inches. ..................................... 
Diameter ngle-acting) air-pump pl 

inches.. ................................ 
Stroke of 
Displacem 

.................. 

Diameter of each feed-pump plunger.. ... .inches.. 
Stroke of each feed-pum plunger.. ........ .do.. .. 

f the circulating- Diameter of steam c .......... .inches.. 
circulating-pump, 

Displacement cubicinches of .................................... eachfee8pump plunger, per stroke 

.................... circulating-pump, 
Dinmeter of 

inches. .......................................... 
Diameter of water piston-rod of circulating-pump, 

inches .......................................... 
Not area of water piston of circulntingpump, 

square inches.. .................................. 
Stroke of pistons of circulating- unip . .  ..inches.. 
mtioof area of steam piston to tEat of water piston 
Number of brass tubes in condenser ............... 
Outside diameter of condenser tubes ....... inch.. 

Diameter of low-pressure crank-pins .............. 
Length of low-pressure crank-pins.. . . . . . . . . . . . . . .  
Length of high-pressure crosshead ins .......... 
Diameter of low-pressur e cromhead)pin&.. ........ 

Length in ve.sseloccupied b engines.. ............. 
Height of engines above center lineof shafts. 

Diameter of hiqh-pressure crosshead pins. ......... 

Diameter of line shafts (wrought ron) . . . . . . . . . .  
Length of low-pressure crosshead { ;  )ins ........... 

Breadth in vessel occupied %y engines ....... 

2 
18 
3 

250.93 
.5  

13.6 

1.75 

23.625 

18.6 

3.6 

47.26 
3 

13.6 
.675 

35.4375 
34 

3.5 
903.11 

30 
. 5  

20 

3 

GO 

8.599 

G 
1 

4. 6 

3.75 

10 
13.5 

2,814.84 
4.6 

13.5 

214.7 

14 

2 

162.3 

10 

2 

199.49 
14 

1 :i. .?OH 
2,394 

.G26 
66 

2,142 

8.5 
8.5 
8.5 
16 

13. 5 
Ft. In. 

5% 
74 

3 
46 

8 
9 4  

15 0 
12 (i 

; 

3 
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There is a flexible co~iplirig' conuectiug each crank shaft to its line shaft, and the 

The screw propellers are right and left, with four blades each. 
The shaft brackets are of wrought iron; one is placed iiem the hnb of the screw 

and the other half'way between this aud the hull. The jouimals of  the brackets are 
liiietl with bronze aiid lignum-vit&, and the Shaft in these journals is covered by a 
bronze jacket in the usual way. 

The stern pipes are of cast iron, the after floors being bored to receive theni, and 
tho frames bcut round them. The stern bearings are likewise of cast iron, witli 
flanges fitting tlie hull; they are 3 feet 4 inches in length, are lined with lignum-vitz 
staves, and are recessed to receive the sturn pipes; tho U S U : ~  stuBng boxes are 
provided. 

The sea valves are of bronze with bronze stems, seats, aiid glauds, with cast- 
iron chambers, aiid have outside threads. 

There are two escape pipes, 0110 for each boiler, mid a steam whistle forward 
of the smokestack. The exhiumt from steam radiators and all auxiliary macliiriery 
is carried to the uiein condenser, the hot wolI, or to the atmosphere through the 
escape pipes, as preferred. 

lhg ine  siguals are made by ordinary bell puIls on tho bridge aiid in tlie pilot 
house, coniiectioiis being made to gongs on the engine. room platforill by means of 
wires and bell crauks. 

There are three gongs, tlie largo or main one in tho ceuter, a small one 011 the 
port side, and another of tho same  size, but of diEereut toile, on the starboard side of 
it, all inclosed within a brass hood which is connected with a returii soundiiig tube 
to the pilot house. Verbal orders are tratnsmitted through a speaking tube having 
brauches to  the bridge, the pilot house, and soundiiig iiiacliiue. 

The followiug are ttie engine signals hi regular sequeuce, both engines being at  
a staiid, and to be worked together as one: 

1. Jingle bell.-Cautionmy. 
2. One boll, niniu (gong).-Ahead slow. 
3. Jingle bell.--Full ~pood .  
4. Ono boll, Inain.-Half spued. 
5. One bell, Iriain.-stop. 
6. Two  bull^, main.--Uack, ordinary fill1 spoed. 
7. .Jingle boll.-13ack hard, opeu throttle. 
8. One boll, main.-Stop. 
9. Jingle bell, with engiuos at a stand.-IItrvu finidled with the uxiginos. 

thrust beariiigs are 011 the liiie shafts. 

StationB for working tho unginos. 

One boll always stops i i  bwkiug eiigine. 

The foragoiiig sigiials apply also to tho stw.hartl and port engines when they are 

Ill?~stratire exnmnp1e.-The vossel being uuderway wid both e~igines a t  a stand, to 

1. Ouo bell port, two bells starboard.-Helm hard aport; enginos working alike at half speed. 
2. Jinglo boll.-Full ~ p o e d ;  port ahead, starboard back. 
3. One bell, main.-Slow port, stop starboard. 
4. Ono bell port.-Stop port engino. 

Modificitions of speed other thau half or full power are effected through the speak- 

worked i tidependen tly, their respective gougs beiiig used. 

turri sliarp to starboard: 

iiig tube. 
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SVEDBERG’S MARINE GOVERNOR. 

I n  a heavy seaway a ship, from excessive pitching, mill sometimes throw the 
screw out of water sufficiently to relieve it of the resistance of the water; a t  such 
times the screw and engine, thus released, will spin around very rapidly, endangering 
the machinery. To prevent this it was formerly the custom to station a man at the 
throttle, mho would close it when the engine began to speed up (to 6crace”), and open 
the valve when the engine slowed down. This operation was never satisfactory, and 
gave birth to the invention of maiiy marine governors, the majority of which were 
centrifugal in principle, and consequently depended on the speeding of the engine to 
close the throttle, or, in other words, to slow the engine after the racing had com- 
menced. The object of the Svedberg governor is to anticipate the racing and to close 
the throttle valve before i t  commences. 

To accomplish this au air-chamber A is placed a t  the stern of the ship, as low down 
as it caii be lixed; the top of this air-chamber is connected to the top of a mercury- 
cup by a pipe; this mercury-cup B, is made on the principle of a Wolf jar, and besides 

. .. . . . . . . . . 

pJ 

CUT 12.-Svedherg’s marine govornor. 

mercury it contains a wooden float on t h e  lower end of the rod e, which passes through 
the oblique cylinder d to tlia surface of the mercury; the cylinder, though in the same 
casting with the mercury-cup, has its lower rim imitiersed in the mercury. Any 
elevation of the stern of the ship, or auy rise or fall of the water under the stern of 
the ship, will increase or diminish the pressure in t h e  air-chamber A, which pressure 
is promptly communicated to the mercury-cup B, and depresses or lifts the surface of 
the mercury in the cup; but as the lower rim of the oblique cylinder d is iqmersed 
in the mercury, any rise in B will depress the mercury in  d ,  and will came the float 
(and rod G )  to fall or rise accordingly; and this rise or fall is directly proportional to the 
pressure at the stern of the ship. The pressure exerted by tlie float is iiecessarily 
small, while the power required to move the tlirottle.valve is sometimes considerable, 
and for this reason a steam-engine is interposed, the float moving the valve of t h e  
little engine, whiIe the pressure of steam in tlre little cylinder moves the throttle. In 
this engine the piston and rod are fixed, while tlie cyliiider moves upon t h e  piston; the 
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valve chest and cylinder are cast in one, and the steam and exhaust pipes slide through 
stuffingboxes; the cylinder is connected by the rod e to the throttle-valve lever. 

The action of the machine is as follows: The water, rolling from underneath the 
stern, causes a diminution of the pressure in the air-chamber, which is transferred to the 
mercury-cup, lifts the float and rod c, and, through the levers, coiiimunicates a definite 
ainount of motion to the valve; steam is thus admitted to the cylinder and moves it to 
the right until its motion has equaled that of the valve, when the ports are thus 
automatically closed and the cyliuder and throttle-valve come to rest. By changing 
the quantity of mercury in the cup, adjusting the length of the rods or throw of the 
levers, tlie throttle-valve can be made to come to rest a t  auy desired position, or to 
work between desired limits. 111 practice the machine works admirably. 

BAIRD’S I’NEUMATIU INDICATOR. 

It is well known that the inertia of a steam vessel in motion is considerable, and 
that it requires sonie little time to change her direction eveii after the engines are 
reversed, aud it ofteu occurs in souncliiig and dredging that opposing winds aud 

@ .- 
vi 

CUT 13. CUT 14. CUT 16. 

currents carry the ship from the de8ired position with reference to sounding wire, or 
dredge rope; hence it becomes imperative for the officer in charge to know promptly 
whether tlie engines are running in the right direction. The object of the indicator 
is to give hiin this information, also to show whether they are goiug fast or slow, or 
standing still. 

There is an indicator for each sha’ft, and, having twin screws, the Albatross has 
two. Cut 13 is a sectional view of the back, cut 14 of the side, and cut 15 is a view 
of the face; cut 16 is a sectional view of the side, and cut 17 the end of the blower 
for the indicators j cut 15 is a general viem of the indicator and its coiinectioiia. 
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The indicators are of brass with steel shafts and spindles and  glass faces: they 
are secured with their backs t o  the after bullrliead of the pilot-house, as seeii in cut 14 
with  a circular hole in the wood large enough for the index arm to move i l l  ; the arrows 

CUT 16. 

on the faces of the indicators 
are visible from the dedi, or 
bridge, tliose 011 the backs 
from the interior of the pilot- 
house. 

The index arms revolve 
in the direction in which 
their arrows point when the 
engines are working ahead; 
upon reversing them the mo- 
tion of tlie arrows is also 
reversed. The index arms 
:we mounted upon each end CUT 17. 

of a horizontal shaft carrying a toothed wheel, cut 14, which is turned by the revolu- 
tion of a fan or propeller ou a vertical spindle that has a worm or endless screw, the 
threads of which mesh with the teeth of tlie wheel. 

The propellers are rapidly revolved by an air current when the engines move, 
transmitting motion through the spiral gearing to the index arms, the iiiovement of 
which is moderate, but the speed is variable with the speed of the engines and 

Indimtor. iiicitleiitally afl'ords a means of esti- 

CUT 18. 

mating by tho eye their speed as 
well as the direction in which they 
are moving. 

The air curreut is derived from 
small rotary blowers, cuts 1G arid 17, 
placed near the main shafts and 
belted to them, as sliowii in aut 18. 
When the engines are moving ahead 
the blowers draw. the air in and force 
it through the pipes to tlie propellers 
in the indicator case, thence it escapes 
to the at(mosp1iere. 

When the engines are backing, 
the air is drawn in at tlie top of the 
case, reverses tlie propellers, and, after 
traversing the connecting pipes and 
blowers, i t  is exhausted into the atmos- 

pliere a8 before. The coiinecting pipes are of drawn brass of commercial pattern. 

have greatly improved the maneuvering qualities of the vessel. 
The indicators were installed early in 1886. I They are simple and eff'ective, and 

BOILERS. 

There are two single-ended, horizoutal return tubular boilers of the Scotch type, 
constructed of American cl~arcod flange iron and placed fore and aft on tlie mid~hip 
line, with the fire-room athwartsliips between them. An annular steam drum is placed 
vertically over the fire-room, between the boilers, support!ed by wrougli t-iron girders 
which rest upon tlie latter, and is connected with :bn uptake common to both boilers. 
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There is a single smokestack, 10 feet of its base being formed by the steam- 

The following are the geiieral dimensions of the two boilers and accessories : 
drum, which acts as a superheater. The grate bars are double and in two lengths. 

Number, 2. 
Leugtch, 10 feet 3 inches. 
IXanieter, 12 feet. 
Number of furnaces each, 3; type, plain cylin- 

drical, 3 sections, Adn~rison’s rings. 
Longth of furiiaccs, 7 feet; dinmetor, 3 feet. 
Grate si1rface,21 square feet for furnace, 63 sqiiaro 

feet for boiler; total  grato snrface, 126 R(I. fk,  
Heating surface, 1,467 square foot; total licating 

surface, 2,934 square feet. 
IEatio of heating surface t o  grato siirfacc, 23.3 to 1. 
Niinibcr of tubes i n  each boilor, 197; material, 

brass; length, 7 foot 4 inches; diameter, cs- 
ternal, 3 inches; thickness, No. 12 wire gaiigo. 

Tliiclrnem of shell, 9 inch; of heads, +k inch; of 
tube shects, g inch; of furnaces, 4 inch; of coli- 
iiection shccts, + iucli. 

Weight of cacli boiler, excliisivc of grate bars, 
62,333 pounds. 

Weight of water iu cacli boiler (6 iiiclio~ alioro 
tubca), 31,833 poinids. 

Wciglit of grnto bars, cach boiler, 4,000 pouncls. 
Total meiglit of both boilers, \vit,h mater auil grato 

bars, 196,332 pouiicls. 

Working pressure above atmosphere, 80 pouuds. 
Steam drum : 

Matorial, American cliarconl iron. 
Length, 10 feet. 
I~iamcter, 7 feet, 4 inches. 
Diameter of fliic, 4 foot 4 inchw. 
Capacity, 256 cubic fcet. 

Total Irngth above the grate b:m, .50 feet. 
Diameter, 4 feet 4 inches. 
Wcight, 3,600 pounds. 

Number, 2. 
Type, 4-bladed, twin-ecreiv, right :met loft. 
Rlaterirtl, compositio~~, 88 cu. 10 811. 2 mi. 
Pitch: Port, 13 feet 11 inches; stiirboai-cl, 14 

Diameter: Port, 8 fcet 11% inclies; starboard, 

IIelicoidal area: Port, 30 q u a r e  feet; stbar- 

Weight : Port, 3,277 poiiiid~; darboard, 3,333 

Smolrcstr~ck : 

I’ropollers : 

feet +,, inch. 

9 foot g inch. 

board, 30 squaro fect. 

pounds. 

STZAM PUMPS. 

Tlie A Zbafross is provideti with six Ihvidson steam piiinps, as follows : 
No. 1. The circdating punip is piped to take water from the sea or from tho bilge, 

Its speed niay be varied from 1 to  nearly 200 :ind to discharge iiito the condenser. 
strokes per iiiiniite. 

CTJT 19.--Circ~nlating piiinp. 

No. 2. Tho boiler feed and firo pump ~ : L S  sea, and bilgn connections, and. delivers 
to the boilers, t o  tho liyilraiit pipe, engine-room, fire-room, ash-chute, and overboard at 
pleasure. The ligdrerit pipe runs fore 
niid aft ~mcler the insin-deck beams niid has connect-ions at, convenient, iiitervals 011 

both sides of the cieolc-house for fir0 and geiierd purposes. 

It is designed to morlr under great pressure. 
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No. 3. The hydrant pump is piped to take water from the sea or the bilge, and 
delivers to the boilers, hydrant pipe, ash cliute, or overboard. T t  i s  used for the 
general purposes of the ship arid can be worked in corinection with No. 2 in case o f  
Gre or leak. The bilges are pumped tllrougli :I mallifold system which is common t u  
both of these pumps. 

___ _ _ _ _  

Ship’s Maker’s 
nuni- niiniber 
b a r .  OII siee. 

____I_ 

1 20 
2 5 
a 5 
6 2 

0 
5 1 

1 
___-I_- 

CUT 20.-Boiler feed and fire pimp. 

No. 4. The auxiliary boiler feed is a vertical bulkhead pump, pi1)ed to take water 
from the sea, hot well, arid drain tank, and delivers to boilers, ash-chute, and fire-room. 

No. 5. The evaporator feed pump h k e s  water from the sea or from the tliscl~arge 
pipe of the distiller and delivers it to the  evaporator. 

No. 6. The aquarium pump has a sea connection, and delivers water to  the 
aqiiarin and bath tubs. 

Table akouiing IAe aize andpower of steani pump. 
_ _ _ _  _ _ _  - ___-_____ 

R. r.= 
liigli prew Dinin. of Dinin. of IIlclles Gallom c ‘ ~ ~ ~ t ~ ~ ~ ~ $ ~ ~  
wire. 1.. steani water 1 
S. =light rylinder. cylinder. stroke’ ~{~$epri’iltnry 
service. , 

Rtruken. Uallona. 
80 1,047 
100 112 
120 1 iu 
160 19 
150 7 

4 160 I 

stroke. 
I 

~ ________ - -  

L.S ..... 
H 1’. ... 
L.S ..... 
1I.P .... 
H.1’ .... 
WI’... .  

_ _  - _ _ _  ________ -- 

Ronrs and minutes - -. -. . . -. . -. -. - -. 8 
Mean sp(w1 . . . -. . - ~. -. - ___. . - _ _  .. - -. . - - - ~ 11. Fi! 
Steam pressnro ~ -. - . - -. -. . . . . ~ -. - ~. - . -. . - 71 
Receiver presanra . - - -. . -. - - -. ~ ~ - - - ~. . - ~. - 24 
Revolutions _.___. _____. ._____ _ _ _ _  _ _ _ _  ._._ 87. G 
Vacuum . . - - -. . -. -. - _ _  -. . . . - - ~. -. . . 26 
Throttle, holes- _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _  ____.  - 8 
Cut-oR, in decimal8 of atrolto ... . . .._. __._ 
Tern crature: 81, deck __.. . . - - _ _  . - - -. . _ _  - - degrees.. 50 

In engine-room - - . -. . -.  do. ~ ~ - 106 
Injection water ._ - _.. ___. .____.do.. _ _  47 

. I 2  

Capacity per niin- 
lite sow?ro mrv- 
ico. in cnso of 
umerponcy . 

Teniperatilre-eontinned. 
Diach:irgc water . . . . ~ . . - -. . .degreca. ~ 76 
Feed water. ~ - - - ~. ~ . - - - -. . - - - - . d o . .  . . 1OG 

Barometer _ _ _  - __. . . -. . . . - - -. . - - -. . . . . - -. . 30.15 
Mean ilralt of w:bter ... . _ _ _ _  . ___  _ _ . . f ( * e t . .  12 
Displacement hi t<ona.. - .  . . . . . . . -. .toils.. 1,074 
Pounds of coal consiiiiietl 1wr honr (Ki~n l -  

ainio) _.. ..____ ._.__. .____. ___._. ._____ 1,740 
Square feet of grate tiiirfa(~t 111 i m  . . - - - ~. - 12G 
Square feet of heatiiiy surfaco iii I I N O . .  . ~ ~. 2,934 
Ratio of licating surface to grato sorfibco. 23.3 to 1 

240 204 
300 39 

Weiglit 
in  

pniincls 

2.000 
1,100 

uuo 
250 
200 
PO0 
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SCALE- - 7  4 ~ 7 6-7 P e 10 rccr. 

MIDSHIP SECTION OF THE ALBATROSS, SHOWING BAIRD’S ASH ELEVATOR AND CHUTE. 

a. Con1 Imnkers. 8 .  I~*orwnriI voiit,il:itiirH. 
ti. l~*~~r\~: iv i l  boiler, ~i~i:tiiiiial riow. .f. 1)riiin rooiii. 
e .  Stearti ilriim. g. Buird’n wli-liniHting engine. k .  AHII bucket. 
d. Siiioke al.aek. 

11, ARII cliiito m i d  Iioplm. 
i .  Vorticnl tube for a8h bucket. 

C i 

__----------- ---1 

1 
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BAIRD7S AS11 ELEVATOE ANI) CHUTE. 

A midship section of the vessel is. shown througli line of Are-room, and Baircl’s 
ash-hoistiug apparatus, iiicluding hoisting engine :tnd chute, is sc?eii on tho port, or lefb 
side. The object of this machinery is to hoist tho ashes and clump them overboard 
with the least manual labor and to avoid carrying them across tlio deck. The vortical 
chute through the ship’s bottom has been tried and abaixdoned, as tho ashes sooil 
scoured through the bottom plates of the ship, in the wake of the chute. Tho steal11 
ejectors, tried iu  the Navy mere abandoned for the reason that the ashes, blo\v11 :tt 
such a high velocity, very quickly scoured through a 2-incli-thiclr cast-iroii pipe; Chief 
Engineer George W. Baird, 17. S. N., desigiied the diagonal tube Jb (a 10-inch wroixglit- 

W 

CUT 2l.-lhird’s nfih.hoisting nngino. 

iron boiler flue), surmounted by a hopper, and tho engine (I reforred to. A stream of 
water (14 inches iii diameter) is prqjected into the hopper while ashes me being dumped, 
:md the velocity of the descending cinders, though not great, is suflicient to project 
them quite clear of the ship’s side. The Iioppur and elbow are of cast iron. 

Cut 21 shows several views and sections of the hoisting eiigiue. 
The principle of the  engine is very old, it belonging to that class wliicli is reversed 

by ‘ 6  changing the ports,” i. e., by having an arrangement by which the stoani and 
exhaust ports arechanged, the one for the other. For siinplicjty and fewness of parts 
t h o  crank alinft, and hoisting drum are one and the same piece of cast iron; the cyliii- 
dcrs are oscillntiiig, their ports being on truunions, the motion of tlie cylinders opening 
aid closing the ports; the steain olicst botwoeii the two cyliiiders is coiuinoxi to both, 
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and has a t  its center a piston valve; steam enters tlirougli the end of the piston 
valve, and by moving this valve the steam goes to one side of t h e  chest only; by 
moving the valve in tlie opposite direction the steam woultl go to tlic otlier side of' 
the valve chest, which latter is divided, by a longitudinal diaphragm, into %mo com- 
partments; tlie exhaust is tlirougli one side of the pistori valve. By this arrangement 
i t  will be seen that when this piston valve is in its iniddle position no steam can pass 
into or oiit of the engine, which, of course, stops i t ;  it is slso manifest that a movement 
of the valve in one direction will cause the engine to run in one direction, and the 
opposite motion of tlie valve will reverse the engine. The piston valve is moved by 
a lever which has a long slot in it (a ,  cut 21) through which the hoisting rolp 
passes; on tlie rope there are two stops (knots), so situated that one will press mid 
move the lever wheii tlie bucket k is up, and the other when tlie bucket is down. 
To operate the machine two men are einployed; the first one fills the bucket and the 
second one moves the lever, the bucket rises to its stop and is brought to rest; tlie 
second man dumps tlie bucket into the chute, and pulls the lever, wlien the bucket 
descencls to the floor and is again automatically stopped. The inacliinc is noiseless 
and rapid in its action, works with certainty, and requires but little attention. 

COAL BUNKEBS. 

The boilers are fore and aft on tlie midship line, and wing bunlrers extend the 
wliole length of the boiler space, 40 feet in the liold and 32 feet above the berth deoli, 
on both sides, from the floor to the main deck. The forward and after sections are 
corinected by arches over the boilers. The capacity,of the wing bunkers is 125 tons. 

The forward bunlcer lies between tlie boiler space and laboratory store-room j it 
extends from floor to berth deck and across tlie whole beam of the vessel, with a 
capacity of 40 tons, a total bunker capacity of 175 tons of bituminous coal. There 
are 8 coaliiig scuttles, 4 on each side, a t  convenient intervals on the main deck. 

An atusiliary bunlrer lias been improvised upon several occasions from the labora- 
tory store-room by removing from it everything except the inclosed loclrers, which 
were protected by rough boarding, leaving stowage room for 45 tons, in ba,gs; and a 
goin of 15 tons could be effected by removing tlie loclrers. Coal carried in this space 
is passed througl~ tlie laboratory Iiatcli. A deck load of' 25 tons niay be safely carried 
in bags, giving a total coal capacity as follows: 

Wing bunkers. - - - - - - - - _ _  - ._ - - -. - - -. _ _  __. - - __. -. - -. . _ _  _ _ _ _  ._ - __ .  ._ - - - . tons .  - 125 
Forwnrtl bun1;er ._____ .-- __. _ _ _ _  - .___ ._ _ _  _ _ _ _  __.. - ._____ - .-- _ _ _ _ _ _  _ _ _ _ d o .  _ _  40 
Auxiliary bunker, bwggcd .___. .__. - _ _  - .__ _ _ _  ___. _._ - .  _ _  - __. . _ _  _ _  . _ _ _ _ _ d o .  ._ 45 
Deck load, b:rgged ._.. .__. .____. ._.. ... . ._ _. .. __.. .. .. __.. ._.. ... . _... do. _ _  25 

r ,  Iota1 coal capacity.-. _ _ _  _ _ _ _  ___. ._ - _ _ _  ___. ~ .__ _ _ _  - _ _ _  _ _  ~ _ _ _ _  _ _ - . d o .  _ _  23.5 
The auxiliary bunker can be utilized only by landing a portion of the mientifie 

outfit. Tlie steaming radius, with 235 tons of good bituminous coal, a fairly clean 
bottom, and good we;ttlier, is 4,500 miles at an 8-lcIiot speed, mliich can be niainhined 
on a coiisuinptioxi of 10 tons of' coal per day. 

13AIRD'S FRESH-WATER DISTILLING APPARATUS. 

Tlie distiller (cut 22) is patented by the inventor, Chief Engineer George W. 
Baird, U. S. N., and is the form generally used on board American steamhips. 

The object of' the apparatus is to distill clrinlring water. There are three block-tin 
coils placed inside an annular cast-iron cylinder, tlie coils terminating iu manifolds 



1)EEP-SEA EXPLORATION. 283 

which pass through atufing-boxes iu the hcads of tho cylinder. To the top OS the 
coils is screwed an air-injector a, whicli is snpplied with stenin at b aiid air at c, 
the velocity of the steam inducing the sir current; the steam and air thus entering, 
molecule to molecule, are thoroughly mixed before concleusation. The currcnt of sea- 
water, forced into the condenser at d, passing out a t  e,  keeps the surfaces of the 
coils cool, condensing the steaiii within. The fresh water and air rush out of the 
coils a t  falid into a filter of animal cliarcoal, from \vliich i t  is delivered to the ship’s 

It 

C 

CUT 22.-Ihird’s fresh-woter distilling nppamtiis. CUT 23.-Beirrl’s ovaporntor, No. 5 ,  ‘ ~ y p o  c. 
tanks through the opening !/. The fresh water mill absorb (dissolve) oiily a sniall 
portion of air (less than 24 per cent of the volume under pressure of the atmospliere), 
but the large excess of air injected into the stenin serves to oxidize organic iiintter 
which is brouglit over by it, and this especinl filter is to remove those oxides. The 
object of the nniiiilar jet  of steam is to bring a lnrger surfiwo O S  steam-jet in oontoct 
with the air, aud the ob,ject of the auniilsr coiideusar is to compel the oirculatiug 
wa,ter to flow over the condelising surhce. The filtering niateri:d requires to be 
renewed about once in two yews. The coiuniercia1 size of‘ the in:ichino is No. 4, and 
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its capacity is 2,000 gallons per day; the daily consumption of water on board is 
about 250 gallons. A ton of coal will distill about six tons of water, so there is a 
s:rving of weight and space by ernploying t h e  distiller 011 board ship. The quality of 

. the distilled water is always the same, and I quote the words of an eminent medical 
director of tlie Navy i n  saying that LLdiarrhea has diminished 50 per cent on board 
our ships since the introduction of distilled meter.” The water is clear and, being 
well aerated, tastes quite a s  good as hydrant water; in fact i t  is difficult to detect, it 
as the product of distillation, particularly since the evaporator canie into use in 
connection with this apparatus. 

BAIRD7S EVAPORATOR. 

This valuable adjunct to thc condensiiig apparatus has greatly improved the 
quality of the drinking water, besides providing fresh feed for the boilers. Cut 23 
shows a sectional elevation of the Albatvoss’s evaporator, known as No. 3, Type 0. It 
has a cylindrical shell of steel 2 feet G inches in di:meter and 7 feet in heiglit. On 
one side is a cast-iron door and frame, the former containing a steam cliest in  which the 
ends of the copper tubes terminate. But one joint need be broken in order to remove 
the tubes for cleaning. They are shown partially withdrawn. 

The method of operation is as follows: Sea water is pumped into the evaporator 
until the tubes are covered; live stesrn from the boilers enters a t  the top of the steam 
cliest, the lower end draining to tlie hot well. As steam forms from the sea water it 
ascends through the baffle plate to the steam pipe, and thence to the distiller, or 
main condenser, according as it is to be used for drinking purposes or for boiler feed. 
Excellent results liave been obtained from its use on board tlie AZbatross. 

THE STEAM WINDLASS AND CAPSTAN. 

This mschine is commercially known as the L L  No. 4, Providence capstan windlass,” 
and was built by the American Ship Windlass Company. It is situated under the 
forecastle on the main deck. The windlass portion consists of a horizontal wrought- 
iron shaft, mounted in  journals on cast-iron frames, and carries two gypsy heads, a a, 
two cam-clutch wheels, d d, a bevel gear-wheel, and a spiral gear-wheel, which are 
keyed to the shaft; it also carries a pair of wildcats, b b, and friction-brakes, e c, 
which are not keyed to the shaft. The bevel gear communicates motion to or from 
the capstan, and may be uncoupled by unkeying the pinion; the spir-a1 gear is for 
communicating the motion of the engine to the windlass. By revolving the cam- 
wheels d d a fraction of a revolution they are coupled to tlie wildcats b b, by which 
inems the wildcats may be made to revolve with tbe shaft at pleasure, and by this 
means the chain inay be veered to one anchor while the other is hoisted; both may be 
hoisted or both veered while tlie engine is in motion. The capstan is on the’forecastle 
deck and is keyed to the shaft or spindle f. Phis capstan, which is revolved through 
the bevel gears, is used for catting and fishing the anchors, for hauling upon hawsers, 
hoisting boats, etc. (See plate xIr.) 

The engines are placed horizontally beneath the forecastle deck. They rotate in 
the same plane, are placed at an angle of 900, and act upon the same crank-pin. They 
have locornotive slide valves actuated by loose” eccentrics, by wliicli means the 
engines are reversible. The cylinders and their respective cross-head guides are in 
OIJ0 casting, while the outer cylinder heads only are movable. The cyxnders are 
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STEAM WINDLASS AND CAPSTAN. 

Diameter of windlass shaft . . . . . . . . . . . . . . .  .inches.. 31 Number O f  steam (.ylindeI'H . . . . . . . . . . . . . . . . . . . . .  
Sniallest diameter nf gypsy heads ........... .do.. . .  
Largest (inboard) diameter 01' gypsy Iieuds . . .  .do.. . .  
End (outboard) diameter of gypsy head8 ..... .do.. . .  
1,ength of gy s heads.. ...................... do. .  . .  1 

Size of starboar chain (dianietrr of iron!. .. 
Size of port chain (diarnehr of iron . . . . . . . .  .do.. .. 
Chain per revolution of SLarb0al.d wild cflt.fnthomS.. 
Chain per revolution of port wildcat,. . . . . . . .  .do . .  . .  
I)i ]meter of friction-brakes. . . . . . . . . . . . . .  .iuclics.. 2 
Widtii of Pace of friction-brakes.. ...... -. . . .  . d o . .  .. 
Total length of witi(I1aw shaft. . . . . . . . . . . . . . . .  do.. .. 92 Ilnte of Jieaving iii pnrt mchor, i l l  fatlionis, per inin- 
Number of teeth i n  bevel spur-wheel ............... 49 U t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Number of teeth in bevel pinion . . . . . . . . . . . . . . . . . .  12 1,mgtIi of s tar l~on~~ l  clinin.. . . . . . . . . . . . . .  
Nnmlmr of teeth in spiral p r - ~ j  ec.1.. . . . . . . . . . . . .  52 Inngth of ])wt vliain . . . . . . . . . . . . . . . . . .  
Number of couvolutions of worlxl "'screw thrend.. 4 WPiyht of xtal'~)rmYi ciinill . . . . . . . . . . . . .  
Outer cliarnetor of worm wr(w ........... inclies.. 8 Wn lit of port cliiiin. . . . . . . . . . . . . . . . . . .  .(lo . . .  !).28:3 
Radial length of worm-screw tli~~erttls . . . . . .  .(lo 
Pitch of spiral gear . . . . . . . . . . . . . . . . .  .do  
1)iatneter of capstan rpiutllr . . . . . . . .  do 
Srndlext diameter over cnpstitll a~llelps. . . . .  do 

1 
1 
1 

Number of w&+ ou,wild,eats :. . . . . . . . . . .  

111 o f  stwboiiril niiclior ant1 stoclc . . . . . . .  .do. . . .  
ht of ~mrk ancl~o~. and sLo<*k. 
weiylit # i f  both tincllnrs and cliaii 

ht of stciun cupstan witidlass, cot 

... 

Projected height of capstan drum . . . . . . . . . . .  .do. ... 14 
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sufficiently large to hoist both anchors at ordinary depths of wltter, with 10 or 12 
pounds of steam per square inch of piston, and for this reason a l>ressure-reb.ulatin~. 
valve (cut 24) is placed in the steam-pipe; by tighteniug or slacking the screw the 
steam is adjusted in the cylinders to any pressure inside the limit of the boiler pressure. 

The engiue takes its steam from the maiu boilers, and exhausts into the maiu 
condenser or into the atmosphere, as desired. 

A 

CUT 24.-Prossuro-ru~uIatii~ valve. 

The engine makes from 275 to 325 revolutions per mi~iute; a t  300 revolutioiis the 
velocity of the starboard chain would be 4 fathoms per minute and the port chain 
3.4 fathoms per minute. 

LIGHTING. 

The Albatross has an electric plant for both internal and exterual lighting; also a 
complete outfit of oil lamps for burning minerd sperm. She was 'the first United 
States Government vessel to receive an electric iiistallatiori for iiiternal illumination. 
The original Edison electric plant furnished tlie vessel in 1882 consisted of a 21 
dynamo having a B circuit of 51 volts, driven by an Armington & Sirns Sg by 10 
inch engine, which, at 350 revolutions, drove the dynamo 1,700 turns per minute and 
furnished ample power and uiiiform speed. 

There were 120 8-candle incandescent lanips in circuit, also a powerful arc lainp, 
which was run on the same circuit and used when a concelltrotion of light was 
required at the table sieve to facilitate the work of the naturalists. Tho dynamo \vas 
rated a t  1,200 candles by the makers, but was capable of developing much gruater 
power. A new electric plant was installed in 1857, which represented the improve- 
nieiits of five years. It coiisists of a No. 3 dynamo, with an A circuit of 110 volts, 
driven by an Arniiugtou & Sims GB by 8 inch cngino (cut 25), which at 300 revolutions 
drives the dynamo 1,200 turns per minute. 

The dynamo was rated by the makers a t  1,200 candles, yet i t  develops nearly twice 
that power without visible evidences of distress. There are a t  tlie present t ime 152 
16-candle incandescent lamps in circuit, besides several portable haiid lamps, which 
are connected as occasion requires. Of course, the lamps are never all in use at the 
same time, seldom more than half of them, the installation furiiishiiig all the current 
needed. 

The governor of this engino is fixed to the fly wheel, wliich is keyed to the shaft, 
and consists of two eccentrics, one withiu the other, each moving indepondently upon 
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its axis, two weights pivoted to the arms of the fly wheel with their centers of motion 
opposite: and two spiral springs. The weights are each connected to one of the eccen- 
trics by an arm or rod, tlieir centrifugal force beiiig controlled by the spiral springs in 
such a manner that the motion imparted to them by tho revolution of the fly wheel 
tlirows one eccentric: ahead aud the other back, thus diminishing their throw and 
effecting a shorter cut-off witliout changing the lead of the valve. 

The governor maint:tiiis a uniform speed under all the varying conditions of 
service, and the uniformity of current supplied to lanips in use is preserved by an 
adjustable resistance box ?lid switch placed in the field circuit. 

TVirii~y: The original wires, all copper between Nos. 10 and 20, were insulated 
with woven cotton and white lead, extra covering of rubber beiiig used where they 
passed through damp places; hard rubber tubes eucased them where they led through 
bulkheads, and in hot places, such as the engine and fire rooms, they were drawn 

No. 1. Cobin and ward-room, port side. 
No. 2. Cabin aud wml-room, starboard eido. 
No. 3. Deck-houso, outsido. 
No. 4. Drum-room, galley, deck-houso roome. 
No. 5. Laboratory and chart-room, starboard side. 

No. 6. Laboratory and charbroom, port Hide. 
No. 7. Stceragc, main deck, foreoustlo starboard 

No, 8. Stcoroge, main deok, forecastle port Hide. 
side. 
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Fig. 0. Fig. 5. 

Fig. 8. Big. 9. 

LAMP FIXTURES. 
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Portable electric light$: There are two small reels carrying 50 feet each of 

insulated flexible cable, to wliich 50-caudle incaudescent lamps are attached; one 
reel is in the pilot-house, the other under the forecastle, and both can be concen- 
trated upon the table sieve, where a bright light is required for collecting and 
assorting specimeiis at night. These lainps have replaced the arc lights used for the 
same purpose during the first cruise of' the Albatross. They are more easily managed 
and answer tho purpose equally well. 

Submarine electric lamps are improvised on board the AZbatross by connecting an 
ordinary 16 or SO-candle lamp to one end of a11 insulated cable, carefully wrapping 
the joint to makeit water-tight; a plug 011 the other end forms a convenient connection 
wherever R lamp socket is found. They a8ro especially useful in collecting a t  or near 
tlie surface, lightiug up the sounding machine, dredging gear, or any part of the deck 
remote from fixed lamps. 

LAMP FIXTURES. 

There are combination elcctroliers iu the cabin and ward-room arranged to burn 
either mineral sperm oil or electricity or both. The bracket fixtures are desigued to 
be suspeuded above atnd cast unobstructed rays of light downward; they are band- 
somely made of brass with porcelain shades, three kinds being used, called brackets, 
swing brackets, and double swing brackets, as shown in figs. 1, 2, and 3 (plate XUI). 

The wires are run through the tubes of these brackets, but in the joiuts of the 
swinging brackets the current is transmitted through insulated hinges, to which the 
wires are fixed by bindiug screws, as shown a t  a in fig. 4, by which ,arrangement 
tlre wires are not twisted in swiiigirig the braclret. The wires are brought to the 
binding posts in the lamp socket, fig. 5, between their binding screws and brass con- 
ductors; one of these brass conductors is soldered to the thin-spun brass socket into 
which the lamp is screwed, while the other is connected, through the key, to a brass 
disk placet1 centrally in the bottoiii of the socket, against which one poIe of the lamp 
presses wheri screwed in place. Tlie key is inountcd on a screw thread of such pitch 
that one-fourth of a revolution will give it sufficient axial motion to open or close the 
circuit. 

The lamps are of thin glass, pear-shaped, containing a thread of bamboo carbon 
about as thick as a horsehair. The sinal1 end of the lamp (fig. 6 )  contains glass of 
sufficient thickness to imke a tight joint 011 the platiuuiu wire conductors which 
carry the current to the carbon. 9'11e atinosphere is exliausted by Edison's modifi- 
cation of the Sprengel pump, through a tube a t  the lower end of the lamp, and the 
tube is then fused and broken off. Platinum mire is used because its index of expan- 
sion is the same as that of glass, thus preveritirig any breakage or leakage from the 
heat. The bamboo carbon and platilium wire are soldered together by electrioaily 
deposited copper. One wire, passing through the glass, is soldered to a small brass 
disk which is centered on the top of the lamp (fig. G ) ,  while the other wire is soldered 
to the spun.brass screw thread which surrounds the cylindrical part at the top of the 
lamp, and when the lamp is screwed iuto the socket (fig. 7) the circuit is completed 
or broken by the switch or key already described. 

When the circuit is closed the carbon thread becomes heated to incaiitlesoence- 
from its high resistance-aud continues to glow, in v;wuuin, without burning, so long 
a8 the current eontinues to flow. Big. 8 shows a lamp screwed into its socket. 

By varying the length, and also the sectional area of the carbon thread, keeping 
the electro-motive force consfaut, Bdisou has varied the candlepower of his lamps. 
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Sixteen candlepower lamps are in general use on board the Albatross. The copper 
wires, being of high conductivity and of ample size, carry the current with but little 
warming, notwithstwudiiig the white heat of the carbons in  the circuit;. by varyiug 
the size of the wires i t  will be found they follow the same law as to resistance and 
heating as the carbons. 

Let 12 = the resistarice of a conductor; S = its sectional area; 1; = its length; 
a = constant depending ou material of which the conductor is made; then 8 R = a L, 
and from this simple equation the relative sizes of the wires and carbons have been 
determined. 

The “lifetime77 of these lamps is warranted to be GOO burning hours, 

SAFETY CATCHES. 

I n  event of a “short circuit77 (an accidental connecting of the + and - wires) 
by a good conductor there would instantly be generated sufficient heat in the wires 
to uielt them and to set fire to the adjacent woodwork, and possibly melt the armature 
also. To prevent this, Mr. Edison has devised his cut-out blocks and safety plugs, 
shown in figs. 9 and 10 (plate XIII). The wires of the circuit connect to the binding 
screws in the blocks, while the plugs screw into the sockets of the blocks when the 
circuit is completed through tho plugs, after the manner of the lamps; but the wire 
which connects the two poles of the plug is made of a fusible alloy, which melts at about 
400 degrees, a n d  the melting of this mire breaks the circuit. When this happens ell 
the lamps fed through that plug will go out. These safety catches are placed on the 
main wires near the dynamo and on every branch circuit near the point where the 
mains are tapped. 

VENTILATING. 

Naturd ventilation is provided by large air-ports and skyliglits which, under ordi- 
nary conditions, aEord sufficient circulation to insure normal hygienic conditions, but, 
to guard against the discoinforts of closed ports and skylights in stormy weather, and 
to insure the safety of the laboratories where large quantities of inflammable material 
and volatile liquids are carried, the vessel is provided with a simple system of artificial 
veritilation capable of’ supplying over 7,000 cubic feet of air per minute. 

The plant consists of a pair of Sturtevant No. 5 Monograin exhaust fans, driven 
by an upright engine belted to them. The conduits are of ltoot’s spiral galvamized- 
iron pipe. Those leading forward are I) iriches and those leeding aft 7 inches i n  diame- 
ter, both diminishing in size to 3 inches in diameter a t  the extremities of t.he ship. 
They run fore and aft on both sides just under the lodger plates of the berth deck, 
and branch pipes 3 inches in diameter are carried up through the deck to the 
apartments to be ventilated. 

Each pipe terminates in a polished brass register, easily worked by hand, and air 
and water tight when closed; sliding gates in the conduits control the volume of 
air exhausted from different compartments and shut off’ communication in case of fire. 
The air is rapidly changed by running the fhns even at a inoderate speed, when there 
follows 8 notable absence of odors peculiar to.ships, of stiiACiness i n  the sleeping 
apartments, of headache and nausea on waking in the morning, and of dangerous 
accumulations of pas in the laboratories. 
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WARMING. 

The Albatross is warmed by the simplest form of steam radiators, 1 square foot of 
radiator surface being allowed for every cubic foot of space to be heated. The dis- 
charge is trapped arid the water conveyed to the hot well. Much trouble WiiS experi- 
euced with the traps from lack of sufficient head until Chief Engineer Baird devised 
one (cut 116) which perforined its work satisfactorily. 

The wheels A and I3 are used ouly whoo the valve J becomes clogged or sticks. 
The operation of the trap j s  as folloms: When the steam and water outer it at C 

add rise to the floating points of tho ball the water lifts it and opens the valve J 
enough to bring tlie port holes iu it opposite the holes i i i  the cylindrical case in which 
it works, and discharges the water a t  I into the hot well. 

A. Valve wohool by mliioli tho lover F is ruisod, 
tliue opoiiing tlio trrtp by haiid. 

I%. Vdvo who01 by whiuli tliu lover F is loivoretl, 
closing tho vnlvo by Iiiiiid. 

C. Iulet to roooivo tho discharge from the radia. 
torn. 

D. Coppur ball, or flout, hoavy, and brncod at tho 
joints NO tlmt i t  call nut cullupso or leak. 

E. Giiido in wliich tho lover worlcs. 
F. Tmwr uporating tho float and valve. 
G. Coanoctint: rod butwoon tlio lover B 1un1 pis- 

I€. Stud supporliiig luvor B’ and float D. 
I. Oiitlol or illischargo. 
J. Pistou rnlve. 

tori \wlvo J. 

CUT 2fi.-Baird’a Automatic Sbonm Trap. 

Baird’s trap has the following advtmtages : 
1. It has a perfectly balanced vdve, which oporatos equally well with high or low 

pressures. 
2. Tho a’rea of the o p e t i i u g s  io the valve are equal to  the inlet and djscharge 

pipes, which preveiits the trap from beiug flooded. 
3. It has ;I drain pipe through which all water or sediment can be blown out 

from the bottom, or, being left open, lceeps the trap dry when the radiators arc3 not  
in use. 

3’. 0. U. 18lJlL-10 
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THE DEVELOPMENT OF DEEP-SEA SOUNDING. 

The ordinary lead and line sufficed for navigational and otlier purposes until near 
t h e  middle of the present certtury, when tho needs of deep sea investigation and 
submarine cable surveys called for improved methods. A device for detaching the 
weight mas recorded in the seventeenth centurg, showing that attention was attracted 
in that direction a t  au early day. Among the earliest recorded soundings of conaid- 
eiable depth may be meiitioned that of Ellis, in 1749? OB the west coast of Africa, where 
he reached bottom in 891 fathoms. 

In 1819 Sir John Ross sounded in 1,000 fathoms, bringing up a satisfactory bottom 
specimen in the “deep-sea clamm” designed by him the previous year, and described 
as follows: 

A large pair of forceps, kopt aptirt by e bolt, and tho iiistrumont was so contrived that on the 
l d t  striking the grouiid a huzwy irou weight slipped down a tipilidlo and cloaed the forceps, which 
retained witliiii them a considerable quantity of the bottom, whether send, mud, or smell atones. 

Officers of the United States Navy and Coast Survey were particularly active in 
their intelligent arid systematic efforts to reach a reliable and accurate method of 
tlcep-sea sounding, but the results mere meager so long as they retained the rope of 
large cross-section and noudetacliable sinkers of insufficient weight. 

The cause8 for the many failures are made sufficiently obvious by reference to 
Professor Trowbridge’s remark8 regardii.g the resistance of rope in sounding: 

Tho resistanco of the lino raries. first, as tliu square of the velocity; socond, as tlie diameter of 
the line; third, as the length of tho line inimorsed. 

With tlie above rule in mind, and the fact that a hemp line in sea water is only 
one-fourth its weight in air, and that its naturally large cross-section is increased by 
saturation, i t  wilI be seen that even in iuodcrate depths the contiuued action of resist- 
ance and the deffective force of curreuts may approximate to the weight of the lead, 
and the line, left to sink slowly by its o m  weight, will continue to run‘ out indefinitely, 
giving no warniiig when bottom is reached. 

The following reports of souridings iiiade in the Atlantic Ocean aud Gulf of 
Mexico by United States and British iiaval officers serve to iIIustrate the primitive 
appliances and methods of the time and accentuate the great importauce of later 
experience aud iuven five genius. 

Lieut. M. P. Maury, United States Navy, who was always foremost in every 
effort at advancement, advocated the use of a sinal1 line of great strength, made of 
the finest flax, and a largely iucreased weight of sinker. The new line weighed less 
tliau 10 pouuds to the nautical mile, and was measiired, waxed, and carefully wound 
on reels of convenient size when issued for use. Naval vessels were furnished with i t  
about 1850, and some notable successes were achieved by its we,  showing that it 
was a move in the right direction; yet frequent failures and discouragements were 
encountered. 

Lieut. William ltogers Taylor, of the U. S. 8. Albany, introduced the systematic 
iise of the time interval, which was an important improvemerit arid continued to be a 
marked feature in deep-sea sounding uutil the successful introduction of wire, wheu 
its importance greatly diminished j indeed, it was of no service as far as the souuding 

I 
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THE BROOKE DEEP-SEA SOUNDING APPARATUS 

Fig. 2. 
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itself was concerned, but was aiid is still recorded to show comparative results 
under the varying conditions of' actual practice. 

The explorations of the U. 8. S. Dolphin from 1851 to 1S53, under Lieutenants 
Lee and Berryman, were accorded a promirieii t place among the 11otable achievements 
of tlie day. They used the apparatus just described, introduciiig from t ime to time 
such improvements as experience suggested, aiid iiiidor tlieir hands tlie science of 
deep-sea sounding ritpidly approached a practical basis. They sounded from boats, 
which were held in position by t~ ie  use of the dars, operations being confi1ieci to 
smooth or moderate weather. They used waxed twine, observed time iiitervals, and, 
the siiiker having reached the bottom, the sounding line was cut, 110 eff'ort being iiilttlo 
to recover the weight. Submarine telegraphy W;LS msuiiiing great importance iii the 
public mirld a t  that time, stimulating inveiition iii everything pertaining to the 
development of oceaii depths. 

BROOKE'S DEEP-SEA SOUNDING APPARATUS. 

In 1854 Passed Midshipinaii John M. Brooke, 'IJnited States Navy, devised a simple 
and effective iiietliod of (letachiiig tlie sinker aiid briiigiiig up  :I specimen of bottoiu soil. 
This tiiiiely iuveiition (plate XIV) marked t h e  beginning of :LU eutire revolution in tho 
appliances uiid methods of deep-sea sounding mid ramailis tho :~clmowledged progeui- 
tor of all the vwious form of sounding rods and detachers that have been iutroduceil 
to the preseiit time. It is no loiiger used in its original form, yet a brief description 
will be given to show how com1)letely tho principle of his :qjparatus is retained in all 
subsequent modifications, which are little more than successive refinements of his 
simple meclimism. 

opposite sidcs to guide and steady the slings. A nuuiber of goose quills are sho~vn iu 
the lower eiid of tho speoinian cup, hold iii placd by their own elasticity, iiiteiicled to 
act as collectors aiid foot valve. A leather circulatiiig vdve opeiis outward froin the 
upper end of tlie cup, which allows free circulation of water through it during its 
descent, but closes and protects the coiitents while it is going up. 

Tho roc1 :tiid detacher are so designed that tlie foruier retaius a vertical position 
during the descent of the sinker. When i t  reaches the bottom its weight is removed 
from the detacher and the latter falls by iks owii gravity, thus releasing tho sliugs 
and freeiiig the sinker from tho rod after it has performed its fuiiotioii of carryiiig 
tlie latter rapidly to its dostiuatiori and presRiiig it into the bottom soil to secure the 
desired specimen. 

In lS56 the U. S. S. Arctic, Lieutenant Berryman, iiiade :I cable survey froin 
Newfoundland to the coast of Ireland, which may be coiisidored the first deep-soa 
souiiding expcditiou in which a11 :~pproach to modern spplieiices aud methods was 
successfully nsed. The line was of flax, 1 iiich in circunferenca, wound on a steam 
reel arranged to work from the born of the vessel. The Brooks apparatus was used 
with sinkers about 150 pouiids in weight., and the depths were checked by a Massey 
self-registering souudiug machine. 

Tho results of the survey, although accurate for the time, were a t  first somewhat 
discredited l'roiii their having discarded tho time interval, but in the light of moclern 
experience it is evident that tlie oflicers of the Arctic, who mere certainly the best 
judges, cousiclerod their mobliods and results roliable without its use. The secret of 

The sinker is a spherical shot cast with a hole through it  arid shallow grooves on , 
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their success is attributable to  the Massey machine combined with a comparatively 
heavy detachable sinker, controlled in its descent by an intelligent a1)plication of the 
friction brake, which stopped the reel promptly when bottom was reached. The 
line weighed about 200 pounds to the nautical mile and would have carried a sinker 
of 600 pounds with safety, thus materially increasing the rapidity and accuracy of 
the work. 

The Stellwagen and the Sands cup leads, with nondetachable weights, were among 
the many devices brought forward for sounding. They were both excellent for use in 
shallow water, or moderate depths where the lead can be recovered. 

Belknap describes the 
Sands cup as follows: 

A key, a, holds the tenon b 
into the bottom of the deep-sea 
lead, into which tenon is scrcwed 
the  tube c (which is conical at 
the lower t:nd for penetrating the 
bottom), over which moves a 
cylindrical sliding valve d,  with 
flange 13, which, resting on the 
bottom when the lead roaches it, 
is pushed up above tho elliptical 
liolef, in the side of tho tube for 
tho  aillnissioii of the specimen, 
and closcd by the spiral spriug g 
(when the lead is free from the 
bottom), which keeps i t  firiuly 
down on tlie rest-pin Ir,  prevent- 
iug tho washing out of tlie tjpcci- 
mcn in' the  jorking motion of 
hauling in the line by hand. The 
tube is iinscreweil from the tenon, 
and tlic specimen emptied out at 

CIJT 27.-Sands cup, side and sectional views. the upper end. 

The material of the specimen cup is brass; i t  is easily attached to an ordinary 
deepsea lead, and may be used to advantage in moderate depths. Sands subsequeritly 
added to his'cnp a detachable sinker composed of two hemispheres of cast iron with 
suitable grooves on their flat surfaces to take the rod where they were held in place by 
appropriate studs and springs, which also released them ou contact with the bottom. 

British naval officers were also active in deep-sea sounding and did much toward 
its advancement; the (4 bull dog I? apparatus, a modification of 1Zoss's '' deep-sea 
clamm,~? wau introduced in 1860. The forceps are retained but the weight is 
detacha,ble. The Pitzgerald and Hydra, both having detachable weights, were 
brought out in 18G8, and the latter was successfully used on the Porcupine during her 
scientific cruise, where with a liue 0.8 inch in circumference, weighing 125 pounds to 
the nautical mile, and detachable sinker of 336 pounds, they reached bottom a t  a 
depth of 2,435 fathoms a t  the mean rate of 72 fathoms per minute, about seven-tenths 
of the best modern practice with wire.- 

This was evidoutly an oxceptional sounding, made under the most favorable 
conditions, and can not be accepted as average work, yet it shows marked improvement, 
the result of iucreased weight of sinker. 
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H. B. M. S .  CWtcllcnger sailed on her celebrated scieutific voyage around the world 
in December, 1872, six montlis after the introduction of Sir William Thomsoii's machine 
for sounding with wire, and at  the iiistatico of tho itirentor one of his niacliines was 
p€aced 011 board, b u t  was relegated to tlio storerooin, ~vliere i t  renmined cluring the 
entire cruise notwitlistandit~g the reinarkable success attending its introdnotioil into 
the United States Navy and Coast Survey. 

The successful operations of tlie Porcupine ill. sounding with rope naturally influ- 
enced its retention on the Challenger, which was amply 
supplieit with the best Italian hemp No. 1 line, 1 iiicli in 
circumference, weighing about 200 pouuds per nautical 
mile. The Baillie sounding machine, a modification of tlie 
Hydra, mas adopted, and it was unquestiouably tho best 
device yet introduced for sounding with rope. It diff'ered 
from the Hydra priiicipall~ in the detscher, which was 
much improved; the rod remained prectically the same, 
and the disk weights yere retained. A further illcrease 
in the weight of sinkers to 400 pounds and upward i n  deep 
water, enabled them to obtain good results, although at  
the expense of much t h o  arid labor. 

The Baillie Rounding inschiue is described AS follows 
by Sir U. Wyville Thomsou: 

It is represented in  perfection in the positiou in wliicli i t  is let 
go in A, and i n  seotion in saiiie position a t  13. The tube A is about 
5 feet G inches in  length by 23 iuchea in diameter. Tlic boro is  2 
inches, so tliat the well is one-fourth inch thick. Tlie principal pert 
of  the tube i R  of iron. I t  is bored near i ts  iippor cud with a niunber of 
holes to let ont the water; i t  unscrews into two a t  e, aut1 a t  its lower 
end,f, there is a pair of butterfly-valves working inwirrd. A strong 
brass eyliilder, b, with a diameter e q n d  to  thitt of tho tnbe, is firiuly 
attached to  the tipper und; a heavy piece of iron, c, works in the brass 
cylinder like a piston to  the extent of the length of the slots, d, in tho 
sides of the cylinder, in which i t  is retained by 11 stroug sqnrire bolt. 
The pistou iron is flattened, aud i t  is provided a t  c with a projecting 
shoulder, which, when the piston i8 drawn out-the bolt being a t  the 
top of the slot as in the figure-is well above tho top of tho cylinder; 
but  when the piston is drawn down, and tho bolt a t  the bottom of 
tho slot, tbe shonlder is jnst  withiu the upper part of tho cyliuder. 
The wall of tlic upper part of tho cylinder is beveled awtiy to  a long 
rounded slope. 

when to  be used, the instrument is hung by the riug to tho 
sounding line, a suflicient number of weights are suspended on an 
iron mire sling, as in the Hydra nlachine, the tube passing through 
the middle of them, and tho sliiig hooking upon tho shoulder of tho 
piston iron. Wl~eu  the tube and weights touch the bottom, the brass cylinder is puslied upward the 
lengtli of the dots, elid the d ing  is slipped off tlie EhOUldCl' of tho piston irou by the upper rim of 
the cylinder and allowod to slide down over its beveled upper ond. This is a very simple pion, aut1 the 
doing away with tho stcel spring of tho Hydra is an advantage. Tho larger tuba also brings 11p a 
better aud fiiller sample of tho bottom. 

In tlie spring of 1573, a few months after tlie departure of the CWaZZenger, the 
U. S .  S. Tuacarorrx, Capt. George E. ljelknap, United States Navy, was fitted out for 
the purpose of sounding ;I subniarine cable route frbm Udiforuia to Japttn. She was 

ff 1' ' - - - 
CUT 28*-Bai11ie sounding 
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supplied with a large quantity of rope, steam reel, and other appurtenances, and, in 
addition, one of Sir William Thornson's machines for souiiding with wire, J t  mas 
furnished by order of Commodore Ammen, chief of the Bureau of Navigation, who 
rightly appreciated the great value of Sir William's invention, in spite of tlie crude 
ancl imperfect form of tlie original machine and the cold reception given it by the 
C'kalleiiger. ITe was familiar with Thornson's experiments, thoroughly understood 
tlie preeminent qualities of pianoforte wire for deep-sea soundiug, and wisely trusted 
to Belknap's euterprise and inventive genius to supply any deficiencies that experi- 
ence might develop in existing appliances. 

Brooke's apparatus was designed for use with rope, as were a11 devices known a t  
tlie time, aud tlie production of a simple form of sounding rod and detacher fi~lfilliug 
modern requiremeiits was one of the first and most important problems J~ellz~inp liad 
to solve. He retained tlie Brooke principle, modified the detacher very slight.ly to 
better adapt it for use with mire, increased the capacity of the cup or cylirider in 
order to bring up a larger bottom specimen, substituted a metal poppet-valve in place 
of the goose quills, provided for a free circulation of water through the cylinder 
during its descent, and protected the bottom speciiuen from wash during the ascent. 
It was introduced by the inventor as the Bellrnap deep-sea sounding cylinder No. 2, 
was successfully used tlirouglrout tho extended cruise of' tlie Tuscarom, arirl became the 
standard souuding cylinder for deep-sea work in the United States Navy and the Coast 
Survey. 

THE .BELKNAP DEEP-SEA SOUNDING CYLINDER NO. 2. 

The cyliucler, casting, valves, and valve seats are brass, the rod and detacher of 
wrought iron or steel (plate xv). The detacher is so proportioned that the'lip receives 
the wire bail and carries the weight of the sinlrer in exact prolongation of the axis of 
the cylinder, t1ierel)y maintaining it in a vertical position until tlie tension is removed 
by'the sinker resting on the bottom; tlie wire is tlien slackened, allowing tho detacher 
to fall by its OWJI gravity, slipping $lie wire bail and releasing tho weight, which lias 
carried the cylinder swiftly tlomii and pressed it into the bottom soil to receive its 
specimen. 

The cylindrical casting has a screw at its upper extremity by which tlie rod is 
attached. The upper cylinder head ancl valve seat are formed by an expansion of the 
casting near its center, and 8 small shoulder a few inches beneath i t  liolds the lower 
vdve  seat in place. Tlie spird spring and poppet-valve stein are contaiiied within a 
cylindrical chamber which serves RS guide for both. 

The upper nnd lower valves liavc free vertical movement; tliey are faced wit8h 
leatlier to insure tlieir being tight, and the valve seats are providecl with apertures 
for the free circulatiori of water during the descent, wlieri the valves are all Impt open 
by tlie upward riisli of water tlirougli the cylinder, and promptly dosed by reverse 
action when the upward moveinelit begins, tliereby preventiiig the wash of the bottom 
specimen in the barrel of the cylinder. 

The spiral spring is delicately adjusted to  retain the poppet valve on its seat 
without undue resistmice to exterrinl pressiire, and tlie adjustable screw stud prqjecting 
below the cylinder is intended to facilitate the opeaiug of tlie poppet vdve, and is of' 
service only on hard, sandy bottom. The bottom specimen is reniovod by unscrewing 
the cylinder from the casting a t  e. 



9 

THE SIGSBEE SOUNDING ROD. 

FIG. 1. Longitudiual sectional elevetiou of the Sigsbee sounding rod. 
FIG. 2. Side vieiv, with the siuker suspended from the detacher by the mire bail. 
FIG. 3. Plan view of the cylinder and a longitndinal sectional elevation of the detacher. 
FIG. 4. Back view of the detacher. 
FIG. 5. The perforated plate j ant\ cyliuarical ring d. 
F l G .  6. Enkbv&e&uiew 0% the ~ Q U Q W  cone i, cyYhdTiczAT\ng d,  apeTtuTea p, an& the npper end of the cyY~n&er a. 
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THE SIGSBEE SOUNDING-ROD. 

The next marked improvement was nisde by Lieut. Commander 0. D. Sigsbee, 
U. S. N., while in comniand of the TJnited States Coast Survey steainer Blake from 1874 
to 1879. Following in the footsteps of Be1kn:ip and conversant with his .work on the 
Tuscurora, he was in a particularly favorable position to take 1x11 the general snbject 
of improved appliances and metliods in deep-sea sounding. 

The RZa7ce had a Thoinson iiiacliine for sounding with wire, wliich Sigsbee used 
with great siiccess in his extended examination of the Gulf of Mexico. The first of 
his many improvements in deep-sea apparatus was a dctacher which he used in con- 
riectiou with Be1lrn;tp’s cylinder No. 3, followed by a design of his own, a modification 
of Belknap’s No. 2, mliiclr after inucli experience lie considered su])crior to the former for 
deep-sea work. Regardiug this, Sigsbee says (Deep-Sea Sonuding and Dredging) : 

The rcsiilts of my experiments showed tliat a simple cylindrical pipe, open :it both ends, could 
bo pliinged far into the sand, which, however, resisted the blunter forms to a degree th:it preclnded 
their adoption. Here w:is a suggestion-to shape tho specimen cup as iicarly as possible liko an open 
cy1indric:il pipe; t o  drive i t  into the bottom material, and to rotniti the iiiclosod specimon. Bel- 
knap’s sonnding cylinder No. 2 seemed t o  answer the tlemands bettor t8hilii nnything elso, the poppet- 
valve being, to  my inind, prefet%ble to the butterfly-valve which is sonietimes iised. Accordingly, 
cyliuder No. 2 was modified by rue in some retjpects, and fitted with the Sigsbce clotacher, after which i t  
was brought into service on board the BZaLe. The spring, the cone top, awl t,lie fittings for pcruiitting 
tlie escape of water are changed somcwhat from Captain 13elkiinp’s plan, but their operation is, in 
effect, about the same. It is not intended that  this rod sliiill get a specimen of bottom water. 

He enumerates the requirements for a perfect sounding-rod, as follows : 
1. Certainty of not detaching the sinker during tlio descent. 
2. Certainty of detrtchiug on strikiug auy cliamoter of bottom. 
3. Certainty of not rehoolcing or of fouling with the sinker, in any way, lifter tlie same lies ouce 

4 .  Adaptability to getting 8 specimon from the vnrious kinds of bottom iuaterinl. 
5. Certainty of not grappliug irretrievably with the bottom. 
G. Certniiity of retaining the specimen against tho wash of mater i i i  tlie ascent. 
7. I3nndiiioxs for extracting the Hpociinon aud for cleaning t h e  pilrts. 
8. Freedom from changing its form under tho mvere pressaro iii deep watcr. 
9. Strength, siniplioity, eheapncss, light weight, sild freedom from oormsion. 

In  general there are two ways of detaching :I sinker from its rod: (1) By actual 
or partial slacking of the sounding wire or rope. (2) Directly by the impact of the 
rod against the bottom. The former method is regarded as safer, but sometimes both 
are involved in one detaching apparatus. The detaclier which depends for tripping 
solely on the resistance of the bottom inaterial is usually more sensitive on hard than 
on soft bottom; also, Rhould t k  sinker glibnco on the side of a rock or ledge the trigger 
or other appliance might not be presented fairly to the blow necessary to upset the 
connection which liolds the sinker in place. 

The action of the original detscher by Brooke was based on the elimination of the 
tension on tho line. This is the principle applied iir the Sigsbee detocher, and, indeed, 
in almost all others approved by persons of experience in deep-sea souiidiiig. 

been trippecl. 

Itemarkirig upon the coustructioii of the sounding-rod, he says : 
1. The pawl aid tiimbler are macle to fit enoh other in  mich a martiier that, whon connected B u d  

illidor etrain, they are lielil uiicloviatiugly as shown in figs. 1 a i d  2-that is, the wire iR iii the pro- 
1oug:itioli of the axis of the rod. If this be not observetl tho relation of tlie 1ever:tgcs of’ t l lu  pa~t.1 
nird tumbler will be ilost,royed mid t h o  tlot:icller m:iy bo too xeiieitiro, besides which tile rod may 
iucline to  a degree that  will act somewhat :igainst a vertical tluscuut. 
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2. That par t  of the lip of tlie tiimblcr on which the b : d  of the shot rests shoiilcl 11ave the edges 
beveled or rounded, otherwisc the edges may be broken up and sprrad, thus prevcn ting tho tlinibler 
front being thrown back betwern the side piecell. Thin mnsliers put  on either sitle of the tnnibler mil 
pawl wonl(l probably be an improvement. 

3. All parts shoiild work frcely. 
4. The bottom of the specimen cup should have the proper bevel; if too sliarp i t  m:iy retain but 

a small specimen, and i f  too bltrrit tlie rod may not pelletrate firm material. 
5. Tho spiral Rpring h sliould not be so Rtrong as to prevent soft bottom 1nateri:il cutering tlie 

cup; its strcngtli aliould be siifficicnt, whcn the rod is lying flat, to form the vnlvo smartly to its 
seat whrii the valve is piislied inward ant1 relensetl, ant1 yet not strong enough to scat i t  by aboiit 1 
iiich, when the rod is licld bottom upwards. The springs for I l l0  Blake’s rods aro of No. 17 American, 
or No. 18 Stubb’s gaiige spring-brass mire; they aro 3 inches i u  length when not iinder compression, 
and have twelvo coils encli. 

6. If desired, tho rod might be niaile consitlcrably lighter for very drop work, tht. present size of 
the cletaclier being retained. On the scslc of plate XVI,  the  rod and detncher are stroug ant1 Iiandy, 
weighing 5f poiinds. The size of the spccimeii soiight slioulil 11ave miicli infliienco in ilctcrniining 
the size of tliu rod. If only an indication of tho bottom mctterial were wanted, 110 specimen for 
cnrefi1l examination being needod, a rod weighing only 2 or 3 ponnds would suffice. 

Any spring thns qado  coiild easily bo atlapted i o  the reqnircnients. 

DETAILS OB CGNSTRUUTION. 

The cylinder a, fig. 1, plate X v l ,  is a brass tube of commercial pattern, 29 inches 
outside dia8meter and 10 inclies in length, rigidly seciired to the perforated plate j by 
small brass screws, and the valve seat e is soldered to tlie other extremity of tlie 
cylinder wlricli has its ciittiug edge sliarply beveled as shown in fig. 1. The poppet- 
valve .f is of cast brass secured by a drift-pin to its liollow stem, a thin brass tnbe, 
wliich impinges 011 tlie spiral spring 7 ~ ,  botli’traversing tlie stem freely. The upper and 
lower guide stem is a brass casting enlarged near its center to form the perforated 
plate j. The liollow cone i is a brass casting liaving apertures, p ,  for the escape of 
mater; the cylindrical ring cZ is soldered to its base. 

The detacher is composed of tlie tumbler m, pawl I ,  swivel 75 and spring qt; all 
movable parts working on loose brass pins which ore held in place by ,small split keys 
of spring brass. The spring is of No. 14 Americ:/n gmge brass spring wire. The 
detaclier frame is riveted to the flattened end of the guide stem, in prolongation of it, 
and there is a screw joirit, at Ir, on the cylinder, by which tlic two parts are separated 
for convenience in securing its contents. 

TO USE THE SOTJNDING-ROD. 

To soiincl and bring up a specimen of the bottom, attach the stray line, which 
should always intervene between the wire and sounding rod, to the swivel ring IC, pass 
the roil through the hole in the sinlier, hoolr the wire bail r over tlie lip of tlie tnmbler 
m, loclr tho pawl and tumbler and suspend tlie .rot1 from the swivel ring k, when i t  will 
promptly assume a vertical position. The cone i remains unseated during its descent 
by contact with tlie shot (fig. l), and tlie valvef i s  raised by tlie upward pressure of 
the water, wliich tlien circulates freely tlirougli the cylinder, reducing its resistance 
and increasing it8 rate of desceut. 

When the sinker strikes the bottom the tension on the line is relieved and it 
becomes more or less slackened, tlic pow1 assumes a horizontal position by its own 
weight, releasing the tumbler, mliicli is thrown out of action by tlie spring n, assisted 
by excess of weight a t  the lip, and thus tlie sinker is released. 

The combined weigli t of shot, sounding-rod, small lead, ancl tliermometer, alto- 
gether about 70 pounds, descending at tlie rate of S to 10 feet per second, forces the 
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rod well into ordinary soils, lifts the valvef, and fills the cylinder to a greater or less 
extent with a bottom speoimen. The reverse motion, when the ascent begins, promptly 
closes the valves and protects the contents from wash, to which it would otherwise be 
subjected. The speciinen is readily removed by discoiinecting the cylinder at the 
screw joint b,  which also facilitates the cleansing of the cnp. 

Pai2u~e to detach tlie sinlcer.-Thc Sigsbee sounding-rod has been used exclusively 
on tlie Albntyoss since 1882, except during the cable survey between California and tlie 
Hawaiian Islands, when a few No. 2 Bellrnap cylinders were received and successfully 
used froin time to time, although.the Sigsbee rocl was preferred in deep water. 

Several thousand soundings have been made mitli the latter on board tlie 
Albatross without a single failure to detach the shot and bring up R bottom specimen 
through any fault of the inslmrnent itself. Btiilures from the following causes have 

1. Tho wire bail was too short and brought sufficient tcnsion on the lip of the tumbler to sustain 
the weight of tho pawl by friction of the latch surfaces, e rare occurren(’e, possible only through the 
determined effort of a mnscnlar man. 

2. It lias failed to  detach in deep water and very soft bottom, froin the rod having been cerelessly 
sent down with the spring n. out of action. 

3. Tho rocl jammed in the shot by A, pebble becoming detached from the scale ia the hole, wlticli 
had not beeu properly cleaned. The bail was freo. 

4. I’artiallg disintegrated volcanic rock was driven into tho space between rod andsinker EO firnily 
that  the diot  was brought back althongh the boil w a ~  free. 

5. The rod struck hard rock with fiu@cicnt forcc to  bruise and distort the bottom to such an extent 
that  i t  would not go throrcgh the hole in tho sinker although the bail wtis free. 

G. Once dnring D gale of wind, with lieary brenking 8011, the d(wxiiit of tho Rt80rn of the vessel 
from crest to  trough mas EO violent that  it slackened the wire and detaohcd the shot. It is reni;irkable 
that  this slionld have been the only instance of the kind, for tho Albatross sounded from the stern in 
all conditions of wind and we:Lthcr. 

7. An officer unaccustomed to  sounding with wiro a11owed tho reel to  “rim wild” until slack 
tnrus of wiro were seen, and, supposiiig bottom 11ad becn roached, hove in tho wire, bringing the sinker 
back from the few hundred fathoms that  lled riiu out. 

~ occurred, however, at rare intervals: 

Failures of tlie rod from any cmse were 80 rare as to provoke comment when 

The Belknap cylinder No. 2 failed to detach its shot on a few occasions: 
they (lid occur, and i t  vas seldom those inentioned above liappenetl more t*han once. 

1. In deep water and very soft bottom it sometimes failed t o  dctach promptly, but it was usually 

2. Tho rocl nnd detacher unscrewed from the cylinder on onc occasioii and the latter was lost. 
3. Tlie shot W:LS brought back with the bail over the detacher, which had f:illcn the wrong way 

wlle~i the mire s1;rclrened. It was caused doubtless by tho shot landing on rough bottom awl capsizing 
before it was detnched. 

The failures mentioned in connection with the Belknap cylinder No. 2 did not 
happen with the Sigsbee rod, but such as occurred with the latter are equally liable 
to happen with either. 

accomplished after repeated efforts, although on a few occasions tho shot wars brought back. 

IMPROVISED SOUNDING-RODS. 

It may be desirable at times to have a cheaper and lighter sounding-rod, in very 
deep water for instance, where small specimens are required, sufficieti t only to indicatu 
that bottom has been reached, or the supply of rods may be exhausted by unexpected 
losses while at sea engaged in important work whiclt woultl suEer from the delay 
incident to an imiuediate return to port. Hence any device, however crude, would be 
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of great value providing it insured uninterrupted continuance of operations, and it is 
liardly reasonable to suppose tliat a vessel conducting extensive deep-sea sounding 
woulcl be without the iiecessary inaterials witli which to construct some simple aud 
fairly effective form of rod. 

THE SIGSBEE GAS-PIPE SOUNDING-ROD. 

In tlie deep waters of tlie Gulf of Mexico, where large bottom specimens mere not 
required, Sigsbee used ;I sounding-rod or one-half-iuch to three-fourths-inch gas pipe, 
20 iriches in leiigtli, with a Sigsbee cletsclier screwed into one end, and in the other a 
metal ball valve to retail1 a sinell bottom specimen j au arming of tallow may be used, 

but the valve is preferable. Additiorial- length is given the 
cylinder to insure proinpt action of tlie detaclier wlieri tlie 
shot reaches- tlie bottom. A ball of lead or other metal 
inserted in tlie pipe witli one-eighth-inch clearaiice and tlie 
lower end of the latter upset suEciently to  form a valve seat 
mill answer tlie purpose; there should be a couple of small 
holes in tlic pipe near the upper elid for the escape of air and 
water. This rod being inexpensive, light, and offering little 
resistniice when reeliiig in, may be used to advaiitage under 
the exceptional circuinstances before mentioned. 

EMERGENCY SOUNDING-RODS. 

Sounding-rods of this description would be used only 
when the regular supply became exliausted, and, being hur- 
riedly improvised, perfect action or tliorougli reliability could 
not be expected. They may be made of iron or brass pipes, 
spare condenser tubes, iron rods, or flat bars, providing they 
have the necessary rigidity. The gas-pipe rod has been 
described, and if the facilities are at halid for making the 
Sigsbee detacher an effective sounding-rod is assured, other. 
wise there is left a choice between the two forms of Brooke 
apparatus, the double and single arm detachers. 

THE BROOKE DOUBLE-ARMED DETACHER. 

While this form is not as readily operated or as reliable 
C[’T 29.-’r11e k o o k o  t l o ~ l h -  as the single arm subsequently introduced by Brooke and 

gellorally adopted, i t  is the most readily improvised with tlic 
Facilities i1sua11,v found on shipboard, and deserves a short description. 

It is composed of two flat arms, alike in everyrespect, each having a hole tlirougli 
its lower end for a pin upon which they work, a hole through tlieir upper extremities 
to which the bridle is attached, and lips on their outer edges from which to suspend 
the sinker during its dement and release i t  when it strilres bottom. 

The single arm detaeher has already been described witli the Brooke deep-sea 
sounding apparatus. Belknap adopted it, mid next to tlie Sigsbee it is the nlost 
reliable. Its construction is coniparatively simple, providi1ig the points of suspensioii 
are maintained in prolongation of the axis of the rod, as shown in the description of 

:w1u detaeher. 



DEEP-SEA EXPLORATION. 299 

tlie Brooke apparatus, and i t  would probably be the form usually adopted. To insure 
proper action the relative proportions of the det:iclier would be determined by 
experiment, and if j t  be made to release tlie weiglit a t  a tension of 10 pounds and 
hold on to i t  under greater strain i t  can not be far wrong. The Sigsbee detacher trips 
at 8 pounds, but it mould not be advisable to give an improvised tumbler so small a 
margin of safety. 

IMPROVISED BROOKE SOUNDING-ROD. 

Sigsbee’s gas-pipe rod witli Brooke’s single detacher is the simplest and most 
eftiective, providing suitable pipe is at hand; if not, mi iron rod may be substituted, tlie 
upper end split, to d m i t  tlio detaclier, and :I sliort piece of pipe attaclied to tlie lower 
end for a speciinen cnp, substituting the ball valr-6 for the goose quills of Brooke’x 
rod. If pipe can not be had, a sniall chamber c m  be formed by drilling, in which mi 

indication of bottom may be obtained by coating the interior with wliito paint. 

THE BAR SOUNDING-ROD. 

Tu the absence of other material a serviceable ‘sounding-rod may be improvised 
by taking two pieces of flat bar-iron, from 1 inch to 19 inches wide and 2 feet long, 
and inserting between thein tliree filling pieces cut from the same bar, placed at  
irregular iiitervals as follows: One a t  the bottom, one 4 inches above it, and the other 
6 inches below the detacher; drill or punch corresponding lioles through bars gud 
filling pieces and rivet them togutlier; sinootli tlie outer siirfaces to insure free 
passage through tlie hole in the sinker and adjust the detaclier, the bars having been 
shaped for tlie purpose. Tlie interior space between tlie lower filling pieces, being 
coated witH thick white paint, will serve as a speciinen cup. 

LEADS AND OTHER WEIGHTS FOR SOUNDING. 

The time-honored lgad, EO familiar to all mariners as the medium of conimuni- 
cation between tlie surface and bottom by sounding, retains its place to a great extent 
ill shoal water, and even in moderate clepths, but has been superseded for deepma 
work by modern appliances. 

Hand leads, weighing 7 to 14 pounds, are used in shoal water and cast by one man. 
Oo-asting leads vary in weiglit from 25 to 50 pounds. They are used in depths 

beyond the reach of the lighter hand lead, aut1 usually when the vessel is uiider way; 
they are now frequently used in conibiriation with wire and pneumatic Bounderr, for 
riavigatioiial purposes, and depths of 50 to 100 fathoins itre readily rea’clied while the 
vessel is a t  full speed. The general introduction of wire for deep-sea sounding has 
increased its range and i t  is common practice to use it in depths not exceeding 1,000 
fathoins wliere large bottom specimens are not required. A 35-pound lead is used for 
this purpose 011 board the AZbatross. 

Deep-sea leads range froin 75 to 120 pouiitls in weight aud are used for sounding 
in moderate depths, with rope; they are no longer in use 011 board vessels provided 
wit11 wire for sounding. 

The azcxiliary lead, weighing about 4 pounds, i8 attached to tlie stray line wlienever 
mire is used in sounding to prevent its kinkiug when the weiglit of siiiker is suddeuly 
removed by its striking the bottoni. 
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The shape of lead8 is practically tlie same for all sizes; they :we octagonal in 
cross.section, largest a t  the base, tapering gradually to the upper end, wliicli is flat- 
tened and pierced with a liole through which tlie lead line is secured; and a 
roughened, irregular cup-sliaped cavity is formed in tlie base for the reception of 
arming, wbioli is usually of tallow, or  a mixture of tellom and white lead. 

Nechanical attachments, such as the Stellwagen and Sands cups, have been applied 
to coasting and deep-sea leads, and under hvora8ble concli tions bring up satisfactory 
bottom specimens, but their range being confined to tleptlis within 1,000 fathoms, 
where liability to injury from contact with rocky or coral bottom is greatest, they 
have not come into general use. 

DETACHABLE SINKERS. 

The 6O-pound spherical shot is the stiiniiard sinker in general use on board United 
States vessels for deep-sea work. It is abont 8 inclies in diameter, has R 29-inch hole 
through its center, and small eyes or lugs of No. 5 American gauge iron wire :Ire 
cast upon opposite sides of its upper exterior surface, to wliicli the ends of the bail are 
secured. Sinkers of greater weight have been recommended, and, while the necessity 
for increased weiglits has not been felt on board tlie Albatross, where the GO-pound shot 
has been in constant use, under all conditions of service, up to depths exceeding 4,000 
fathorns, it is possible ttliat in exceptionally deep water, where the wsight of wire 
largely exceeds that of the standard sinker, or when froin any cause the wire can not 
be mairitained in a vertical position, a 75 or even an SO pound weight may be used to 
advantage. It must be considered, hornever, that the wear slid tear and liability to 
accident increases with the size of the sinker. 

In  sounding with rope of large cross-section, which is peculiarly susceptible to 
the deflective force of currents, the preponderance of weight shonld be largely on the 
side of tho sinker, while the expert sounder with wire cares little 011 which side it is. 

Experience 011 the Albatross led to the adoption of a lighter detachable sinker, 
which has been used to advantage between 1,000 and 2,000 fp,tlioms, and occasionally 
in still greater depths; once, at le&, a sounding was taken with it in over 3,000 
fathoms. 

Tlbc 35pound sinker is of cast iron, ellipticaI in form, S inches in length, 52 inches 
in diameter, with R 29-inch hole through the center; the wire lugs described in 
connection witli the GO-pound shot are coinmoil to both. 

Tlie advau tages attending tlie use of the lighter sinker within prescribed limits 
are the facility of manipulation, the minimum of wear and tear on sounding machine 
a i d  wire, and economy of material. Tlie disadvantages are nominal when operating 
in smooth water, but in a heavy sea tlie loss of time becomes apparent and frequently 
of sufficient moment to warrant the use of the heavy weight. 

Sinkers are usually made of scrap iron, arid cost from 2 s  to 3 cents per pound. 

IMPROVISED DETACHABLE SINKERS. 

Sinkers of the ordinary type are comparatively inexpeii~ive and easily stowed on 
board ship, lience R sufficient supply is usually carried to meet all possible contiu- 
gencies; yet i t  has been found necessary to resort to makesliifts rather t l i m  suffer 
the loss of time and extra expense of an immediate return to port. Sigsbee sounded 
successfully in the Gulf of Mexico with a gas-pipe Rouuding rod aid old grate bars, 
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an old ash bucket filled with Are brick, etc., slid the list of available material may 
be largely extended. 

If old lead can be had, i t  would be very easy to cast disks weighing from 10 to 20 
pounds, which may pe used in series, as on the Baillie machine. 111 the absence of 
better facilities they may be cast in opeu molds of ordinary deck sand; a little 
iriolasses and flour should be added to give greater consistency, wood or metal beiiig 
used for a core. 

Cast-iron ballast is readily transformed into siiikers j shot, shell, aiid canister are 
equa,lly available; and small chaiu or wire riggiiig made up in suitable coils, chibiii 
shaclrles, and pins, liuks of clisin cable, pieces of condemnecl inacliinery, and eveii saud 
in tin cans or canvas bags may be utilized. Wire is preferable to hemp or manila for 
binding fragments together to form a well-balanced sinker, aiid i t  is best for bails also. 

LUGS AND OTHER DEVICES FOR SUSPENDING DETACHABLE SINKERS. 

The lugs on detacliuble sinzkcrs reached their present form through x process of 
evolution. Brooke suspencied the shot by slings aiid washer, as showii with his 
apparatus, and Belknap used tlio same until repeated fouling of w:ishcr aiid cylinder 
induced him to sitbstitute wire slings, which cousisted of two rings surrouridiiig the 
upper aid lower quarters of the &of; held in place by cross-seiziiigs aiicl two wire 
lanyards, one end secured to the lower riiig 011 the sinker? and oil tho otlier elid sinall 
irou rings to receive tho lip of the tumbler and insure proiiipt clearmoo mhoil it 
tripped. This arrangement prevented fouling, but mas found to bo rather ciimbersoiiie 
and required too inuch time to prepare the sinker for use. 

- Cast-iron lugs on the upper exterior surface of the shot were soon adopted, ancl 
proved to bo a loug stride in tlie direction of simplicity, certaiuty of action, and 
iinmuiiity from fouhug. A single wire bail mas used, the ends beiiig secured to tlie 
lugs wit,h large eyes, which permitted i t  to iiiove freely aiid eveii fall away from 
tlie disengaged tuiubler by its omii weight. The sole clisadvaatage ntteiidiiig the 
iiitroductiori of cast-iron lugs was the freclueut breakages caused by the brittlciiess of 
the material. 

Bail holes weru introduced by Sigsbee, mho fouud cast-iron lugs too uirre1i:ible. 
They merecast in the same relative positious on tho surface of tlie sinker, wliicli iusurocl 
aonveuieut and secure attachments for the bail but did not allow tho same freedom of 
inovemcut. 

Iron wire Zugs, cast with the shot, were subsequeutly iutroduced aud are still in 
general use. They are i i i  the form of wire staples, cast into the surface of the sinker 
parallel with the axis of the central hole, and project above the surfaoe only far 
enough to afford couveuieiit iettachmeiit aud free movement of the bail. They are 
seldom broken by rough haudling, as the wire becomes thoroughly annealed in the 
process of casting and subsequent cooling, and they can be bent flatly to the surface 
of the shot without injury. 

The wire bails now used with detachable siukers are of annealed iron wire, No. S, 
Arnericaii wire gauge, aud may be couvenieiitly fitted by first cutting them from the 
coiIi11 iiiiiforin leiigths and bending thorn over a form to insure a free and uniform seat 
for tlie lip of tho tumbler. 

Sinkers should not bo bailed until they are required for use, :bud when the 
requisite number have been placed in t h e  racks, proceed first to examine the lugs arid 
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see them properly straightened, theii pass the sounding rod back and forth through 
the hole, and when satisfied that it moves freely let it remain in the sinker wit11 its 
weight resting on the base of the hollow CORC; pass the ends of t h e  bail through the 
lugs, put the bight over the tumbler, which for convenience has been placed ill action 
and secured by a seizing of twine, then bend the ends up and take a counle of turns 
around their standing parts, leaving suBLicient slack to unhook the bail without 
displacing the tumbler. This will insure the proper length of bail, which sliould 
suspend the shot just high enough to lift the hollow cone off its seat without bringing 
its apex in contact with the shoulder a t  t h e  upper end of its stem. It is not absolutely 
necessary to hold the hollow cone off' its seat during the descent, but by doing so the 
sinking of the shot is accelerated in proportion to the power required to lift it by the 
ascending column of water in the sounding rod. 

Caution should be observed when fitting the bails that no projeuting scraps of iron 
are left in or at  either end of the hole and that a11 scale is removed from its walls, for 
it expands and becomes softened when i t  is wet; at the same time the material of the 

sinker shrinks under low temperatures near tho bottom, both tending to crack and 
disengage the scale, which is liable to jam the sounding rod irretrievably. 

RacJcs for sinkers are riecessary on board of vessels engaged in exteiisive deep-sea 
exploration, not only for conveuienco in bailing and final preparation, but to have a 
sufficient number a t  hand for present use, and also to avoid the necessity of bringiug 
them on deck and fitting them a t  night. They should be placed near the sounding 
machiue and be capable of holding a dozen sinkers at least. 

A serviceable rack can be made from two boards 1 inch thick and 12 inches wide, 
placed one above the other, 4 inches apart, and secured by suitable end and transverse 
pieces. The upper board lias a series of circular holes that receive the sinkers arid 
allow them to  rest on the lower board, which is pierced with 3-inch holes, directly 
under the larger oms, to allow for the passage of the sounding rods, and, in order that 
they may be passed their whole length through the sinker, the rack should be 10 inches 
in height. 
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THE USE O F  WIRE FOR SOUNDING. 

The first recorded instance of wire having been used for deep-sea sounding was by 
the Wilkes Exploring Expedition, 183s-42. In  184'3, Uaptain Bariiett, H. 13. 31. 8. 
Tlwndcrcr, experimented with it, and during the same year Lieut. J. C. Walsh, IJTnitcd 
States sehooiier Tuncy, attempted to sound with i t  in the vicinity of the Bermudas. 
It failed in every instance from practically the same causes, although Wilkes was 
uufortunate in the selection of copper wire which mas  of soch low tensile strength 
that little margin of safety remained. Bariiett used iron wire of large size and 
sufflcien t st,reugth, wliile Walsh was supplied with three sizes of steel wire, either of' 
which mould have proved successful under proper treatment,. 

The principal causes of failare mere due to insufficient weight of sinkers and lack 
of proper coutrol over the reel when paying out, as evidenced by such time iutervals 
as were recorded, which sliow a more rapid rate of descent thau obtaiiis in the best 
modern practice with perfected applimces and a proper relation of weight betweeti 
the sinker aiid subiiierged wire. These repeated failures brought wire iuto such dis- 
repute that no further attempts were made to  sound with it until Sir William Thonlson 
conimeuced liis experiiiients iu June, 15'72, which resulted in totally revolutioniziiig the 
art of deep-sea sonuding. Conimaiider (now Rear-Admiral) George E. Belknap, U. S. 8. 
Tuscarora, used pianoforte wire successfully in 1873-74. Corninandor (now Commodore) 
J. C. Howell, United States Coast aud Geodetic Survey Steamer Blalcc, adopted it later 
in the same year, and Lieut. Commaiider (now Comxnander) C. I). Sigsbee, succeeding 
to the command, used it with great success from 1874 to 1S78, by which time it had 
passed the experimeiitiil stage aiid beeu geiierally adopted for deep-sea work. 

Wire was first used by the Biiited States Fish Coiiimission on boartl tlie Psis7~ 
Huwk, Lieut. 8. L. Tanner, U. S. N., on the Gth of August, 18SO; then on board tlie 
AIbatross, Lieut. Commaiider 2;. L. Tanner, which made lier first sounding with wire 
on March 22, 1883, and it has since beeu in constaut arid successful use on board 
vessels of the Fish Cornmission. 

Sir William Thoiiison used pianoforte wire of No. 22 Birmingham wire gauge in 
his experiments and that size, or sizes closely approximating to it, have been uuivcr- 
sally adopted for deep-sea sounding. 

The wire i n  general use for that purpose on board the AZbatross is made by the 
Washburii & Moon Mauufacturing Company, of Worcester, Mass., arid called by them 
No. 11 music. It io 0.028 of a11 inch in diameter, weiglis 13 pouiids per nautical mile 
of 1,000 fathoins in air, 11.3 pounds in sea water, aiid approximates to No. 21 Raierioim 
gauge eud No. 22 Birmingham mire gauge. Its tcrisile streiigtli is remarkably uniform, 
the mean of many tests giving 207 pounds as tlie breaking strain ; it is highly polished 
and resists rust unusually well when in use. It is furiiished by the manufacturers 
i l l  sealed tin cans, containing BO pounds, or about 3,860 fathoms, i i i  six coils S& iuches 
iu dianieter, each coil being composed of two pieces of wire. It will be furnished in 
auy desired length, however, on special order. 

The coils are doubled for packing, one being laid 011 top of the other end carefully 
wrapped with the best oiled paper, a liberal sprinkling of whiting, slacked lime, or 
other absorbent being inclosed with the wire as a preservative against osidation. 
The packages are placed one above the other in the cau, a quantity of whiting, 
between them, and sealed air-tight; the wire is practictilly indestructible SO long as 
it reinains in the sealed can, and, if stored in a dry place, will keep quite well in its 
paper wrappings after the caii has been opened. 



3 04 IKJLLETIN O F  THE UNITED STATES FISH COMNISSION 

The Albatross lias iiever lost a fathom of American n ire froin rust in the coil. 
Eiiglish wire, No. 32 Birmingham gauge, has been used occasionally. Its tensile 
strength was 214 pounds, practically the same as No. 11 music, but i t  \vas not as highly 
polished as tlie Anierican mire, and its only protection was an insufficient wrapping of 
oiled paper, which was liable to be toru in handling, thus exposing i t  to tlie action of 
sea air or other rnoisture, which soon caused i t  to rust. Losses from this cause were 
quite serious aud tentletl to couuteract the advantages derived froin its cheapness a t  
first cost. It was received from the makers, Xessrs. Webster & Horsfall, 13irniinghaq 
Eiigland, in 38-inch coils, made up of pieces from 100 to 400 fathoms iu length, the coils 
weighing about GO pounds each. 

An excellent quality of Ainerican wire, No. 21 gauge, was ftiriiishecl to the United 
States Navy in 18!)2 by the John S .  1ioebli11g7s Soils Go., of Treiitou, New Jersey. 
Its tensile strength ranged froni 245 to 255 pou~ids, and i t  was fairly well polished. 
It was slightly larger iu cross-sectioii than No. 11 music, which accounts iu part for 
its greater strength. 

PRESERVATION O F  SOUNDING W I R E .  

It should be received on board iu sealed tiii ct~us, w h h  may be advantageously 
coated with paint before they are placed in the storeroom. Broken packages are liable 

CUT 3l.-Spmo sounding 'wire, reel box, and ooppor tank. 

to rust, hence as few as possible should bo kept on hand. They nray be stored for a 
short time with comparative safety, providing the wrapping is intact and tlie store-room 
perfectly dry. A safer plan is to submerge all broken packages in sperm oil. 

The followiug method was finally adopted on board the Albatross : There were 
available two service reels, one temperature reel, and one storage reel, each holding 
nearly 6,000 fa thom of wire. Both service reels mere kept ready for use, with 
about 8,000 fathoms of wire and stray lilies at,tached. When unmounted they were 
submerged in sperm oil in suitable galvanized-iron tanks with tight covers. When 
mounted, but not actually employed in  sounding, the lower part of the roe1 was 
submerged in sperm oil contained in a semicircular copper tank (cut 31) placed 
temporarily beneath it, and the oil \vas distributed over the surface of tho wire by 
slowly revolving the reel a few turns once a day. 

When uctually sugaged in sounding, the surface of the wire on the reel was 
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coiistaiitly oiled with rag or spouge while reeling in, aud i t  was wil)ed with au oily rag 
when the intervals betweeii casts exceeded twelve hours. 

The temnperature reel, with its special wire of ltwge size, arid the storage reel, filled 
with its souudiug wire iii readiiiess to be transferred t o  the service drums, were 
auspended upon their beariiigs hi wooden reel boxes (cut 31 ) coutaiuiug seniicircular 
copper tauks, like that above described, with suficieut oil to submerge the lower por- 
tioii of the reels, distributioii of oil over the surface of the mire beiug effected by a 
few turns of the reels daily as before. The boxes hove semicircular covers Sor tlie 
further protection of reels and wire. 

Lime water has been successfully used as a preservabive, but it is inferior to sperm 
oil for the purpose, aut1 has tlie further disadvantage of irritating the eyes aud nggra- 
vatiiig ariy sores tlie soauding crew may have oii their hands or faces, although this 
objection is hardly worthy of serious consideratiou except when soundiiig coiitinuously. 

Large, strong wire, No. 21 music, approximating to No. lS& Birmingham gauge or 
No. 17 American gauge, is used on the Tanner iiiacliiue, and little or no atteiition is 
given to its protection, except that new wire is iiiibedded in melted tallow when it 
is wound ou tlie reel, and once or twice D year it is reeled off, cleaaed mitli emery 
paper, replaced upoli the reel, and again imbedded in melted tallow. The life of the 
wire uuder this treatmelit is about two years. 

METHODS OF SPLICING WIRE. 

Sir William Tliomson describes his inethod in 1872 as follows : 
A splice 2 fbet long I havo found qiiitu siifioient, but 3 feotmay be safer. Tho two ])iocos of wire 

are first prepared by warmiug tlieru slightly : L I ~  meltlug ou n costing of maririo glue to  proiiiote surfnco 
friction. About 3 feet of the ends so prepared iirc laid together and held botweeu the fiugor and 
thumb at tho middle of tho portioiis thus overlappiug. Tllou tho fro0 foot and a hiblf'of wire ou o m  
sicle is bent close around the other in ZI long spiral, with :I lay of i~bont  on? turu per iuch, and tliu snmo 
is clone for tho fruu foot aud a half on the other side. Tho untls are then served ronutl firmly with 
twine, and tho splice is complete. 

. This sillice is no longer used, nnd is giveii here simply as o matter of iiitorest in 
counectiou with Sir William's successful experiinonts iu sounding with wire. 

BELIENAP'S s i m c E .  

Coinmarider George E. Belkuap, U. S. N., adoptetl the followviug splice iu 1873: 
A long-jawed twist, 2 fcot iu length, soldered a t  tho uuds :mil nt two or three iutermediateplscos, 

aud served with fiiio waxed twiuu. 
HOWELL'S SPLIUE. 

Coiiiniander J. 0. Howell, IT. S. N., used tho following splice iu 1874: 
A short-ja-wed twist, total length of splioo 3 inches. Aftur tho first cross tho turns tire close 

together arourid standing part, the  wholo covered with tioldor, surfiicu smoothed, and ends tapered. 

the Uulf of Mexico from 1874 to 1878. 
This splice was successfully used by Sigsbee duriug his extended exploration Of 

TIIE ALBATltOSS SPLICE. 

This splico \vas reliable wheu new, but was liablo to strip after extoiided \ve:w. 
It was named from its having been the o w  adopted 011 board the Albntross in lSS3, 
and is DS follows: 

The ends of the wire, beiug first cleaned for 3 feet or more, are lapped and twisted togother with 
The eiids aud two intermediato poiuts are wound with a few turus of fine eight long-jawed turns. 

annealed iron wire, the whole covered with solder, ends taporud, aud surftwo oarofully smoothod. 
F. C. 3. 1600-20 



1 tinman's furnacc. 
2 soldering irons. 
1 pair cuttin pliers. 
1 pair small kt pliers. 
1 small hand vise for holding wire. 
1 spooI of fine annealed iron wire. 
1 box of soft solder. 

1 bottle solilerin fliiid. 
I soldering boarf. 
1 small  bottle of oil. 
1 small box of tallow. 
1 canvas pocket. 
1 soldering lamp. 
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Fig. 2. 

Fig .  3 .  

Fiy .5. 
MAY'S SPLICE. 

FIG. 1. Tapered ends of the nire, full size. 
FIG. 2. Ends laid together and seizings on. 
FIG. 3. Splice parti;illy corered with solder. 
FIG. 4. The completed splice. 
FIG. 5. Splice of sounding wire to stray line. 
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h'oldering &id, for use with soft solder, after fiaswel17s receipt, has been success- 
fully used on board the AZbatross, and is coiisidered the best preparation for wire 
soldering. It is as follows: 

half a teaspoonfull of sal aiiimoniac a id  two fluid ounces of water. 

Pulverized resin. may be used in the absence of soldering fluid, but greater care 
will be required iu making the splice, axid tho results are liable to  be unsatisfactory, 
particularly when splicing old wire. 

To two fluid oiinces of muriatic acid, add small pieccs of zinc until bubbles cease to  rim. Add 

METHOD O F  SPLICING WIIEE TO STRAY LINX;. 

Iii sounding with wire i t  is cuRtornary to splice about 5 fathoms of slack-laid cod- 
line to its working end to take up the slack that occurs when the sinker strikes 
bottom, and : ~ s  a convenience for attaching the soriiiding rod, deep-sea thermometers, 
and auxiliary lead. This cord is known as the stray line and is attached to the wire 
in the following manner: 

A t  a point about 6 inches from one eiid of the stra8y line stick the wire twice 
agaiust the layl fig. 5,  then pass it with the lay f'roiii 4 to G inches, and again stick it 
twice against the lay. Cut the wire to  the proper length, olap a seizing of waxed 
twine over the places where it was stuck against the lay, carefully covering tho end 
of' the wire to prevent its catching when reeling ill. It now remains to complete 
the end of the splice: Put wire am1 stray line under moderate tension, lay the wire 
in  the center of the line by passing the free oiid of the latter around it, put on a 
temporary seizing, trim the strands down to a poiiit and serve over the taper with 
waxed twine. This makes a neat and secure splice which outlasts the stray line and 
reels in without danger of catching on guards or fairleader. 

Tanner's link was devised by the writer as a simple method 
of quickly attaching wire and stray line in case either should 
break while sounding, thereby saving the time required to make 
the rugular splice. It consists of rt small brass link, through the 
socket of which the stray line is drawn and is held in place by a 
single wall knot, leaving the opposite end free for attaching the 
wire. A stray litto fitted in this manner is adjusted in a moment 
by taking three t u r n s  of the wire around the link, and passing 
the end closely'arouiicl its standing part half a dozen times. 
Attention will be required in reeling in to guard against the link 
fouling when it reaches the machine, but with ordinary care it 
niay be used until such time as a regular splice can be made 
without loss of time. 

6 
: I  

THE MEASURING REEL. 

The service reel being 23.89 inches in diameter, the initial 
layer of wire, 0.028 inch iu diameter, equals one fathom to the 
turn, the next layer a trifle more, and so on, until with a full reel 
the error would be about 10 inches to the turri; and as the 
register indicates the turns only, a correction must be applied 
to  its reading. In order to determine the amouut of error, the wire is measured as it 
is wound on the service reel by means of the measuring reel (cut 34), which is made 

CUT 33.--T]lo Tanner 
link. 
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of cast iron, is 22.80 inches in diameter: and mounted in a cast-steel frame bolted to a, 
heavy oak bed plate. On the reel shaft between the reel aud frame is a moriii whecl 
which actuates the register. 

THE BLADE. 

The blade is used in connection with the ineosnring reel for transferriug wirc from 

the commercial coil to 'the service reel of the sounding machine. Gut 35 is a sectional 
elevation, and Cut 36 a geueral view of the blade used with American wire. It is 

CUT 35. 

made of oak, lias an iron screw and 
in place, a galvanized-iron disk that 

CUT 36. 

washer a t  the top of the spindle to hold 
slips over the reel above the coil of mire to 

the reel 
preveut 
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slack turns from flying oft, and a galvanized-iron base rim around the reel to retain 
slack turns that slip down froin the coil. 

Cut 37 is a general view of the blade used with English wire, which is put up in 
larger coils lliau the American. It is constructed entirely of’ oak or other hard 
wood, and is adjustable’ by means of a series of holes through the disk into wliich 
pegs are set,. The transfer of wire will be greatly facilitated by securing the blade 
to the deqk diiring the operation by t h e  inearis of screws, socket bolts, or otlicr 
con veuieii t method. 

TRANSPE,RRING AND MEASTJRING WIRE. 

The service reel is mounted 011 its inachine, its face cleaned and oiled, hand cranks 
arid register are shipped, sild the latter carefully oiled and examiued to see Bast  it 
works properly. 

The measuring reel is placed directly iii tlie mar of the sounding machine, and 
the blade in the rear of the reel and in line with both. Tlie sealed tin can in which 
the wire is received is opened, a coil taken out, removed from the lmper, and placed 
011 the blade; the wire stops are cut, t81ie free end of the wire led out, and three turns 
tnlren around tlie measuriiig reel iu such a inanner that tlie register will courit ahead 
during the transfer. Tho end is then talreu to the service reel, aud clinched through 

Aqjustalilo blndo. Moasuring mol. Working mol. 

Cui. S’I.-Mcasuring :ind transferring wire. 

the hole provided for this purpose. The two meu a t  the blade reel back the slack 
wire, the recorder sets both registers a t  zero, and takes his station for reading the one 
on the measuring reel, tlie officer in charge watching that on the service reel. The 
cranks are manned and the transfer begins, the reel being turned a t  any desired speed. 
One of the men at  the blade puts a tension ou the wire by pressing his haiid against 
the side of the blade. 

The recorder calls out (‘mark!” a t  every 50 fathoms registered by the measuring 
reel, the officer in charge reads the register on the service reel a t  t,he same instant, 
and this being recorded the difference between the two readiugs shows the error at 
that point. This process being carried on uut8il the reel is filled, furnishes data from 
which a correction table is made, by which soundings can be corrected readily by 
in spection. 

dimensions, provided the wire is the same size and the amouut does not exceed that 
for which the table was constructed. 

The i1ecess;iry data having been obtained as above described, it is advisable to 
construct it correctiou curve, frame i t  under glass, and hang i t  in some convenient 

A correction table is always available for tlie same reel or any otlier of like . 



200 
GO 
300 
50 
400 
50 
500 
50 

GOO 
50 
700 
50 
800 
50 
900 
50 

1,000 

Splices occur a t  the following intervals, in fathoms: 100 295 630 880 1210 

Example: A sounding is made, the register .reading 3,050 turns. What is the 
1625 1970 2170 2476 2970 3275 3560 3670 3770 4230. 

depth in fathoms T 
Number of turns on tho reel.. . . . . . . . . -. . . . . -. . -. -. . . -. . . . . -. . . . . .-. 4,400 cor. + 177 
Number of turns regi~jtered . ~. . *. - -. 
Turns remaining on reel. _... __._ ._. _ _ _ _  _ _ _ _  _ _ _ _ _ .  .__. .___ _.__ __.. .__. 1,350 COP. - 14 
Correction for 3,050 tnr~is . ~ . -. . . . -. . __. __. . _ _ _  . -. . . _ _  . - - - ._ _ _ _  4- 163 
Number of turns registeretl. .__ .__ -.. .. ._. .. ___. .. _ _  _. ._._ .. ___. _... .._. .._. 3,050 
Depth iu fathoms __.. __._ _. ._ ___. _____. .. .__ _ _ _  .. .____. .. ___. ... . ._ ___.  . 3,213 

. - -. - - - - -. . ~ ~ - - - . ~ *. . -. - - - 3,050 

_ _ _  

200 0 1,300 1.313 13 2,400 2,451 51 3,500 3,011 111 
50 0 50 1,304 14 50 2,503 53 50 3,004 114 
301 1 1,400 1,415 15 2,500 2,555 55 3,600 3,717 117 
351 I 50 1,400 10 50 2,007 57 50 3,770 120 
401 1 1,500 1,517 17 2,000 2,059 50 3,700 3,823 123 
451 1 50 1,508 18 50 2,711 01 50 3,870 120 
502 2 1,000 1,019 19 2,700 2,703 03 3,800 3,920 129 
552 2 50 1,071 21 50 2,810 00 50 3,083 333 
002 2 1,700 1,723 23 2,800 2,809 00 3,000 4,037 137 
052 2 , 50 1,775 25 50 2,022 72 50 4,001 141 
703 3 1,800 1,827 27 2,000 2,075 75 4,000 4,145 145 
753 3 50 1,870 20 50 3,028 78 50 4,109 140 
804 4 1,000 1,031 31 3,OOG 3,081 81 4,100 4,253 153 
854 4 50 1,083 33 50 3,134 84 50 4,307 157 
905 5 2,000 2,035 35 3,100 3,187 87 4,200 4,301 161 
050 0 50 ' 2,087 37 50 3,240 00 50 4,415 105 

1,007 7 2,100 2,130 30 3,200 3,293 03 4,300 4,409 

1,100 1,109 
8 50 2,101 41 50 3,340 00 50 4,523 i$ I 
9 2,200 2,243 43 3,300 3,309 BO 4,400 4,577 
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[Correct,ion table. Tanner reel. Wire No. 21. Music No. 17, A. W. G.] 

2 
2 
5 
3 
4 
4 
6 
a 

_. . __ 

rurns ox 
Tanner 

rool. 

25 
50 
75 

500 
25 
50 

25 
50 
76 

100 
25 
50 
75 

200 

0 
1 
1 

1 
1 
2 

Fathoms 
by 

memur- 
ing reel. 

75 
300 

25 
SO 

. 75 
400 

25 
50 
76 
101 

161 
170 
202 

iza 

_- 
?&thorns 

[nenmr- 
by 

,np rool. 

227 
252 
278 
303 
320 
354 
380 
400 

Fathoms 
bY 

meanur- 
ing reel. 

432 
458 
484 
610 

6G2 
530 

Corroc. 
tion, in 
Fathoms. 

311 

The wire is in one piece, without splices, having been made to order by Washburn. & 

Examnple: A sounding is made, the register reading 425 turns. What is the depth 
Moen. 

in fathoms 9 
Number of turns on the reel.. - - - -. -. - - -. _ _  . . - - . - - - -. _.. __-. -. . . . - - - -. . -. - - 550 cor. + 12 
Number of turns registered . ~. . . . . . . . . ~. -. . . . - -. ._ - __. . ~ - _ _ _  . - __.  . . . . _. 425 . 

SIR WILLIAM THOMSON’S MACHINE FOR SOUNDING WITH WIRE.  

Plate xvm showing the Thornson machine as i t  was used on board the Blake 
for one season arid the description of its operation, the latter in the words of the 
inventor, are taken from Sigsbee’s Deepsee Sounding and Dredging (page 54). It is 
shown here not only as the first successful apparatus for sounding with wire, but as a 
type of the simplest and most easily constructed sounding machine. Sir William 
describes the machine and its action as foYows : 

The wire is coiled on a large wheel (of very thin shoot-iron galvanized) which is macle as light 86 

possible, so that  when the weight reaches the bottom the inertia of the wheel may not shoot the wire 
out BO far a8 to let it  coil on the bottom. Tho avoidanee of snch coiling of the wire cu tho bottom is 
the chief condition requisite to  provide against the possibility of kiiilrs, and for this reason a short 
piece of hemp h e ,  about five fathoms in length, is interposed between the wire iind the soundiug 
weight, so that, although a little of the hemp line may coil on the bottom, the wire may be quite 
prevented from reaching the bottom. 

A galvanized-iron ring of about half a pound weight is attached to the lowcr end of the 
wire, so as to form tho coupling on the ,junction between tho wire aiid the hemp line, and to  koep the 
wire tight when the lead is on the bottom oud the hemp line is elackencd. The art of deep-sea sounding 
is to  p u t  such a resistance on the wheel a8 shall secure that  themoment the weight roaches the bottom 
the wheol will stop. Lightness of the wheel is 
necessary for this. 

A measured resi~tance is applied systematically to the wheel, always more than unough to  bahbnce 
the weight of wire out. The only failure in deep-sea soundings with pianoforte wire hitherto made 
has boon owing to  neglect of this essential condition. Tho rule adopted in praetice is to apply 
resistmoe, always exceeding by 10 ponnds the  weight of the wire out. Then the sinker being 34 
pounds, we have 24 pounds weight loft for a moving foroe. That, I have €ound, is amply suftlcicnt to  

By the “moment” I mean within one second of time. 
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give a very rapid descent-a descent so rapid that  in the coursc of half an hour or fifty minutes the 
bottom will be reaclied a t  a depth of 2,000 or 3,000 fathoms. The person in  charge watches a counter, 
and for every 250 fathoms (that is, every 250 turns of the wheel) he adds sucli weight to the bresk-cord 
as shall add 3 poiiiids to  the force with which the soiinding wheel resists the egress of the wire. 
‘1’h:it makes 12 pounds added to the break resistance for every 1,000 fathoms of wire rnn out. The 
weight of every 1,000 fathoms of the wire in the air is 144 poiindR. In water, therefore, the weight is 
about 12 pounds; RO that  i f  thc weight is o(1ded at tho rate I have indicated the rille stated will be 
fnlfilled. So it is arranged that  when the 34-pound weight reaches the bottom, instead of there boing 
a piill or a moving force of 24 poiinda on tho wire tending to  draw i t  through the water, there will 
snddcnly come to be a resistance of 10 pounds against ittl motion. A slight running on of the wheel- 
one turn a t  the most-and the motion i8 stopped. 

The sounding was made without a hitch of any kind, but the reel showed signs of 
weakness soon after lie began reeling in the wire and the 34-pound weight of sinker, 
which is referred to by Sir William as follows: 

After about 1,000 fathoms of wire had beon got in tho whecl began to shorn s i p s  of distress. I 
then perceived for the first time (and I felt much as1l:irrictl that  I had not perceived i t  sooncr) that  
uvery turn of wire nnder a pull of 50 poiinds must pr(ws the wheel on the two sides of any c1i:imeter 
with opposing forces of 100 poiinds, and that, therefor($, 2,240 turns, with an overage pull on the wire 
of 50 pounds, must prow tho wheel together with a form of 100 tons or else something must give way. 
In fact, the  wheel did givc way, %nd its yielcliug went on to siicli an extent; tha t  when 500 fathoms of 
wire were still out the endless cord which had bcen used for hanliug would no longer work 011 its 
groove. 

Sir William realized the necessity for iiril)rovement atid encouraged iuvuutors to 
take i t  in hand. Captaiii Bellrnap, U. S N., was tl,e first to use it, practically, and 
he soou remedied its greatest fault by devising n reel capable of withstanding the 
enormous crushing strains incident to actual service. He was very careful at first 
about increasing the weight of reel, lest its greater inertia should destroy its useful- 
ness, but he soon found that a few pounds more or less was a matter of indifference 
to the practiced marine surveyor. Improvements have been introduced from time to 
time i u  this aud other countries, but the principle of the Thomscu machine is iiivari- 
ably retained. 

T H E  SIGSBEE MACHINE FOR SOUNDING W I T H  W I R E ,  A N D  ITS ACCESSORIES, 
A S  U S E D  O N  BOARD T H E  ALBATROSS.  

This admirable inacliine was constructed by Mr. D. Ballauf, Washington, D. U., 
under the personal supervision of the iiiventor, Commander C. I). Sigsbee, U. S. N., 
aiid is still in good condition after constant service of fourteen years. A few improve- 
nients have been added from time to time, yet it remaius essentially the same as when 
received from the hands of the maker. 

The aim of the inventor was to design a machine that should be light, strong, 
simple in structure, easily manipulated, arid nccessible in all its pnrts, yet compact 
arid susceptible of snug stowage when not in use; hence steel was used whenever 
practicablc, and brass was utilized for the minor parts where immunity from oxidatiori 
was of more iinportaiice than great strength. 

It is secured to an iron bedplate by tho clnmpsf and compressor g (plate XIX), 
and projects over the stern e sufficiently to allow the wire a clear passage from the 
machine to the water when rigged out for service, and is entirely witliin the line of the 
stern wlien rigged in. The wooden frame d surrounds the Sigsbee machiite and 
supports the working platform and the ‘J’anner mnchine. The platform cousists of 
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PLATE XIX. 

Nomenclature. 
a. Bed plate cast steel. 
b. Bed plate’ oak. 
c. Bed plate,’ iron. 
d. Wooden frsme surrounding the Sigsbee 

machine and supportiug tbc Tanner ma- 
chine and grntings. 

e. Stem o f  veasel. 
f. Clamp, iron. 
$1. Compressor, brass. 
h. Hin ed frame cast steel. !. G d e  frameior  accumulator tubes. steel. 

Reel frames, cast steel. L Cap, cop er. 
1. Acciimngtor nlley, braas. 

m. PairleaPer anBs~ivelpulle~., streland brass. 
n. Brace Iron. 
0. Guys,’flexible steel-wire rope. 
p.  Rae1 CastflteCl. 
q. \Vir; clamp ligniiin v i t a  
r. Wire @nard: brass faced with leather. 
8. Brake, steel fncecl with wood. 
t. Register, brass. 
u. Reelingengine, cast-iron frameandcylinder. 
V .  Drivina vullev. cast iron. 
w. Steam coinieciiini, iron pipe. 
x. Belt, ratline stnff. 
y. Ti  htening pnllag, brass. 
Z. Befi-tightener, brasa and steel. 

Nome?rclafure. 
a .  b. Frame, Spindle. brass. iron. 

c. Arm.iron. 
d .  Heel; bra-88. 
e. Guide pulley. brass. 
f. Fairlairloader. stoel. 8: Crnnks, iron. 

Register brass. 
i. Pin. iron’. 
j .  Reel-tacklo block. 
k. Accumulator s p r i n g  ; 

pliouplior broneo. 
1. Stray ton. line, cod line, cot. 

IIL. Friction fltuff ser\.e(i. rope ratline 

n. Acounhntor line cotton. rope, cod 

0. Eye i‘or stnnc~ing part 
of friction ro e. 

y. T. Sockotforspiud~e,braa~. Set wrcw to lioltl ala. 

cliinc in positiou. 
r. 6. Wirc Lend, gnidn, weightZ?ponn(ls. brass. 

1.  Clamp for left crank. 
u. V .   ai^, Brace i’rou iron pipe. rod. 

x 

THE SIGSBEE AND TANNER SOUNDING MACHINES, AS INSTALLED AT THE STERN OF THE ALBATROSS. 
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gratings on either side and abaft the swivel pulley, the after one hinged to turn up 
wlien desired, as in taking serial temperatures. 

The cast-steel bedplate a is securely bolted to the oak bedplate b for the double 
purpose of protecting the former from accidental strains and providing a convenient 
fastening for the machine. 

The cast-steel framesj ,  which carry the reel p ,  are light and strong, and securely 
bolted to the frame a. 

The guide frames or accumulator tubes i are steel pipes of commercial pattern. 
They axe secured rigidly to the forward end of the hinged frame h, their uplmr ends 
terminating in a tie frame of cast steel, which carries two grooved pulleys on its upper 
surface designed to lead the accumulator rope from the springs to the pulley. 

Hinged joints of cast sted are iutroduced near the middle length of the tubes i 
for convenience in attaching or adjusting the accumulator rope and compactness in 
stowing. They can be turned in either direction by removing a screw-bolt. An adjust- 
able scale of brass, distinctly marked up to 80 pounds, is secured upon the upper after 
side of the right-hand tube i, where it is a t  all tinies under the direct observation of 
the man attending the friction rope and the engineer a t  the throttle of the reeling 
engine. The hinged frame A, of cast steel, is pivoted at its inboard end to the frarne 
CI, and extends outboard beyond the frames a and b; it is supported by the latter 
in prolongation of the frame a, and carries the guide frame i ,  the fair-leader, swivel 
pulley, and spur bnEer. The frame moves freely from its horizontal position when 
rigged for service, to the vertioal when folded for security, economy of space, or for 
transportation. 

The accumzclator rope may be of any material a t  hand, but ordinary coasting 
lead line has been successfully used on board the Albatross. To reeve a new rope, 
lower the upper section of the frame i to a horizontal positioii over the machine and 
remove the cap IC, pull the end of the spring up to the joint with a chain hook or 
other convenient implement, bend one end of the rope to it, then run the other end 
up through the tube over its pulley, under the roller on the frame of the accumulator 
pulley, thence up over its pulley and down through its tube to the joint where it is 
bent to the spring which has been pulled up with a hook as before. The tension on 
the springs is determined by experiment in the following manner : 

Elevate the frame i to a vertioal position, reeve the stray line or other cord over 
the pulley and carry the standing part under the reel and make it fast, suspend a 
known weight to the hauling part, or, what is better, use an ordiriary spring scale 
graduated to 150 or 200 pounds, which will be found very useful about the machine, 
putting on any desired strain until, by lengthening or shortening one end of the 
rope, the weight actually applied correspouds to that shown on the scale, the upper 
crosshead of the pulley frame being the indicator. Small adjustments may be readily 
made by easing the screws and moving the scale up or down on the tube. 

It is advisable to verify the scale occasionally, especially after renewing the rope. 
The accumulator springs are spiral, made of No. 4 steel wire (American gauge). 

They are 284 iuches in length, 29 inches outside diameter, and have an elastic limit 
of about 4 feet, which gives the wire a cushioning of about 8 feet before it can be 
subjected to a violent jerking strain; and, what is even more important in niodern 
practice, where the machine is located a t  the stern and the work of sounding carried 
on under all conditions of weather, the springs absorb an equal anmulit of slack wire 
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when, the stern being high in the air on the crest of a wave, it suddenly descends to 
the hollow of the sea with a velocity little inferior a t  times to the sinking of a 
sounding shot. This violent motion, under exceptional circumstances, is the only 
disadvantage of moment in placing the sounding machine a t  the stern, but with the 
Sigsbee machine it assuines little importance in comparison with the superior 
advantages of the location. 

The accumulator springs, in connection with the scale, indicate the rapidly varying 
strains on the sounding wire during the descent of the sinker, end apprise the 
operator of the iustant it strikes the bottom. 

The cap 7c is a neatly fitted, water-tight, copper cover protecting the interior 
surfaces of the accumulator tubes, springs, rope, and pulleys from the weather. It 
is held in place by thumbscrews which are readily removed. 

The accumulatorpulley 1 is lightly constructed of brass, has a deep groove for 
the wire, and is mounted in such a manner that it can be readily removed from its 
bearings without displacing the frame. Guards of sheet brass are hinged to the frame 
above the pulley and carefully shaped to its surface, where they are held in place by 
delicate spiral springs to prevent the wire from jumping out of the groove in case it 
is suddenly slackened from any cause. 

The cast-steel frame within which the pulley 1 is suspended is lightly constructed 
also i n  order to reduce its inertia to the lowest limit. The cross heads traverse freely 
on steel guides which are secured to the inner surfaces of the tubes i, along their 
whole length, giving to the pulley a vertical motion equal to the elastic limit of the 
accumulator Rprings, which is about 4 feet. Shoulders project from the pulley frame 
which impinge upon the spur buffer below, or springs above, to guard it from violent 
shock in case either the sounding wire or accumulator rope should break under heavy 
strain. 

The spur buyer stands in a vertical position on the forward end of the frame h 
directly under the projecting shoulder of the frame which carries the pulley 1. It 
consists of a steel tube containing a spiral compression spring, upon which a steel 
piston rests, its upper end projecting 2 inches above the tube, t h u s  providing a safe 
cushi~ning for the accumulator pulley and frame in case the springs or accumulator 
rope should give way under tension. 

The spriiag bqrers are V-shaped steel springs on the middle lower surface of the 
tie-frame, each side of the accumulator rope. They are intended AS A cushioning for 

I the frame and pulley 1 in the event of the sounding wire parting under a heavy strain. 
The fair-leader and swivel pulley m guide the sounding wire to the accumulator 
pulley, the former when the wire is nearly vertical, and the latter when the angle 
is great, as would be the case when the 'vessel was drifting, turning, or steaming 
ahead. 

The fair-leader is a cylinder of tempered steel, .with rounded ends, bolted to the 
outboard end of the frame i,*with its center directly beneath the outer score of the 
accumulator pulley. The swivel pulley has a deep groove for the wire, is of brass and 
very light; its steel frame is bolted to a collar that turns freely on the outer surface 
of the fair-leader in such a manner that the bottom of the groove on the inner periphery 
of .the pulley m retains its position at ail times directly beneath the outer score of the 
pulley 1 and center of the fair-leader. 

I ' h e  swivel pulley is indispensable when reeling in the sounding mire with the 
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vessel under headwa.y, as is customary in modern practice. It is swung to one side 
out of the way wheu not required for use, and when taking serial temperatures fair- 
leader and pulley are removed from the machine. A steel rod, or handle, projects 
from the frame over the pulley m for convenience in swingiug it back and forth to the 
desired angle. 

The brace n is au iron rod connected to the head of the tubes i and to a strut of 
cast steel ou the inboard end of the frame a; it is. operated by a turn-buckIe, through 
which i t6  length is increased, thus forcing the head of the tubes forward and pressing 
the frame ?& down firmly on the oak bedplate b, where they are held in position when 
the machine is rigged for service. 

The guys o are of flexible wire rope, with sister hooks in their upper ends 
which hook into eyes on the tie-frame, and screwbolts a t  the opposite ends, passing 
through holes a t  the outer extremities of a pair of outriggers of cast steel, which pivot 
on the end of the frame k. The guys being properly set up, support the accumulator 
laterally. 

The reelp is of cast steel and known as the <‘navy reel.” It is cast in one piece 
with 12 light-ribbed spokes; the drum is 28.89 inches in diameter, equal to a fathom in 
circumference, less 0.028 of an inch, t h e  diameter of sounding mire, hence the initial 
turns are a fAthom each; the face of the drum is 34 inches wide aud the reel mill carry 
about G,000 fathoms of wire. The weight of the navy reel is about 1 G O  pounds. The 
V-shaped friction groove, common to all souuding reels, projects from t h e  right flange 
and is cast with it; the drum, flanges, and friction groove, are lathe-finished. 

The shaft, or axle, is of st’eel j the ends are squared for the receptioi? of cranks 
and the reel is held in place by a key, which can be readily backed out; there is a 
ratchet wheel ou the left of the reel, and a worm wheel on its right, into which the 
register t is geared. Both the ratchet and worm wheels are keyed on the shaft. 

Tibe navy reel is the only oue that has been thoroughly reliable under all condi- 
tions of service on board United States vessels, and is to be preferred ou that  account, 
notwithstauding its great weight, which is really of little momelit when used with 
the cltrefully adjusted accumulator of the Sigsbee machine. A little closer atteritiou 
to the friction rope is all that is required on the part of the operator to overcome the 
effect of increased inertia. 

Experiments were made on board the Albatross with ingeniously devised and 
carefully constructed built-up reels, under the impression that it was vitally necessary 
to keep the weight down; weaknesses were developed wheu working in great depths 
and the parts strengthened until the reel increased from 90 to 160 pounds in weight; 
it failed even then under a crushing strain of About 300 tons. 

X h e  friction rope is of 18-thread manila, 2 fathoms in length, with an eye spliced 
in the standing part. To reeve i t  for sounding, slip the eye over its cleat on the bed- 
plate a, lead the hauling part under the reel, then over it aud through the V friction 
groove; the operator stands forward of the machine, faciug it, with the friction line in 
one hand, aud with the other steadying himself in rough weather, which he can do 
without distracting his attention or interfering with the delicate manipulation of the 
friction rope, upon which successful sounding so largely depends. He can stop the 
reel promptly by a moderate pull on the line with one hand, and a further advantage 
gained by t l~ is  direct method of running it is that the accumulator is left entirely free 
to indicate the rapidly varying tension on the sounding wire, which it does with marked 
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precision under all conditions of service; hence the actual resistance imposed upon the 
reel by the friction line becomes a matter of indiBereiice. 

The wire guard r is a T-shaped brass plate hinged to the bedplate a. Its head 
is faced with sole leatlier and covers the width of the reel between the flanges. The 
leather rests fairly on the wire when it  is i n  action and a gentle pressure is maintained 
by a spiral spring attached to t,he middle of the upright part of the T and to the 
bed-plate a under light tension. The coritact of' guard and wire takes place at 
the forward lower quarter of the reel and is iutended to supplement the action of 
the friction line by supporting the slack turns of mire and causing them to be seen 
more quickly on the upper surface, also to prevent their flying off from the lower part, 
of the reel before they are apparent to the eye of the attendant. 

While the relief aE'orded by the guard is momentary only, i t  serves to give 
timely warning to the vigilant operator who is speeding his work by veering mire to 
the utmost limit of safety. 

The brake s is practically indispensable when, from the breaking of a belt or 
friction line, the reel becomes unmanageable and can uot be safely stopped by throwing 
the pawl into action. 

The register t is of brass and has three dials marked for units, hundreds, and 
thousands; its gearing engages the worm wheel on the axle of the reel, and can be 

quickly thrown into or out of action, or removed 
1 from the machine. It registers the number of 

CUT 38.-Rstchet crank, 
views. 

front and 

r 

I turns of wire paid out, the corresponding n u n -  
ber of fathoins being found by reference to a 
correction curve or table prepared for each 
reel. 

The reeling engine u is a Copeland & 
Bacon half trunk, designed for the purpose, 
6&inch cylinder and 6-iuch stroke; it has a 
light-iron frame, cavt in one piece, and is bolted 
securelyupon the inboard end of the bedplate a. 

1 The driving pulley v has a V-groove correspond-. 

side 

ing to that on the reelp, over which the belt m 
is run; the steani connection w is on the right 
side of the cylinder, and the exhaust valve aud 
steam chest are on its left side. 

Flexible hose, or rigid steam and exhaust 
pipes, may be used, and where the machine rigs out and in it may be advisable to have 
a pipe connection on the deck near it and a flexible attachment admi!ting of the 
necessary movement. 

The ratchet crank ships on the squared end of the crenk shaft of the reeling engine 
and is used to work water out  of the cylinder, also to assist in starting the engine 
slowly to avoid sudden and undue strain on the sounding wire; it call be unshipped 
after the engine has been started or left hanging in place, where it will remain in a 
vertical position, the ratchet preventing its revolving with the shaft. Cut 38 Rhows 
front view and side view of the ratchet crank. It was devised by the writer and 
constructed by Ohief Engineer Baird of the Albatross. 

The belt x is of 18 or 21 thread ra,tline stufY, made in the form of a grommet strap, 
with sluall sewed seizings covering the ends in the splice, to prevent their working 
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out as the belt becomes stretched. Experiments were made with leather, gutta- 
percha, inanila, etc., for belts, but we found nothing to compare with ratline stuff, 
which is quickly fitted on board ship, perform its work well, and is fairly durable. 

The t igh ten ing  pulley y, deeply scored to receive the belt, revolves on a stud or 
axle lrojecting from the side of a movable collar that traverses freely on a vertical 
standard erected from the bedplate a between the engine and reel. 

The belt-t ightener x consists of a small steel, rod having a screw thread on its 
whole length, a swivel joint and pin on its lower end, and a small hand wheel on its 
upper extremity. Its frame is of brass, cylindrical in form, and has a slot running 
nearly its whole length, in which the rod and swivel joint work. A round hole in  tho 
lower end of the frame allows i t  to slip over the end of the tightening-pulley standard, 
and there is a screw thread in the other end which engages the thread on the rod. 

To operate the belt-tightener, put, the belt on tho reel and driving pulley, place 
the tightening pulley on the upper part of the belt, slip the belt-tightener over the 
end of the standard, and pass the pin through a hole in the swivel joint; then, by 
revolving the hand-wheel, screw the base of the frame down upon tho collar until 
tlie desired tension is obtained, which is easily and quickly done with one hand. 
Should the belt stretch so much that it can not be set taut 
with the belt-tightener i t  is only necessary to slip a few 
wasliers, or a piece of pipe 3 or 4 inches long, 011 the standard 
between the belt-tightener and movable collar. 

It was formerly the practice on ilie Albatross to put a 
tension on the belt by pressing the pulley down by hand aiid 
retaining a uniform strain by the elastic pressure of a spiral 
spring. It required the uuited efl'orts of two or three men 
to get the belt sufiiciently tight. Even then it mould slip a t  
times when working in deep mater; hence the iiecessity for a 
meclianical belt).tightener, which has proved to be simple and 
effeotive. Out 39 shows a general view of the belt-tightener 
and a side vi& of the swivel joint aud pin. 

The fiigsbee wire clamp (cut, 40) is composed of two 
pieces of lignum-vitae, semi-circular in foriii, with right and 
left hand screws for operating it. It is used for holding the 
sounding wire in case it becomes necessary to slacken it CUT 39.-Belt-tightenor. 
between the reel and swivel pulley; for instance, if it flies off the reel, or a defective 
eplice, kink, or slack turns are discovered. 

To use the clamp, slip the wiro between tho flat surfaces of the jaws, as sliowii at 
d ,  set them firmly against it by ineans of the right and left hand screws, and lower i t  
into the fair-leader. TO suspend the Rubmerged wire and sinker by the accumulator, 
put the clainp on between the pulley and reel, lashing it .well down, Lielow the elastic 
liniit of the springs; but this will seldom be necessary or desirable in practice. The 
clamp is carried in a socket inside of the bedplate a, 011 the left side, between reel 
and accumulator frame, wliere it is available for immediate use. It is held in its 
socket by expanding the jaws through the reverse action of the right and left hand 
screws. 

The wire g u i d e  is used to lead the sounding wire fairly upon the reel. It is a round 
piece of wood, 9 iuches in length and 1& inches in diameter, covered with heavy pump 
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leather for half of its length, the leather being nailed on with headless copper tacks, 
to avoid the possibility of catching the wire. There is a becket through a hole near 
the end of the handle. 

To protect the leather from unnecessary wear, it should be kept well oiled. It 
will usually receive an ample supply from contact with the wire. 

To use the wire guide, take it in the right hand, slip the becket over the wrist, 
grasp the brace of the sounding machine with the left hand for support, if there is 
much motion on the vessel, then press the leather-covered surface lightly against the 
wire with sufficient force to guide it evenly upon the reel. It should lw made an inva- 
riable rule to use the guide, even though a few fathoms only have been run off, in 

C U T  40. 
a. Lignum-vituo ,jmva. 

CUT 41. 

c. Giiido bolts. bruws. 
6. tjpindlo, with right and loft llancl wcruww. d.  Sounding wire. 

Curr 40.-Side view of tho Sigsbee wire cla~np, showing jaws a and right and left hand sorews by which 
they are opened and closed; also guide bolts c, which are rigidly set into right jaw and slide freely 
in tho left. 

Cur 41.-Top view, showing ends of jaws u, between which are grippctl two pieces of sounding wired. 
CUT 42.-Froiit view, showing manner of clamping tho wire. 

order to guard against the exasperating occurrence of slack turns of wire on the 
reel. The guide is very useful, also, in the hands of an expert, for cietecting kinks or 
defective splices, which are rarely discernible by Right OII rapidly running wire. 

The dynamometer s t a f  and spring were devised by the writer in 1891 for the pur- 
pose of' facilitating the guiding of' the sounding wire upon the reel with the loast 
possible friction on the splices, reducing the manual exertion required to guide it, 
and avoiding the danger and annoyance resulting from slack turns. 

In sounding wi th  the Sigsbee 
machine, the accumulator pulley, 
over which the wire leads, has a 
vertical motion nearly the entire 
leugth of the tubes within which 
its controlling springs are in- 
closed, and a scale on the right 
tube indicates the tension on the 

wire, as well as the moment the sinker strikes bottom. Nothing better can be desired 
during the paying out, but the greater strain brought upon the wire while reeling 

CUT 43.-The wire guide. 
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in tends to draw the pulley down so near the reel that i t  is difficult and a t  times 
impossible to guide i t  evenly upon the drum j hence the necessity for a simple method 
of suspending the pulley a t  the top of tlie frame, a t  the same time retaiuing the 
dynamometer, or adopting another by whioh the strain 011 the wire may be noted. 

The dyiiainoineter staff is a brass tube of commercial pattern, cut to the desired 
length, and an eye of cast brass secured in its upper end. A t  the lower extremity is 
a spiral compression spring of phosphor bronze, -19 inches in diameter and 8 inches 
long, held in place by a small shoulder and drift pin. 

To use it, the siiilter having been detached, place the spiral spring over the top of 
the spur bufer, lift the pulley to the top of the frame, and secure the eye of the staff 
in the soqket at the lower extremity of the crosshead frame by a loose pin provided 
for the purpose. With the pulley in this position, the wire is guided upon the reel 
with the miiiiiniim of exertion and friction, and the elastic limit of tthe spring, about 4 
inches, being divided off as a scale on the left accumulator tube, the strain put upon 
the wire is nuder the constant observation of the operator. 

The scaleis marked from 100 to 130 pounds, the tension being obtained by clapping 
a spring scale 011 the end of the stray line, and with a piece of chalk marking the lines 
as desired; it is the work of a moment and preferred to a permaneiit scale,which would 
require frequent verification. Either arm of the crosshead may be used as a pointer, 
but the lower 0118, being marly on a level with the oye, is preferable. 

The adoption of the staff interfered with the uBe of the main accurnulator while 
reeling ill, b u t  tlie machine being located a t  the sterii and the vessel steainiug ahead 
there was uo fear of fouling, and the danger from jerking strains iu a seaway beiag 
much reduced by the trend of tho wire astern no inco~ivenience wwj suffered from 
the new arrangement. The speed of the reel was governed entirely by the strain 
upon the wire; 110 pounds 
\&s considered thoroughly 
safe practice, 120 pounds 
was the ordinary working 
strain, and 130 pounds the 
extreme limit of safety, CUT 44.-Guide for temperature wire. 

which was not exceeded under any circumstances. With the introduction of the 
dynamometer staff the speed of the reeling engine was increased, the danger from 
slack turns on the drum disappeared, and a noticeable decrease was observed in losses 
from defective splices. 

The guide for  tlbe temnperature wire, as improvised by the writer in 1891 and first 
used aboard the Albatross on the cable survey between California, and the Sandwich 
Islands, has an oak frame in which is a long slot carrying a pair of &ass rollers, 
lashings being provided at each end for convenience in securing it in place. To 
prepare it for use, reiiiove the fair-leader and swivel pulley from the soiindiiig machine, 
ship the dynamometer staff, lash one elid of tlie guide to it just below the accumiilator 
pulley, securing the other wherever most convenient; then, having mounted the reel 
containing the temperature wire, run the stray line over the pulley and between the 
rollers on the guide and bend on the sinker. 

With this arrangement of guide, thermometers and water bottles are fastened to 
the wire arid removed from it a t  a coiivenient height above the grating, which is a 
convenience at  all times, and particularly so in heavy weather. 
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THE T A N N E R  S O U N D I N G  MACHINE.  

This machine mas devised by the writer in 1Y80, for use OIL board the United States 
Pish Oommissiou steamer Pish Hawk, which was provided with deepsea apparatus 
designed to operate in depths within 500 fathoms. It is a liarid machiiie for sounding 
with wire, and can be operated by one inan, but two will work more rapidly, aucl, i f  
sounding in 200 fathoms or more, time will be saved by having a relief at tlie cranks. 
Soundings in 800 fathoms liave been made with the machine, and the reel lias even a 
greater capacity, but it is lightly constructed and not intended to bear the crushing 
strain inipoeed upon it by working in greater depths. 

It is mounted ;it tho storn of the Albatross abaft the Sigsbee machine, carries 
about 500 fathoms of No. 21 music (Washburn & Moen) wire, with which an ordinary 
28-pound lead is used; it is kept in readiiiess for navigational purposes whenever the 
vessel is underway, and soundings within its capacity are quickly and accurately 
made by stopping and getting an up-and-down cast, while from 70 to 100 fathoms may 
be readily reached without cliecking the speed by attachiiig 8 Bassnett atmospheric 
souuder or Sir William Thornson’s tube to the stray line. 

The Taniier niaclaine is iised also in deep-sea exploration in depths within 200 or 
300 fathoms, and while tlie Sigsbee machine is preferred in deeper water the former is 
occasionally used even in 500 fathoms. 

I t  is necessary to keep the wire taut when sounding with this machirie as well as 
with others, for slack wire is liable to fly off the reel or ,kink, and the Iatter is usually 
followed by a break. 

The spindle a is made of iron, turned slightly tapering, screwed firmly into the 
base of the frame b, and illclosed within a brass tube. Thcro is a brass bearing on 
the rail through which the spindle passes, the lower end resting in the socketp. The 
set screw q holds the macliiue in any desired positioii. 

The frame above mentioned is of brass, cast in one piece, is bored to receive tlie 
reel shaft, and bas appropriate lugs for the pawl atlid register. The reel d is of cast 
brass, 22.80 inclies i n  diameter; the initial tririis of wire equal 1 fathom, increasing as 
the score is filled, its capacity being about 2,000 fathoms of No. 11 music. 

The V friction groove, common to all sounding reels, is on the right flange, and is 
part  of the same casting. 

The ‘cranks g ,  by which the reel is turned, have conical friction surfaces, which 
are brought into contact with similar surfaces on the ends of the reel shaft by moving 
the right crank one-half a revolution ahead, the left one remaining clainped a t  d ,  or 
held firmly in the hand. The reverse motion releases the reel, allowing it to revolve 
freely without moving the cranks. On the left side, between the frame and crank, is 
a worm wheel which operates the register A. The ratchet and pawl are shown on the 
right, between the frame and crank. 

The arm c, which supports the guide pulley e, is of iron, hinged between lugs on 
the frame, and held in position by the pin i. The small metal reel-tackle block j ,  
projecting from the arm, is part of a tackle for suspending the reel when mounting or 
dismounting. 

The giiide pzllley e is of brass, with a V groove, the upper portion being covered 
with a guard to prevent the wire from flying off. The pulley is huug on a frame, 
having a spindle extending into the metal casing above, the small arm 76 being confined 
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to its upper end by a nut. A spiral accuniulator spring surrounds the spindle, and is 
conq)ressed by the weight of the lead 8, giving tile guide pulley e a vertical play of 
about 3 inches. The fair-leader J' swings freely in and out, but is rigid laterally, and 
guides the wire fairly into the score of the pulley. The aperture through which the 
wire passes is liued with highly tempered steel. 

The standing part of the frictiou rope 118 is spliced into the eye o in the frame, 
carried arouud the reel in the V groove, and the freo end secured to the bight of the 
accumulator rope TL a t  WL, one end of the latter being hooked to t h e  small arm 76, 2nd 
the other mado f a t  to the arm e, for the purpose of supportiug the friction rope when 
i t  is slack and preventing its flying out of the V groove. Tho guide r' loads the wire 
fairly 011 the reel. The maohiue revolves freely, its maight being sustaiiied by the 
socket 21. The set screw q holds it in position. 

To take a sounding, the wire being ou the reel and 'the latter mounted, haul the 
friction rope hand-taut before tlie lead is atttbchecl and while the guide 1)ulley is up 
i l l  place. I n  this positioii it requires a strong inaii to move the reel, but the lead 
being bent and suspended, it coinpresses the accumulator spring and drags the pulley 
clown sufticieiitly to slack the friction ropo arid allow the reel to revolve with comparative 
jteedoni. The instant the lead strikes the bottom, however, or the weight is removed 
froin any ca'uw, the pulley flies up, putting a tension 011 the friction rope, which checks 
the reel. 

The friotion rope being properly adjusted, reeve the stray line over the guide 
pulley and bond on the load. Throw the pawl out of action, attend the friction rope, 
:tiid lower the lead to the water; set tho register a t  zero, and toke tho cast, goveruing 
the speed of doscent by means of' the friction rope, which is grasped by the riglit 
hand a t  w. As soon as the leiad reaches bottom, briiig the cranks into actio11 by 
turning the riglit 0110 a half turn ahead, read tlie register, unclamp the left craiilr ak 
t, throw the pawl iuto action, slid heave in. Wlieii the load is up, elsnip the left crank 
at t ,  move the right one a half turn back, thus throwing them out of action, and the 
machine is ready for another cast. 

If' there is much sea ruuning i t  is necessary to  use a light lead attached to the 
upper end of the stray liue to prevent kinking the wirq when slackened by the vessel's 
pitching. 

To dismount the reel, reeve the tacklej and take the weight ob the shaft; remove 
the nut from the left eiid of the shaft, grasp tho ratchet wheel with both hands, and 
withdrew the shaft and right crank, IeaLvirig tlie left craiili arid woriii wheel in position, 
swing tho reel clear of tho frame arid lower it to the deck, returniug the shaft slid 
crank to their places. If tlio frame is to reirisiii on tho rail, remove the register and 
lower tlie arm c by withdrawing the pin i, case up the set screw q, swing the arm 
inboard, tlieii tighten it to hold the machine in position. 

To wholly dismouiit the niachine for transportation or storage, remove the reel, 
cranks, and register, disconnect the arm c a t  i, and uiiscrew t h e  spindle a from tlie 
base of the frame b. The total weight of the machine is 136 pounds. 

If the ordinary sounding wire (No. 11 music) is used, it iu necessary to protect i t  
from oxidation by keeping it oiled who11 mouiitoil, aud iii B reel tank when not in use. 
But with a view of having i t  ready for service a t  a11 times without the necessity of 
giving special Co1.e to the wire No. 21 music is used and allowed to rerriairi on the 
reel without other protection than occasioual oiling. It rusts, as o niatter of course, 

F, C .  U. 18DG--21 
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but i t  is serviceable fbr a year, a t  least, and sornet;imes lasts two ycars. This heavy 
wire is recornmended for use in depths not exceeding 600 filthoms. 

The Tanner in:~chi~~es recerltly ~nade  liave bcen si~nplifiecl in construction by dis- 
pensing with tlle inner and outer sliafts alici co~iioal i'riction snrfaccs for e~lgegirig the 
cranks nr~d substi tnti~~g tl~erefor a sillgle cyIi11drica1 shaft with ifs ends squared fhr 
tlie reception of sleeves which farm cylindrical beariugs for tllc crsnlts, both being held 
in place by washers ancl set screws in t.he ends of t,lle shaft. The cranlts are thrown 
into and out of nction by spring-controlled locking-bolts, carriecl on their rear sar- 
faces, which pass througl~ lioles i l l  llubs of cranks and into t11e sleeves. Tlie worm 
wheel and rstchct are carried on the cylinclrical body of the s l~;~f t ,  betwecn the sleeves 
and the frame, and are held with set screws. The reel is also secured in the same 
manner. 

THE TANNER SOUNDING MAUHINIC FOR BOdT SERVICX. 

It is frequently desirable to extend lines of souudings fro111 one or t ~ v o  to 
several hundred fathoms, with the s:tmc vessel and apparatus, and the Tanner 
macliine being well adapted for boat worli, mas installet1 :it tlle stor11 of tlic Albrctrow7 
steam cutter, with fittings similar to those on board sliil), anci 1i:bs performecl exccllellt 
service. 

CUT 45.-The T,zrincr sounding m:~chinu mountoil in tho sto:~m onttcr. 

When a soundiug is about to be takeu the cutter is stopped as quickly as prac- 
ticable, maneuvering to lreep the mire vertical during its clescent, and as ~ o o n  as the 
lead strikes bottom she fitearns ahead agaiu a t  full speed, the wire being reeled in 
while slie is under heeclway. Short base lines aro quiclrly measured by malring the 
stray line fast, set'ting the register a t  zero, and steaming clirectly for the opposite end, 
a t t ach i~~g  as many floats en route as are necessary to support tile wire a t  the slll'flll*~ 
Tlle reading of the register is corrected as in sonnding. Tile same 1net110d ~vill 
on s smooth stretch of laud by mooring tlie boat and walking away with tlic! m 

This is not a rigidly accurate ~rietliod, but, for s l~or t  lines, tlie results 1 

found to compare favorably with those obtsiued with the surveyor's chain, 
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THERMOMETERS. 
Thermometers were procured .from various manufacturers during 'the earlier 

operations ofthe Fish Commissioii and issued for service without provioos comparison 
with a standard. Only the best instruments of reputable makers were used, and 
observations wese confined to air temperatures, surface, shoal mater, and moderate 
depths, hence they did not suffer materially until the scope of temperature observa- 
tions enlarged in the direction of the deep sea, when iiistrumental errors became of 
sufficient frequency to cast discredit upon them. 

Systematic and successful efforts were made by tlic officers of tho Commissioii to  
improve this branch of the service; greater carc was exercised ill tho selection of iiistrii- 
ments; malrers were informed of weak points developed in service and encouraged to 
remedy t,licni; all tliermometers were rigidly compared by an officer of the Cornmissioii 
and were accompanied by tables of corrections when issued for service. The accom- 
panying description will include only the tliermometers of the Albatross, as they 
represent the types in use on board the vessels of the Commission. 

!Z'hermonaeters for air tcnqeratures are made by J. & II. J. Green, New York. The 
tubes are 10 inches in length, made extra strong, well seasoned, and graduated on the 
stems to lo F. . They rate with remarkable uniformity, with a maximum error of 0.30, 
minimum of 0.00, and mean of 0.10. They are mounted in extra heavy copper cases, 
open in front, with a cup in the bottom perforated with a central hole. 

Wet-bulb therilzometers are the same as those above described and are prepared 
for their special function by liaving their bulbs enveloped in lamp wick, which being 
immersed in a suitable cup of fresh water placed beneath the suspended iiistrumerit , 

saturates the fibers surrounding the bulb by capillary attraction. 
Therntometers for surface temperatures are the satno as before described for air, 

and are prepared for use by inserting a, cork into the central hole in the bottom of the 
frame. 

The Tagliabzce tliermometers attached to the Hilgard ocean salinometers are simple 
tubes, with round bulbs, protected by perforated bras8 cages and fitted to slide into 
the front of the salinometer clip. The older make, graduated 011 the stems to 10 F., 
range from 300 to 1000, while later forms are graduated to 10 centigrade, and range 
from -100 to + 500. 

THE NEGRETTI  & ZAMBRA D E E P - S E A  THERMOMETER.  

The following description is copied in part froin the datalogue of Negretti & Zam- 
bra. The construction of the thermometer will be understood by reference to fig. 2, 
plate xx, and its shield is shown in fig. 2,  plate XXI, iii a vertical sectional elevation 
of the Tanner deepsea thermometer case. 

The thermomotrictll fluid is  mercury; the bulb containing i t  ia cylindricnl, contracted in a 
peculiar manner at tho neck a; and upon the shape and fairuoss of this contraction the success of the 
instruirient mainly depends. Beyond a the tub0 is bell+ and a sindl catch reservoir at b is forrlied for 
a purpose to be presently explained. At the cud of the tube II sniall receptacle o is provided. Whcu 
the bulb is downward the glass coutains mfllaiont mercury to lill tho bulb, tube, a ~ d  part of the 
reooptttcle c, leaving, if the teinperature iN high, sufkient space in 0. Whcn t,he thermodoter is held 
bulb upward, the mercury breaks at a, ani1 by its own weight flov" down the tube filling c uud u 
portion of the tube above c, depending upon the exieting temperhturo. The soale is aocordingly made 
to be read upward from o. 



324 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

TO set the instrument for observation i t  is only necessary to 
placc i t  bulb downward, when the mercury takes the tcmperature, 
jiist aa in an ordinary thormometcr. If a t  any t8ime or place tho 
temperature is required, nll that  has to  be done is to turn the ther- 
mometer bulb upward and keep i t  i n  this position iintil the re:lditlg 
is takeu. This may be done at auy timo afterrnard, for tho quantity 
of mercury in  the lower part of the tube which gives the reading is 
too small to 1x3 sensibly affected by i i  change of tempcratnro unless 
it i B  very great, while that  in  the bulb mill continue to  contract 
with greater cold and t o  expand with great Iieat. In the latter case 
some mercury will pass the  contraction a and may fall down :~nd 
lodge at b, but i t  can not go further so long as tho bulb is upward, 
and thus the temperature to  be read will Dot be atfeotcd. 

Now, whenever the thermomotcr can be handled i t  ea11 readily 
bo turned bulb upward for reading the existing temporature. It 
must bo clearly undcrstood that  this thermolrloter is  only intended 
to  give the temperature at the tinlo and place where it is turnecl 
over; it is simply e recording thcrmomctor. In its prescnt stata i t  
C a l i  not bo used as a self-registering inaximum and minimum, though, 
if required, it could be coustructed to  act as a maximum. 

In  ordcr to  make the thermometer perfectly satisfmtory, it was 
neccssary to  protoct i t  from pressuro 8s  well i n  shallow as in  tho 
deepest seas, for iu either cme the  pressure would cause an error of 
greater or less dogrce in i t s  indications. Like an ordinary ther- 
mometer it  i s  devoid of air, and so quite different from sixe’s, which, 
containing comprcssed air,  RE B certain internal resistance. Hence 
it would be more affected by pressure than sixe’s thermometer, 
however thick the glass of tho bulb. By tho simple oxpedient of 
inclosing the tlicrmouioter in  a glass shield, o [plate xxi, fig. 21, 
hermetically sealed, the  effect of extcrnal prossure is entirely elimi- 
nated. The shield must of course bo stroug, but  not exliausted of 
air. It will, hoxover, render the inclosed thurmomoter 108s readily 
affected by changcs of temperature, irialcing it more sluggish. 

To counteract this tendency mercury is iiitroducetl into that  
portion of tho shiclcl surrouuding tlio bulb, and conf~iied tliore by 
a partition, d, cemeuted in  the shield around the neck of tho ther- 
mometer bulb. This mercury acts 9 8  a carrier of heat betweeu the 
exterior of the shield and the interior of the tliennometer; and the 
efficacy of this arrangement having been experi~iontallydeterinincd, 
tho instrument has beon found far superior in sensibility to  Sixe’s. 

So long as the shield withstands the pressure-that is, does not 
break-the thermometer will be unaffected by pressure, and there 
is abundant experience t o  show that  such a shield will stand the 
pressure of the  decpast ocem. Doubtless tho shield will bo slightly 
compressed under groat pressure, but this can never cause an internal 
pressure suffioient to  have a11 appreciable offcot upon the thermonle- 
ter. Thia method of shielding is, thorefore, quite o%cacious, and 
deep-sea thermometers so protected do not rcqiiire to  be tcstod for 
pressure in  the h-~-draulic press. They simply require accurate tests 
for seusitivcncss and for errors of graduation, because they are 
standard instruments adapted to tho determination of very small as 
well as great differoncos in tumperature, some one or two tenths of :L 
degree in  slisllow water. The test for sensitiveness should determine 
the time the  instrument requires to  take up a change of bo, rise or 
fall, and the time is found to be from five to  ton seconds. 

Thus, provided tho turning-over gear is found to answer, this 
CUT CB.-Comparetive ther- instrumcnt evidently possesees great adventagcs. It has no at- 

tached scale, tho figures and graduations being distinctly marked 
on the stem itself, and the shield oRectuaIly preserves them from 
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obliteration. The part of the stein which forms the background to  the gradiiationn is enameled white 
to give distinctness to the mercury. 

To make this instriiiiieiit available for deep-sea iise i t  i8 necessary to  provide some reliable rnethocl 
of turning tlie biilb upward a t  tlie proper time; ~ H O ,  to preveut i t  from turning doivii agniu before 
the surface is readied aiicl the teiiiperature read. 

Plate xx shows a metal frame devised by Commander Magnaglii of the 
Italian navy. It is described as follows in an advertisement of Messrs. Negretti St 
Zambra : 

Negvetti 4 Zambra’cr patent improtted frame standard deep-sea thermometers.-A is a metallic frame in 
which the  case 13, coutaining the thermometer, is pivoted upon an asis H, but  not balanced upon it. C 
is a 6crew fan nttached to  a spindle, out) end of which works in a socket D, and on the other end is 
formed tlie thread of a screw E, abont 11:ilf an inch loug, mid just  above i t  is a small pili or stop F, 
on the spindle. G is n sliding top-piece, agaiiist which the pin F inipiuges when the thermometer 
is adjusted for use. The screw E works into tho end of the c:we B, tlio lcngth of play t o  which it is 
adjusted. The number of turns of the screw into the cme is regulated by meaiis of tlie pin and stop- 
piece. The thermometer iii its case is held in position by tho screw I<: and clescoiids into the sea in  this 
position (fig. l), the  fan 9 not acting during the clescent because i t  is checked by the stop F. When 
the ascent commeiiccs tlie fan revolves, raises tho screw E, and  releases tlie thermometer, which then 
turns over and registers the temperature of that  bpOt, owiug to tlie asis IC baing below the center of 
gravity of the  case B ns adjusted for tho descent. Each rovolutioii of tlie fan represents aboiit 2 feet 
of movemelit through the water, 80 that  the whole play of the screw require8 70 or 80 feet ascent; 
therefore, the space tlirougli which the theriuonioter slioultl pass before turning over must bo regulated 
a t  starting. If tho instrumeut nscend8 a few feet by reason of a stoppage of the line wliilo attaching 
other thermometers, or through the heave of the sea, or :lily caiise wIi:Ltevcr, the  subsequent descent 
will cause the fan to  carry back the stop to its initinl position, aiid snch stoppages may occur any 
nunibcr of tiines providcd tho line is not made to ascend tlirough the space necessary to raiise the  
fan to  release tho thermometer. 

Wheu tlie h:mliiig in has caused the turn-over of the thermometer the lateral spring I< forces the 
spring L into a slot in  the ca8e 13 :ind clanips i t  (fig. 3) until i t  is received on bonrtl, SO that  110 cliange 
of position (*an ocriir in the rest of the esccnt froiu any cause. 

The case I3 is ci i t  opi’n to  eSpOH0 the scale of tho thennometer, and is &lso perforated to nllom 
free entry of tlie mater.” 

The Magnaghi frame above described is a great improvement on the wooden cases 
formerly furnished by the makers, bu t  even this did not prove entirely satisfactory 
i n  all respects, inasinuch as it could iiot be secured to soundiiig wire, and could not, 
therefore, be used in series. The fan failed to act occasionally, aud the springs R aud 
TJ were apt to hold the case B in a vertical position by friction, thus preventing the 
turn over a t  the proper time. 

This thermometer was first used by the Fish Oommission in 1577, when it was 
rnouuted in a wooden case about 13 inches in length, secured to the lead line by a 
lanyard a t  the bulb end. A cylindrical cavity contained a quantity of shot, movable 
froin end to m c l ,  sufficient to nearly overcome its buoyancy in sea water. On sending 
tllo case down the friction of the water, aided by the buoyancy of the case, tended to 
keep it upright and bulb down in the water, the shot rolling promptly to the lower 
en(1 Qf the cavity. Reversing the motion and hauling in the line t h e  case was capsimd 
and the shot run to the other end, tendiug to keep i t  down and the bulb uppermost. 

T]+J arrangeiiient answered its purpose at moderate depths in sinootli water 
w]lere veering and llauling of the lead line could be tiiade coutinuous, but t h e  motion 
of the vessel in a moderate seaway was suficient to capsize it’again and again, and 
tlie case lost its buoyancy in about GOO fathoms, the wood becoming waterlogged. 
Mauy attempts mere made, both i n  this country and in Europe, to iinprove the uase, 
and iu September, lSS0, the  IvritCr :IttnClled a Spring latch to the eud opposite the 

L 
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bulb, which, grasping the wire, held the thermometer in a vertical position during its 
descent and, when ready to haul up, the latch was disengaged by the impact of a 
metallic messenger sent down 011 the wire, and the thermometer promptly capsized by 
the preponderance of weight, the shot having been blocked in the free end of the case. 

The next improvement, introduced a few days later, was simply a brass tube, 
seven-eighths inch in diameter, in which the thermometer was placed and held in 
position by rubber rings. The bulb end was secured to the sounding line by a lan- 
yard and the other end carried a pair of slip hooks, which, encircling the line, insured 
a vertical position, bulb down, during its descent. It was reversed by impact of a 
messenger, as before, and, having no buoyancy, it retained its position, bulb up, even if 
the reeling in was interrupted or the vessel was laboring in a seaway, The messenger 
was of brass, cylindrical in form, with rounded ends, and weighed from 3 to 4 ounces. 

This device became known as the Tanner case and proved efficient in the mod- 
erate depths sought by the Fish Hawk, but, in anticipation of more extended explora- 
tions on board the Albatross, then under construction, I considered it necessary to 
devise some method of registering in deep water without the loss of time inciqent to 
the descent of a messenger. The propeller of the Sigsbee water bottle suggested a 
simple and reliable method of reversing at  any desired depth and permitting the use 
of any number of instruments iu series. 

The attention of Passed Assistant Engineer William L. Baillie, U. S. N., being 
called to the matter, he devised the propeller attachment which screwed to the upper 
end of the Tanner case, the slip hooks being removed for the purpose. The action 
of the propeller is practically the same as in the Magnaghi frame, received later in 
the same year. The device became known as the Baillie-Tanner case. It operated 
perfectly, so far as the prompt and unfailing overturning of the thermometer was 
concerned, but  the weight, bulk, and general form of the free end was such that it 
subjected the delicate instrument to undue jarring on the way up, frequently shaking 
the mercury down from the bulb or catch reservoir into the tube and vitiating the 
observation. It was used iu common with .the Magnaghi frame, each having its 
merits, but both were lacking in some essential qualities and were superseded late in 
the season of 1883 by the device described below. 

THE T A N N E R  IMPROVED T H E R M O M E T E R  CASE A N D  S I G S B E E  CLAMP, U S E D  
W I T H  T H E  N E G R E T T I  & ZAMBRA D E E P - S E A  THERMOMETER.  

Fi'g. 1, plate XXI, shows the apparatus complete, and fig. 2 a vertical sectional 
elevation of the metal case containing the thermometer. The frame is of brass, cast 
in one piece? as light as ,is consistent with tlie required strength. 

It has a 
piece of metal soldered in its lower end to support tlie spiral spring 71, and pivots to the 
frame atj. The cap i is screwed upon the upper end of the case, and is pierced with a 
central hole for the reception of 'the spindle 0, carrying the propeller IZ, which is 
secured to it by a through drift pin. The upper part of the spindle has a screw thread, 
which works in a thread i n  the head of the frame. Its lower part has a plain surface, 
with rounded end, and revolves freely in its bearing and in the hole in the cap i. The 
set screw p regulates the distance the thermometer must be drawn up through the 
water before it is overturned and the temperature registered. The range is from 3 to 
25 fathoms. The clamp q is the Sigsbee clamp used by him on water bottles and the 
Miller-Casella deep-sea thermometer. It is of phosphor bronze and performs its work 
admirably either on the stray line or sounding wire. When clamping to the latter, 

The casef is a brass tube of commercial pattern, 1 inch in diameter. 
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THE TANNER IMPROVED THERMOMETER CASE AND SIGSBEE CLAMP, USED WITH THE NEGRETTI & ZAMBRA DEEP-SEA THERMOMETER 
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6 .  Cutch rescrvoir. 
E .  Siiirill reooptnolo. 
d.  I'artitioii coiiliiiii~g mercury in i. Cap. 
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however, tlie bight,of wire betweeii the two jaws of the clamp should be drawn back 
over the head of the clanip screw T ,  to prevent slipping. Tlie guard 111. is intencled 
for the protection of the propeller against accidental contact with the souudiilg 
macliine or ship's side. 

The method of mounting aiid protecting tho thermometer in its case will be readily 
understood by reference to fig. 2, where, securely inclosed in its glass shield, i t  is ever 
resting in rubber-lined thimbles, which m o w  freely along theiuner surface of the case 
and guard i t  laterally, while the delicate spiral springs of phosphor bronze protect it 
longitudinally from the jarriiig caused by the rapid motion of tlie reeling engine, which, 
with the old methods of mounting, sometimes affected the reliability of observatio~is 
by shakiiig the mercury down into the tube. Tlie temperature is read through the 
slot k by means of a reading lens. The ease is pivoted a t  j in such a inauiier that it 
swings freely after it is capsized but can not strike t h e  wire while reeling in. 

To take a temperature set the spindle o into the hole i n  the cap i by screwing i t  
down uutil the propeller blades strike the set screw p ;  then, by means of the Sipbee 
clarnp p, secure i t  to the temperature rope. The bulb will theit be down and the 
uercury in the tube connected with it, the position required to t dw the temperature. 
The water acting oii the propeller during the desceiit will keep it in position resting 
agaiust tlie  et screw p ,  but as soon as the reeliiig in begins tho propeller is set in 
motion, bringing tlie screw on the upper end of the spindle iuto action, gradually 
raising tlie propcller uiitil the lower end of tlie spindle is withdrawn from the hole in 
the cap i ,  wlien the thermometer proinptly turns over and registers tlie temperature 
by breaking the column of mercury at t>e point a, the column then falling to the 
bottoiii of the tnbe. The scale can' be read a t  any time, providing the thennometer 
lias been kept bulb up, as changes of temperature do not aEect the readiug after the 
column is once broken. 

READING LENS FOR THE TANNER THERXOMETER UASE. 

It, is a difficult thing to hold a thermometer vertically :~ud exac:tly opposite tlie 
eye, sotne observers tippiug it forward a little, and snirie backwnrd, with a consequent 
change in the apparent relative positions of the top of the 
iiiercury columii and of the scale behind it. Dr. Kidder 
tested a number of different observers aiid found tlint the 
probable parallax error in reading, by those who use the 
thermometers in practice, is not far from 0.30. While 
this error is of little moment in the ordinary temperature 
observations i i i  air or at the surface, it assumes greater 
importance i n  the deep sea, where variations in tempera- 
ture are slight, and, to eliminate errors of parallax as far 
as possible, he iutroduced a reading lens made by Mr. 
Joseph Zeutmaycr, of Philadelphia, which Ire describes as 
follows : 

Tlie lens is about 3 inches focal length, fitted a t  right 
angles to tlie center of brass saddle adapted to the con- Crri. 47.-Re&ditig lens for l'an- 
vex surface of the tlieriiiometer case, and provided \lTitli 
a s l~ort  draw tube for focusing. The eyepiece opening is made sinaller than the pupil 
of the eye, and there is therefore no mriation in the reading, \vhatover may be the 
inclinatioii to the perpencliculnr a t  wliicli tlie scale is viewed. Tlie maguifying power 
of tlie lens inalrev i t  much easier tlisn fornierly to read the temperature to fractions of 
a degree. 

llw thennomotor C m .  
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T H E  MILLER-CASELLA DEEP-SEA THERMOMETER.  

Plate XXII shows this thermometer in the copper case used for deep.sea work; 
also partially dismounted to show the form of construction. The imgnet seen 
between the two instruments is used to adjust the indices. 

The following descriptiou is from Sigsbee’s Deep-sea Sounding and Dredging, 
page 108: 

A glass tube bent in the form of U is fastened to  the vulcanite frame, and to  the latter are 
secured white glass plate8 containing tlie graduated scales. Each limb of tlie tnbe terminates in a 
bulb. A colnmii of mercnry occupies the bend and a part of the capillary tube of each limb. 

The large bulb and its corresponding limb above the mercury are wholly,flled with a mixtnre of 
creosote and water; the opposite limb above the mercury is partially filled with the same mixture, 
tlie remaining space therein bcing occupied by compressed air. In  the mixture, on each Bide, is 
a steel index having a horsehair tied around it near tlie iipper extremity. Tho onds of the elestic 
horsehair, being held in a pendant position by tlic inner walls of the tube,,excrt enough pressure 
t o  oppose a frictional resistance t o  a movement of tlic index in  elevation or depression. As thus 
described, the instrnment is a self-registering maximum and minimnm thermometer for ordinary 
use. The indications are given by the expansion and contraction of the creosotc and water mixture 
in  the large full bulb. 

The instrument is set by bringing the lower end of tlie indices in  contact with the mercury by. 
means of a maguef provided for the purpose. Then, when the instrumcnt is submitted to  a higher 
temperatiire, tho expansion of the mixture in  tlic largc bulb tlepresses the cohinin of mercury on that  
side aud correspondingly elevates i t  on the other Hide. A decreatle of temperatiire contracts the 
mixture in  the large bnlb, and by tlie elastic force of tlie compresscd air in tlie sinsller bulb a 
transference of the column of mercury takes placc in precisely the reverse manner to that  which 
occurs on u rising temperatiire. Thus the mercury rises in the left limb for a lower nnd i n  the riglit 
limb for a higher teinperature. The greater the  change of temperature the higher the point reached 
in the respective limbs; liunre the scule on the left is  gradnatetl from the top downward, and that  on 
the right from the  bottom upward. The rising of tho mercury in  eitlier limb carries with i t  tlie 
index of that  limb, and on the retreat of the morcnry tho index rcmains at the highest point a t tahcd.  
The bottom of the index, bcing tbe part which has been in contact with tlio mercury, gives the point 
at which to take the reading. 

The large bulb of this thermometer is now protected from pressure by a glass 
shield which surrounds i t ;  the space between the shield and bulb is nearly filled with 
alcohol, which acts as tl transmitting medium for temperature, performing the same 
function as the mercury in the shield of the Negretti SC Zanibra thermometer. The 
shield above mentioned has added much to the value of the instrument, as i t  has 
practically eliminated errors arising from varying pressures. 

This thermometer has been considered the standard for deep-sea work, and when 
several were to be sent down to great depths on the same line it was unrivaled until the 
present improvements in the methods of capsizing the Negretti SC Zambra thermometers 
were introduced. It is not as sensitive as the Negretti & Zambra, but under the above 
conditions a delay of a few minutes is not of great importance. 

The movable indices are a fruitful source of annoyance and vexatious delay. An 
index may, without apparent cause, absolutely reEuse 60 move in the tube; coaxing 
with the magnet is followed by lightly tapping the frame in the hand or swinging it 
rapidly about the head, and if this fails more vigorous tapping is apt  to follow with 
various active measures, none of which tend to improve the general condition of the 
instrument. The indice8 are also liable t o  move if the instrument is subjected to rough 
treatment, although this is not of frequent occurrence with careful handling. 

Most of the minor casualties to which the instrument is liable are apparent to the 
eye and are readily adjusted. 
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KIDDER'S THERMOMETER COMPARISONS AND CORRECTIONS. 

Surgeon J. 33;. Kidder, U. S. N., had charge of the therinometers of the United 
States Fish Uommission from 1S83 to 1585, during which time he coiripared every 
instrument before it was issued for service. Since them they liave been corrected 
by the United States Westher Bureau. Kidder's nietliods' and appliances mere 
sufficiently simple slid eff'ective to servo as a guide for the preparation of similar 
apparatus on sliipboartl. The substance of the 'following is taken from his report 
on the thermometers of the United States Commission of Fish and Fisheries, 18SB. 
He used two Fahrenheit standards, made by J. Hicks, London, and verified at  the 
Kern Observatory. They were pointed to fifths of a degree, and a good reading could 
be made to tenths of a degreo; they raiiged from 100 to 1200 F. 

A sinall comparing jar mas first used, in mliicli the instruments to be corrected 
were immersed with the staiidarcl. A ring stirrer WLS provided, and the jar liad a 
wooden cover perforilted with suitable holes to allow 
the instruments to pass through and hold tlieni in 
place. By agitating the stirrer up and down, the wiiter 
contained in the vessel mas thoroughly mixed and a 
uiiiform temperature obtained. This simple contriv- 
ance answered very me11 for ordiiiary thermometers with 
bulbs exposed directly to tlie water, but admitted only 
two or three instruments a t  a time, owing to the com- 
paratively small volume of water which i t  contained. 
A larger jar with a capacity of 22 gallons was subse- 
quen tl y used. 

For tlie 6 '  zero point," or 380 F.! the thermometers 
to be tested were iinmerseil in finelybrolren icct (*nit- 
tained in a large glass percolator, 18 inches mid & 1)y 
12 inches cleop, with i L  sinal1 opening a t  tho bottoui for 
the escape of water as fast as tlie ice melted. This 
percolator is supported upon a suitable iron tripod and 
holds 8 tliermometers without crowding. 

For deep-sea thennometers, w~iich are protected 
against water pressure by doublo glass bulbs and which are therefore slow and require 
exposure to a, constant temperature for a t  least 10 minutes, Prof. T. Russel's comparing 
jar was used, a sectional elevation of which is s h o \ ~ n  in cut 40. 

The outer c:in A is of galvanized iron, 134 inches high by 11 inches in diameter; 
B is an earthenware jar, 11 inches high by 8 inches in diameter; 0 is a tinned copper 
pot, fitting pretty closely into B and suspeuded by a flauge a t  the top. Inside of (3 
is a copper frame, movable about a central spindle, to wliich tlie tliermonieters are 
attached. A ring stirrer moves in  tho space between A and B, oxid another between 
C and tlie tliermometer frame. When the temperatures to be observed are below thatt 
of the air, tlio spaces between A and 1s and within 0 are filled with water, that  in the 
outer space being froni 50 to 100 colder than that in contact with the thermometers. 
It is advised that they should be immersed for a time in water near the temperature 
sought before transferring them to tlie compariug jar. 

By agitatiug both bodies of water briskly with the stirrers and observing the 
stamlard therniometer in t h e  inlier jar from time to time, a sensibly constant tempera- 
ture will at length be leached, a t  wliicli the gain in temperuture of' the water in the 

- 
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inner jar by contact with tlie warmer air a t  its surface is very satisfactorily compensated 
by its loss through the air space betwee11 I3 end C: and the badly conducting walls of 
B. For temperatures higher than that of' the air the water i n  the outer jar must be 
warmer than that in the inner. No positive rules for differences in the temperatures 
of the water in the inner an outer jars can be established, yet it may be said, in 

gencral teruis, that the greater the  difference 
betweeii the teinperature of the air and that 
desired for comparison the greater should be 
the difi'erence between tlie temperatures of 
water in the outer and inner jars. 

To avoid pnrallas error in reading, the jars 
were leveled and readings taken by aid of a hand 
lens, with the eye arid top of the mercury column 
at  the level of the top of the outer jar, across the 
two sides of wliicli the reading is sighted, tlie 
tliermoineter being held in contact witli oiie of 
the walls of the jar and parallel witli the central 
spindle of tlie frame to insure its perpeiidicu- 
larity. Comparisons of readings takeii in this 
simple way mitli readings taken by the cathe- 
tometer, the tlierinometer being secured in a 
perpendicular position, show no perceptible 
error. When issued, each thermometer was 
accompanied by a prin ted blank corresponding 
to a stub slip in tlie rating book and filled out 
for each point a t  which D comparison was made. 

The f'ollowing adinirnble article (pp. 30-336) 
upon the mctliods of thermometer correction 
is kindly contributed by 0. 17. Marviii, professor 
of meteorology Uiiited States Weather Bureau, 
and seords valuable 'informatioil regarding the 
pliysical principles involved as well as their 
practical application in the comparison and cor- 
rection of thermometers. 

N O T E S  UPON T H E R M O M E T E R S  AND HOW T O  D E T E R M I N E  T H E I R  ERRORS. 

A clear understanding of the methods employecl in determining tlie errors of 
thermometers can not be ob tained without a correct coiiception of the physicd prin- 
ciples involved in the ineasuremeiit of temperature and the aotioii of theriiioroeters 
in general. The following remarks will therefore preface n tlescription of tlie methods 
employed a t  tlie United States Weather Bureau for comparison of thermometers: 

The several scales of units employed in the nieasureiiieiit of temperatures are 
all based upon two definite temperatures a t  which certain siinple and easily reliroduced 
physical phenomena invariably occur. The melting of ico formed from pure water 
furnishes one of these temperatures, called, generally, the freezing point. The second 
definite poiiit in  the scale of temperatures, naxneIy, the boiling point, is established 
in the teuiperature of the steam from pure boiling water. 
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To accurately reproduce a standard boiling-point temperature it is necessary that 

the esca,ping steam be sub,jected to a pressure equivalent to the pressure of a vertical 
column of pure mercury 7G0 millimeters high, wlieu its temperature is at the freezing 
poilit, and under a gravity equal to that a t  sea level and at latitude 450. 

The temperature interval between the freezing and boiling points 011 any tliermo- 
metric scale is, therefore, established by two definite physical phenomena. The 
subdivision of the interval into sillall and convmient units is purely arbitrary and 
need not be considered here. 

The errors to which the ordinary mercury in glass thermometertj are subject are 
the result of three wholly different causes. The sources of errors are: 

(1) The inequalities in the diameter of the bore of the thermometer from point to 
point along tlie stem. Tubes can not bo produced of absolutely uniform diameter, and 
where the diameter is large, unless compensated for in tlie graduations, tlie tempera- 
ture indicated will tend to be too low, and too high where tho bore is narrow. We may 
include in  this source of error any accidental irregularity in the scale of graduations. 

( 2 )  The second source of error is found in the character of the expansion of t h e  
mercury itself. The amouut of increase in volume for a sinall increase in temperature 
is not exactly the same at low and high temperatures, ant1 the error due to this cause 
is further modified by tlie irregular expansion of tohe glass envelope, No two kinds 
of glass mill expand in quite the same way. 

(3) A third sourcc of error arises from a small, protracted, end graclual shrinkage 
of the glass in  the bulb of the thermometer. Different varieties of glass exhibit 
marked ditl'erences of behavior in this respect. A tlierinometer heated to the boiling 
or otlier high temperature to-day, and whicli registers correctly when tested at t h e  
freezing poilit Fill, a month hence, when agaiu tested at the freezing point, often be 
found to indicate one or two tenths of a degree too high. 

It results from the second source of error mentioned above,. that, even if a 
mercury in glass thennometer be constructed witli the greatest care, its freezing and 
boiling points fixed with extreme precision, and its scale of graduations adapted to 
perfectly compensate for inequalities in the bore, the instrument will yet fail to 
iudicate temperatures correctly, because of the varisble rate of expansion of mercury 
combined with t h e  nnknown and more or less irregular behavior of the glass envelope. 

It is necessary to have recourse to  some other standard for comparison. For- 
tunately, the expansion of dry air, when free from carbonic acid, or better, of pure, 
dry hydrogen, is found to be almost perfectly regular over a very wide range of 
temperatures arid is, therefore, capable of being a true index of temperatmure. The air 
thermometer, then, is the standard instrumcnt colnmonly adopted for the measurement 
of temperature. I t s  use, however, being a matter of considerable complication, t h e  
errors of siiitable high-grade mercurial thermometers are determined once for all 
with groat care by extended comparisons with the air thermometar, ~vlieroupoii the 
mercurials are available for convenient and frequent use as working substaridards 
represeiiting the air-thermometer scale. 

The difference between temperatures on the air thermometer soale and a normal 
mercury in glass thormonieter may arnoiirit to nearly two-tenths of a degree at ordinary 
temperatures and is much greater at temperatures above the boiling point. 

It is advisable in all cases that the gradustioiis of Jnercurial a8nd otlier similar 
thermometers be etched on the stem and not engraved on a separate strip of wood or 
metal, as is often the case. 
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COMPARISON .OF THERXOMETERS. 

We determine the error of a thermometer at the temperature of the freezing point 
by completely covering the bulb and that portion of the stem containing mercury with 
clean ice shaved up into fine fragments by a jack-plane. This test must be made i n  a 
place where the air temperature at tlie time is above the freezing point, so that the 
ice will melt steadily. After being exposed to this condition for five or six minutes a 
<eading of the tliermometer shows whether or not it is correctly graduated and the 
amount of any error that may exist. 

For any other temperature than freezing, except the boiling temperature, the 
thermometer to be tested and a standard are placed in a bath of water, if the 
temperature is above freezing, or of al~oliol if below freezing. The liquid being 
tlioroughly stirred so iis to render the temperature uniform throughout, a quickly 
made reading of tbe two thermometers shows the amount of error in the graduations 
of the one under test. 

When a large number of instruments are to be compared with standards, as is the 
case at the Weather Bureau, the thermometers are collected together in bunches of 
12 each. Only the glass tubes are placed in the bunches, the metal backs of tlie 
thermometers being removed during comparison, not only to avoid bullriiiess but to 
prevent the injurious effects and slight corrosion of the metal caused by the water 
and alcohol baths. The bunches are formed upou flat niet:il frames adapted to 
receive six thermometers on each face, froii t and back, tlie thermometers being held 
by rubber bands. 

For the freezing-point test a small wooden box 5 inches wide, 4 inches deep, aiid 
18 inches long is employed. To permit the water from the melting ice to escape, the 
bottom is pierced with irregularly distributed holes 1 iiicli in diameter and about 29 
inches apart. This box is nearly filled with clean, shaved ice, bunch after bunch of 
tliermometers are placed therein and new ice added and packed closely mound each 
thermometer and piled up above the sides of the box until the bunches are wholly 
covered, being supported by the ice. 

The readings of the thermometers are then made and recorded, the ice being 
scraped away so as to expose the stems in the vicinity of the ends of the mercurial 
columiis. A small eye-lens is a,lways employed to assist the vision and to insure that 
the line of sight is exactly at right angles to the stem of the thermometer. 

This reading glass consistsof a small lens having ;I focal length of about 1% 
inches. It is set in R brass tube 8 inch in diameter and 3 inches long. The lens is 
about lg inches froin one end of the tube and the opposite end islclosed by a metal 
cap having a small hole in the center, about one sixteenth of an inch in diameter. In 
reading a thermometer the open end of the brass tube is set squarely against the 
glass stem wbile the eye sights through the small hole i n  the cap. The eye estimates 
fractions of a degree to the nearest tenth, or, i f  the graduations are halves or fifths of 
degrees, then the estimation is to the nearest liunitretlth of a degree. . 

The tests at the freezing temperature are followed by tests a t  temperatures 420, 
520, and so on, for every ten degrees up to 1020 or 1120. The apparatus employed 
consists of two cylinrlricnl copper cans, one within the other. The outer can is 12 
iriclies in tlialiieter, the inner 8.5, and each is 13 inches high. Three feet upon the 
bot,tom of the inuer can inalre a space of three.quarters of an inch between the bottoms 
of the two vessels. The inside vessel is fitted with a light metal frame in the form of 
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a square, with one side removed and having three prongs or arms with notches a t  the 
ends tliat fit over t h e  rini of the can. The frame is thus supported over the center of 
the vessel and on a level with its top. Two bunches of thermometers may be placed 
within the opeu square, the sides of which are provided, in addition, with several holes 
three-eighths of an iuch in diameter, through one of which is placed the working 
substandard, as may be most convenient for use during comparisons. A short fragment 
of small rubber tubing slipped over the stem of the substandard prevents it from 
passiug entirely through the relatively large hole in tlie frame and permits placing 
the bulb of the uubstandard a t  the same depth in the can as those of the bunched 
thermometers. These latter are submerged to within about one-half iuch of the top 
of the stem. 

The two cylindrical vessels are not fastened, the oiie to the other. The smaller 
sets loosely b u t  about centrally within the other. Each is fitted with a dasher for 
effectually 8tirrjng the water, with which both vessels are filled brimming full. These 
dashers consist of annular brass plates fitted with an upright rod of brass attached at  
one side and reaohing just above the top edge of the vessels, respectively, where a 
large thumbscrew heat1 is attached that facilitates grasping the dasher. The dasher 
in the outer vessel traverses the annular space between the two; that within the smaller 
vessel encircles the bunched thermoineters hanging in the center. The comparator is 
placed within a shallow tray of the photographer’s type, to retain the water which may 
accidentally slop over. 

The comparisons require the services of two persons-the observer arid the recorder. 
The numbers of the twelve thermometers constituting a bunch are recorded in the 

record book of observations iu two groups of six numbers each, representing the six 
thermometers 011 one face of the bunch. An additional space hi each group contains 
the number of the substandard used in tlie comparisoii, and the two groups are dassed 
together uiider a iiuinber correspoiidiug to that stamped on the metal plate of the 
bunch; the side bearing the number is the front, tliu other is the back. 

The coinparisous, for example at  420, are made as follows: Two bunches of tlier-, 
morneters and tlie substandard are placed in the bath. Ice in small fragments is 
added to the water until the temperature is less than half a degreo above or below 
430. A slight excess of ice is allowed to remaiii, and if the room i i i  which the compar- 
ison is made is comfortably warm tho temperature of tho water in the outside vessel 
is regulated to be lo or 20 lower thau that of tho iiiside vessel, in order to lessen tlie 
tendency of the temperature of the baths to rise. 

The water is stirred actively by hand, and when tho temperature, by a few prelim- 
inary readings of the substandard, is see11 to change very little the stirring is suspended, 
a careful reading of the substandard is made and recorded, aud immediately followed 
by recording the readings of the six thermometers on tlie face of the first bunch, which 
is lifted in tho water a little so as to expose the tops of the columns. The bunch is 
turned back to the front, the water thoroughly stirrcd, the substandard and tlie six 
thermometers on the back of the bunch read and recorded. The bunch is removed 
from the water, which is again stirred, arid readings of the second bunah art3 made 
and recorded in precisely the same manner. 

When special accuracy is to be attained tho readings ;It each temperature m e  
repeated a8 many times as may be desired. 

The temperature of tlie water betlis is iucreased by replacing a portioii of their 
contentfi, withdrawn by a siphon, with hot water. 
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When comparisons are made at  tcmpcratures below freeeiiig, the low-temperature 
comparator has been found to answer all requirements in a inost admirable inaiiiier, 
and has been used to produce temlmatures as low as 650 P. below zero. Still lower 
temperatures, i t  seems, are easily obtained, though up to this t ime 110 occasion to go 
to lower temperatures has arisen. 

The annular iron $ask A is made of the best iron boiler-flue tubing, strongly fitted 
with the hcadpiecea b b'. The outside diameter of the two tubes is, respectively, (i 
end 9 inches, the flask being 0 inches high and contaiuing about 1 gallon. The whole 
stands within a copper can, itself placed witliiii a larger wooden jacket, the interspace 
being filled with cotton. A top plate of metal, c G, partly covers the can, t o  which it 
is tightly screwed, leaving a circular opening a t  the center of about the same diameter 
as the inside of the flask A. The whole is again covered, except the opening, by a 
loosely fittiug wooden plate, LO w, The alcohol with which the can' is Illled can be 

CUT 50.-Low-temperaturo comparator. 

stirred in a most thorough manner by means of a disk dasher, S ,  moving near the 
bottom of the can and within the iron flask. This passes the alcohol in a rapid 
manner from the inner portion to the outside around the iron flask and vice versa, with 
the most satisfactory results. 

The iron flask, by means of the screw-threaded outlet of its valve, can be joined 
by a very short piece of pipe to a flask of ammonia, which, in this case, must always 
be upside down in order to run off the liquid. If the flask A contains air, generally 
only a small quantity of liquid ammonia will cuter, and this is best efl'ected by opening 
the valves quite promptly. To further chargc the flask it is first necessary to drive 
out the air, for which the stock ammonia flask i$ disconnected aud a rubber tube or 
other outlet attached. The ammonia in the gaseous state, wlien permitted to escape 
from A,"carries with it tlie air also. The temperature of the alcohol is gradually 
lowered, and if an additioual supply of ammonia is needed any quantity may be 
drawn from the supply flask out of which tlie ammouia will now be strongly forced by 
its greater vapor pressure, due to the difference of temperature of the two flasks. 
The ammonia gas is best disposed of by passing it into a bottle or other vessel of 
water, which is thus, in time, converted into excellent aqua ammonia. 
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One call judge of the quantity drawn OK only by the sound and such circuni- 
stances. A uote, however, is always kept of the weights of the stock flask, giving 
not oiily 11ow iuuch lias been withdrawn, but its present contents as well. Between 
4 and 5 pounds of ainmonia are sufficient to lower the temperature to -650 and work 
at various intermediate temperatures for several hours. The temperature can be 
readily lowered to any point down to - 2 0 O  I?., simply usiug the rubber tube and 
water vessel. At  this point, however, the escape. of tho animonia gas is slow, owirig 
to its diminislied pressure. The pump shown a t  I' is then brought into requisition. 
The diameter of the barrel is nearly 3 inches and the coustruction is somewhat 
peculiar, there being but one valve. Connectiou with the flask A is made at the top 
of the pump, the communication with the inside being through the small holes near 
the top of the cylinder. The piston when in its highest position is above these holes. 
A t  the bottom of the cylinder is a large, flat valve, closing upward with gentle 
pressure. From the valve way the passages to the outside are seen in the side view 
of this portion of the pump. The valve itself is pierced with a small hole of only 
about one-sixteenth inch diameter, and the mho10 pump is securely fastened inside a 
bucket or similar vessel marly filled with water, which makes its way into the pump 
through the small hole iu the valve; in some cases of low inside pressure quite a 
fountain-like jet of water is formed. With the piston in its highest position the 
ammonia has free communication to the pump cylinder and is rapidly absorbed by 
the water which is readily renewed by emptying the cylinder with a stroke of the 
piston. The absorption of the ammonia by the water is very vigorous generally, 
and the number of strokes of the pump necessary to dispose of a comparatively large 
volume of gas is correspondingly small. 

The pump is remarkably effective, though when not in action the piston must 
be secured iu a lowered position in order to preveut the rise of heated water into the 
tube and possibly the flask A, though tho valve of the latter is generally kept closed 
when the gas is not being drawn off. During the escape of the gas the flask and its 
contents are always noticeably colder than the alcohol, so that it is easy to secure 
very nearly a stationary temperature of the latter for several minutes, shortly after 
the valve is closed. 

Except as otherwise specially mentioned all measurements of the differences in 
level of the mercurial columns were made with a most excellent and substantid 
cathetometer made some years since by the Sociktb Genevois. The vertical bar is a 
cylinder supported on sharp cones a t  both top and bottom. The two telescopes are 
each fitted with excellent micrometer eyepieces. Only one of these was used, and its 
micrometer screw was examined for errors, which were found so small as to be quite 
unimportant, and no correction for this was necessary. Except in the very first 
work the distance of the manometer tube8 from the objective was 359 mm., and the 
micrometer reticule was 340 mni. from the objective. The image, therefore, is about 
the same size as the object. 

Many determinations of the value of one divisioii of the micrometer were made 
during the progress of the work, with only very slightly different results. One 
division corresponded almost exactly to 0.005 inm., and this could be subdivided to 
tenths by estimation. 

The 
level was at all times carefully watched and sometimes recorded, but corrections for 

The value of one divisioii of the telescope level was nearly three seconds. 
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errors of this kind were always uunecessary, as the cathetometer in this respect, as 
in all others, has proved to be a most perfect instrument. 

The comparisons of special forms of thermometers require slight modifications of 
the processes that have been described. 

Alcohol thermometers are much slower in changing temperature thau mercurial 
thermometers, both on account of the less couductivity of the liquid and because of 
the adhesion of liquid to tlic walls of the stem. Time must be allowed for the liquid 
to drain down when observations are made uuder conditions of falling temperature. 

Maximum thermometers are uot as a rule compared below freezing, aud require 
a special apparatus for whirling them while packed in ice. The teinperature of the 
water baths should be allowed or caused to gradually increase while comparing maxi- 
mum thermometers. 

The upsetting deep-sea thermometers, owing to the peculiar construction of the 
bulb, require prolonged exposure in ice; about a half hour is allowed, to make sure 
that the bulb is ?t a true freezing temperature. The bunches of these thermometers 
contain only six instruments, three 011 a side. The bunch is upset while still packed 
with ice, which is then partially removed for reading. A t  other temperatures orily , 

one large vessel of wster is used. After about five minutes exposure to :I statioriary 
temperature, the water being thoroughly stirred, the substandard is read, the bunch 
upset in the water, and readings made and recorded. 

REDUCTION OB’ OBSERVATIONS. 

Each substaudard, after comparisoii with the air thermometer, is provided with 
a table of normal corrections, bu t  these for conveuience are computed 011 the supposition 
that the correction at the freezing point is 0.00, for the reason that, as already pointed 
out under LcA third source of error,” 011 page 331, tlie correction at the freezing point 
is apt to change from time to time, especially after the substandard has been used at  
some high temperature, say 1300 F., or more. When any doubt exists as to what 
corrections to apply to the indications of the substandard, it should be tested a t  the 
freezing point. Suppose we fiud the thermometer reads 0.23 of a degree too high, 
the true correction a t  the freezing point is tilerefore -0.230, and this amount must 
be algebraically added to each cor’rectiou given in the table of normals. 

The recorded readings of the substandard beiug corrected by the applioation of 
the corrections found in the above manner, we have the true temperature of the water 
according to the air-thermometer scale during the several comparisons. The oorrectioii 
of a thermometer a t  the temperature of oue of these observations is the quautity 
which must be algebraically added to its readiug in order to  make the reading indicate 
the true temperature of the water, that is, to make the reading agree with the corrected 
reading of the Hubstandard. 

Thermometers require recornparison from time to time, b u t  only at the freezing 
point. Whatever change in tlie correction is found necessary at this point must  also 
be made in each of the other correctious found in the original comparisons. This is 
explained in the remarks about the corrections to be used with the substandard. 

When a greater or less portion of the mercurictl column in the stem of the ther- 
mometer is exposed to a different temperature thau the bulb, the indications are 
slightly in  error aud a correctioir should be applied. This is sometimes necessary in 
the use of long substaudards. It is to be avoided as far as possible. 
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DENSITY OF SEA WATER. 
The denxity of sea water in diKerent latitudes and at dif-ferent depths is an de-  

ment of so great importance in the study of ocean physics as to have caused a great 
deal of atteution to be paid lately to its determination. The instruments eniployed 
for the purpose have been, almost without exception, areometers of various forms. 
The diEerences of density as arising from saltness are so small that it is necessary to 
have a very sensitive instrument. As the density of ocean water at the temperature 
of 150 C. only varies between the limits 1.033 aud 1.028 i t  is necessary, in order to 
determine dif-ferences to the hundredth part, that we should be able to observe 
accurately the half of a unit in the fourth decimal place. This gives a great exten- 
sion to the scale and involves the use of a series of floats if the scale starts from fresh 
water, or else the instrument assuuies dimensions which make i t  unfit for use on 
board s h i p  

With a view to the convenient sdaptatioii to practical use, a salinometer (plate 
XXIII) was devised for the Coast Survey by Prof. J. E. Eilgard, which was subsequently 
adopted for use on board the vessels of the United States Fish Commission. B'ahren- 
heit thermometers were used, and the densities given by the graduation of the hydrom- 
eter were referred to pure water at GOo 3'. The centigrade scale was adoptecl by the 
Uoast and Geodetic Survey and by the United States Fish Commission in 1890, and 
all hydrometer observatioiis since then are referred to that scale, the demities being 
reduced to the temperature of 150 C .  referred to pure water at 40 0. 

Hilgmd's oceau saliriometer is composed of' a series of' cylindrical glass floats num- 
bered 1,2, and 3, respectively, their bodies 44 inches in length by 14 inches in diame- 
ter, the steins 44 i~iches in leiigth and inch iu diameter, the scales beiug marked on 
the iiiterior of the stems. The range of No. 1 is from 1000, or fresh water, to 1011; 
No. 2 from 1010 to 1021, aiid No. 3 from 1020 to 1031, which gives sufficieiit range froin 
fresh water to A t ,  including the effect of temperature. Each unit in the third place, 
or thousands of the deusity of fresh water, is represeuted by a length on the stem of 
0.3 of ail inch, which is subdivided into five parts, admitting of an accurate reading 
of a unit iii the fourth place of deciiuals by estimation. 

The vessel for holding the specimen of water is of copper, cylindrical in form, 9Q 
inches in length and lk inches in diameter, with a base of 3$ inched. The water cup 
itself is 88 inches long and 15 inches in diaineter. Tho attached thermometer is 
inclosed within a water-tigli t, glass-faced frame, secured to the cylindrical body of 
the cup, a section of the latter being removed to allow free circulatioii of water 
between its interior and the thermometer. The temperatures are read through the 
glazed front. The floats are packed separately i i i  18 by 102 iucli tubes or cyliuders of 
tin, iu whivli they are protected by cotton, and the stems have additional protection 
of hollow, cotton-liued, wooden sleeves, which envelop them, slip inside of the tin 
tubes, and impinge upon balls of cotton, with which their covers are liued. 

A working set of three floats and a cup, the former in their tubes of tin, are 
packed iu neatly fitting woolen.lined apertures in :b handy wooden box 11 iriches long, 
10 inches wide, and 4 iriches high? inside measurement. Spare floats are also provided 
with tin tubes, in which they are always packed, either for trausportation or stowage. 

BY. c. u. 1808-22 
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To observe the specific gravity of a specimen of sea water, fill the cup, clean and 
dry the float, lower it carefully into the water, causing it to overflow from the top of 
the cup, and, when the float has come to a rest, read off the scale a t  the surface of the 
water, not from the water immediately surrounding the stem, where it is slightly 
elevated by the effects of capillary attraction; note temperature of water by attached 
thermometer, and correct observed density by means of subjoined table. 

As before stated, the variation in specific gravity of sea mater is so small that the 
greatest accuracy is required to give value to observations, und experience alone will 
teach the observer how difficult it is to obtain satisfactory results on shipboard mhen 
the vessel is under way, particularly if there is much motion. I n  order to avoid this 
fruitful source of error, a supply of the best quality of glass bottles, with ground-glass 
stoppers, were procured from the manufacturers, C. Dorflinger & Sons, who describe 
the material as follows : 

This grade of glass is what is called “lead g1866” and has been mado espccially for tho work of 
the United States Fish Commission and the National Museum. It is B glass that is very suitable for 
making specimen jars and work of this character, and is composed of smd, red lend, pearl ash, nitre, 
arsenic, and manganese. The quantity of arsenic is so small  that it  burn8 out in the melting and 
there is no trace of it  in the glass, neither is there anything in it that ECB water will affect. 

The water specimens are carefully sealed in‘ these bottles until calm, smooth 
weather, or till the vessel reaches port, when the temperature of the specimens is 
brought as nearly to the required standard of 150 C. as  convenient and the densities 
carefully observed. It has been said that the stoppers might not be tight, foreign 
substances might be accidentally introduced into the bottles, or that the sea water 
might attack the mat’erial of the glass itself, thereby changing the specific gravity, 
all of which might have happened had not proper precautions been taken. 

I n  the first place, the quality of glass is proof against the action of sea water, 
at least for the short space of time the specimens ’are exposed; the bottles are carefully 
cleansed and dried before using, and they are sealed with as much car0 as though they 
contained volatile matter. The water specimens are retained no longer than necessary, 
usually from a day to a week, never more than two weeks, and the densities are 
observed with great care, under the most favorable conditions. 

Rear-Admiral Makarog, Imperial ltussian navy, author OP Le Vitiaz et POcean 
Pacifique, St. Petersburg, 1894, and one of the highest authorities on the specific 
gravity of sea water, thought the salinometer cup was too small, but his opinion was 
based upon a casual inspection only, as he had never seen it in operation. I ts  adoption 
by the United States Coast Survey and Fish Commissioii was upon the approval of’ 
the most eminent physicists in the United States, and it has been in constant service 
for many years without eliciting unfavorable commeiit in a single instance; 0x1 the 
contrary, it has been commended iu the highest terms as the most simple and thoroughly 
practical appliance ever introduced for the purpose. 

The table for the reduction of observed densities to 160 0. is taken from Dittmar, 
Physics and Chemistry, Challenger Expedition, vol. 1, after applyiug to his densities 
one-half of the correction given by him for reducing them t o  Thorpe and Rucker’s 
results. The temperature at which’the density of standard water is 1.02600 has been 
shifted froin 15.560 to 150 C. for the sake of getting an integer nuniber. The table has 
been rearranged so as to give the densities of the standard water multiplied by 1000, for 
whole degrees arid tenths from,OO to 30.90 0. on one page. The values given should 
have the figures 10 prefixed; these are omitted for brevity’s sake. Thus in the table 
the density for 2.50 is printed 27.92, but this must be uuderstood to meau 1023.02. 
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The ratio designated q~ ( t )  by Dit,tmar is omitted, and only its reciprocal is given 
in the column headed m. The valpes there given appertain to the temperatures on 
the mme horizontal lines given in the first column. The use of this function is 

‘illustrated in the examples in which it appears as a multiplier for the purpose of 
allowing for the different rates of expansion between standard mater and the water 
the density of which is beiiig determined. 

The last column has been added to this table for convenience, and gives the 
correction for chariga iu the volume of the hydrometer itself. The values given have 
been computed for the mean reading 1026, and with the assumed coefficient of cubical 
espansion for glass a=.OOOO25. 

Table for rediccing densities of sea water lo 1 5 O  C. 
- 

0 

- 
0 
1 
$2 

8 
4 
B 

7 
8 
0 

10 
11 
12 
18 
14 
115 
10 
1 7  
18 
10 
20 
21 
$22 
28 
24 
26 

87 
28 
20 
80 

a 

20 

- 

.O 

28.02 
. 0: 

27.0f 
.8 i  
. It 
.0’i 
.5f 
.4:! 
.2E 
. 13 

26.01 
.I11 
.01 
.41 
.21 
. 00 

25.77 
.54 
-30 
.04 

24. 78 
* 52 
.25 

23. 90 
.67 
.38 
.00 

22.78 
.40 
.13 

21. RO 

.1 

28.07 
. 01 

27.90 
.87 
.77 
* 00 
* 55 
.41 
.20 
.11 

26.05 
.77 
.50 
.30 
.19 

25.08 
.75 
.52 
-27 
.Ol 

24.75 
.40 
-22 

23.03 
.04 
.35 
. 00 

22.75 
.43 
.10 

21.77 

28.07 
. 01 

27.05 
.86 
.70 
.05 
.53 
.40 
.25 
.10 

20.93 
.75 
.67 
.37 
.17 

25.95 
.72 
.40 
.25 

24.00 
* 73 
.47 
.10 

23. 00 
.O1 
.32 
.03 

22.72 . 39 
. 00 

21.73 

.9 

28. OL 
. O( 

27.04 
.E: 
.7e 
.04 
.52 
.3E 
.23 
. OE 

20.02 
.74 . G5 
.35 
.15 

25.03 
.70 
.47 
.22 

24.00 
.70 
.44 
.10 

23.87 
.58 
.29 

23.00 
22.08 
.30 
.03 

21.70 

.4 

28.00 
. 00 

27.02 
.84 
.74 
.03 
.51 
.37 
.2% 
.07 

20.90 
.72 
.53 
.33 
.13 

25.01 
.08 
.45 
.20 

24.04 
. 08 
.41 
.13 

23.84 
.55 
.20 

22.97 
* 65 
.33 
-00 

21.07 
- 

.G 

28.06 
27.90 
.02 
.83 
.72 . 01 
.50 
.35 
.20 
.05 

26.88 
.70 
.51 
.31 
.10 

25.88 
.05 
.43 
.17 

24.01 
.65 
.39 
.10 

23.82 
.68 
.23 

22.93 
.02 
* 20 

21.90 
.03 
- 

. -  

.a 
__ 
28.04 
27.0s 

.01 

.E: 

. I 1  

. G( 

.4E 

.34 

.19 

.03 
20. & E  
. oe 
.49 
.29 
.U8 

28.88 
.03 
.4u 
.14 

24.88 
.02 
.30 
.08 

23.70 
.60 
.20 

22. 00 
.50 
. 20 

21.03 
* 00 
- 

__ 
.7 

-- 

28.04 

.go 

.81 

.70 

.69 

.47 

.32 

.17 . 02 
20.84 

. 00 

.47 

.27 

. 00 
25.84 

. G 1  

.38 

.12  
24.86 

.BO 

. 3 3  

.05 
23.76 

.47 

.17 
22.87 

.60 
, 23  

21.90 
* 57 

a7. LIE 

- 

28. OR 

27.07 
.89 
. 80 

. 60 

.58 

.40 

.31 

.10 

. 00 
26.83 
.05 
I45 
.25 
.04 

25.82 
.50 
.36 
. 00 

-57  
.30 
.02 

23.73 
.43 
-14 

22.84 
.53 
. 20 

21.87 
.54 

24. $3 

- 

__ 
.0 

___ 
28.03 
27.97 
.88 
.79 
.68 
.57 
.44 
.30 
.15 

20.08 
.81 
.02 
.43 
.23 
, 0% 

25.79 
.50 
. 33  
* 07 

24.80 
.54 
.28 

23.00 
6 .70 
.40 
.ll 

22.81 
.50 
.10 

21.84 
,50 
- 

.051 

.056 

.DO3 

.907 

.973 

.970 

.080 

.083 

.980 

.080 

.005 

.007 
1.000 
1.003 
1.005 
1. O O i  
1.009 
1.011 
1.013 
1.015 
1.018 
1.020 
1.022 
1.024 
1.020 
1.021 
1.020 
1.031 

.ma 

.a la 

. ooa 

~ 

R 

__ 
+o. 38 

.35 

.33 

.30 

.27 

.25 

.23 

.20 

.17 

.15 

.13 

.10 

.os 

.05 

. o:! 

. 00 
-0.02 

.05 
.08 
.10 
.13 
.16 
.17 
.20 
.23 
.25 
. %i 
.30 
. 33  
.35 
.38 

The following directions are given to facilitate the use of the table : The observed 
specific gravity having been taken, record the rtctuid reading of the hydrometer and 
thermometer, and apply tho correction to the latter to get the true temperature t .  TO 
the reading of the hydrometer apply the correction a, for expansion of hydrometer, 
according to its sign, which will give the observed density a t  t = OD. The density of 
standard sea water a t  t = SD, and the difference between observed density and density 
of standard water at t = OD -SD, being multiplied by the tabular multiplier m, and 
the quotient applied to standard sea water at 180 C., according to its sign, gives the 
corrected density of the sample water at 160 C. 
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EXAMPLE I. 
0 

23.0 
-0.1 

22.9 
1021.00 
-0.20 

1020.80 
1023.99 

-3.19 

EXAMPLE 

0 

10.5 -. 2 

10.3 
1029.29 +. 12 

1029.41 
1026.92 

+ 2.49 

- 

_____. -- 

11. 

obs. temp. 
corr. to  thermometer. 

corrcctcd temp. = t. 
observed hydr. rcziding. 
COPT. for expansion of hydr. =a.  
corr. for hydromctcr constaut. 

observed density a t  t = O D .  
density of standard watcr a t  1 -SD. 

OD - SD. 
1.018 - ’ .Y87 nt, tabular multiplier. 

1026.00 1026.00 standard water a t  15O C. 

1022.75 1028.16 corrected density a t  15O. 

-3.25 + 2.46 m (OD-SD). 

-- 

For observation8 which have been rediiced to  60° I!’., made with the old hydrorueters indicating 
densities referred t o  pure wpter at 60° F., it will suffice to  subtract the constant 0.82 from the result 
in order to  convert tho  latter into absolute densities at 15O C. 

Example: Given 1024.00, the  density of salt water at 60° F. referred to  pure water at 600 j?., 
1024.00-00.82=1023.18, its density at 15O C. 

The above plan of  decimal notation in Examples I and 11, also in the table, is 
adopted for the sake of simplicity aud convenience. The corrected densities will, 
however, be recorded in the customary manner, as follows: 1.02275 - 1.02846. 

The remarks on reduction of observed densities, the illustrative examples, and 
table for reducing densities of sea water to 150 C. are taken &om Bulletin No. 18, 
Uuited States Coast and Geodetic Survey. 

SIGSBEE’S WATER-SPECIMEN CUP. 

The Sigsbee water-specimen cup (plate XXIV) or water bottle is designed to bring 
a specimen of water from any desired depth for the purpose of analysis or to determine 
its specific gravity. The valves are closed mechanically aud can not be opened again, 
except by hand. Therefore these cups may be used in series, any desired number 
being sent down on the same line. The water bottle is made of brass, except such 
parts as are mentioned as being made of other metals. The following remarks upon 
its working are taken from Sigsbee’s Deep-sea Sounding and Dredging, page 93. 

To adjust the valves hold the upper valve firmly, and unseat the lower valve by screwing it 
upward, the key (fig. 5) being applied to  the lower cnd of the valve stem f for the purpose. Then 
niaintaining the upper valve on i ts  seat with the finger, or, bettcr, by turning the screw cap down 
upon it, reseat the lower valve gentIy. In  general it wil l  be necessary to adjust the valve only afber 
the cup has been taken apart for cleaning or other purposes. 

The cup when i n  use comes to the surface filled with water, tho scrom cap prossing upon the upper 
valve, thus secnring both valves, and tho propeller resting upon tho screw cap. To remove the speci- 
men from the clip first lift the propeller, and by giving it a few turns cause its threads to ongage the 
screw threads on the shaft; then turn up the screw cap uutil it uncouples. With the cap in  this 
conditiou the valves may be liftod and the water discharged. When the screw cap is pressing upon the 
npper valve, the threads inside the former are engaged with‘the threads of tho shaft, bu t  on screwing 
up the cap, when its lolver thread clears tho upper thread of the correspouding series on the  shaft, 
the cap is uncoupled, which prevents any mistake being made a t  this point by the person handling the 
cup; afterwards the screw cap mag be turned in the same direction indefinitely without jamming or 
changing it8 position on the shaft. 



PLATE XXIV. 

I .  

L L  ; 

Fig. 4. 

’ FLg. 7. 

Fig. 5 0 
I 

F L ~ .  2 .  I- 
A g 3 .  @ 

THE SIGSBEE WATER SPECIMEN CUP. 

Nomenclature. 

8 .  @.winnu dilver 1111shi~g. 
t .  Geroinn silver screw CHI) with 

iiiilled Iieud. 
u. Uevelutl 810tH. 
v .  Iiisiile wrow tlirend. 
qu. Clninp I y w  
E. Clniup plvot HCrOW. 

. Brass pin. 
, Gerinau silver shaft. 

1. Screw tlirond (44 to the iiioh). 
TIL. .  Screw thread (44 to thuinoli.) 
,L. Gerninii silver propeller. 

p .  Iuside screw threrid (44 to tlio 

q. Guide cap. 

li. a. Cylinder. 
b. Zowcr vnlvo seat. 
c. Uetnelmble upper valve seat. 
d .  Upper poppet vnlvo. 
0. Lower poppet vnlvo. 

g. Qerrnan silver c o m ~ , r e s s i o n  

h. Tlie frni,re. 
i. Qerrnau~ilrerreniovnhles~oeve. r. Beveled l n g ~ .  

f. Vnlvo stern. 0 .  Hill,. 
spring. inch).  y. l’hosplior bronm clnuip wire. 
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With tho screw cap up and the propeller in  any position, the cup is automatic, and may, if 

desired, be lowered into the water with no other preparation; yet i t  is a good practice first to screw 
lip the propeller by hand to  observe if the thretids arc in perfect working order. Assuming the 
propeller is to be low down on the shaft, or even resting upon the screw cap, the action of the water 
is as follows: 

As i t  descends, the valves are lifted and held up by the resistance of the water; by the  same 
agency the propeller ie revolved and carried upward until, like the screw cap, it is uncouplcd, after 
which i t  revolves frccly on the shaft, impinging against t h s  German-silver sleeve i. If the propeller 
hub is allowed to  come in  contact with. the sleeve while the screw threads are still engaged, it may 
reruein impacted during tlie subsequent ascent. To insuro uncoupling at the proper time the gnide 
cap, which fits over the top of tho hub, must be set well home in its position, when the propeller is 
fitted to its shaft. It will be noticed that  the b1:tdes of the propeller are bent along their upper 
edges. With the blades thus bent, and all parts of the propeller made very light in weight, i t  has 
beep found experimentally that  the alternating movement of translation imparted to the submergcd 
cup by tho vessel’s motion in  a seaway will causc the propeller, whon engaged with the threads on the 
shaft, gradually to screw up rather than down. This shows that  stoppagee in the descent, whether to  
attach additional cups to  the ropc or wire, or for any purpose whatlever, may be made with safety if 
the vessel is kept idlc in the water, that is, without headway or sternboard. Were the blades not bout 
i t  is evident that  the propeller would gradually screw down by the same alternating movement, 
since its weight would assitrt its action h screwiug down, but  resiet the opposite motion. Even thus 
experiments have shown that  with thu alternating movcment continned for a longer time than 
would probably bo occupied by any stoppage, the propeller would scrcw down on the shaft only a small 
proportion of the distance to the ecrew cap. It is plain tha t  in the event of such action the propeller 
would rise and uncouple each tinie the descent was continued. However, tho bending of the blades 
insures safety, and the  valves are left free t o  open during the whole descent. A t  auy stoppage iu 
the descent each cup contains within its cylinder a specirncn of the water from its locality at tlie time 
being, allowing a margin of 1 or 2 feet. 

As soon as the  ascent is begun, the valves of each cup are pressed firmly on their seats by the 
retjistance of the water, awl each propeller begins to  screw down alorig its shaft m d e r  the same 
influcnce. 
thread on the shaft, the propeller uncouples aud drops upon tho screw c q ,  which i t  clutches. The 
screw cap is then carried down until i t  C O I I I O ~  in  contact with the upper valve, from which position i t  
can not bo rcmoved by the action of the water or of the propcllcr. Both valves being thus locked, 
stoppages may be made thereafter during the ascent without risking the identity of the inclosed 
spccimeu of water. 

The distance through which the cup must pass, in  order that  the propeller may traverse the shaft 
and lock tho valves, may bo varicd by :dtcring tho pitch of the propeller. As shown in tho drawing, 
the propeller would probably not perform its work short of 50 fathoms. I settled on about 25 fathoms 
as the distance most convcnicnt. With this distance it would not be prudcut to  require the iippei*moat 
cup to  bring a spocimcu from ncarcr the  surfttce thau 50 fathoms. I f  the propellers were arranged to 
lock tho valve in  art ascent of abont 25 bthoms, and the uplmrmost cup wero lowered only to a depth 
of 10 fathoms, for instancc, obviously whon thnt cup had arrived a t  the height of the vcssel’s deck 
the submerged cllps, having passed through a dist:mce of only about 12 fitthoms, would not hare 
become locked. Paoh cup, as soon as discharged, should be thoroughly rinsed i n  fresh wator. 

We have found these bottles to work satisfactorily for the purpose of collecting 
water specimens for specific-gravity determinations ; but they will not retain the gases, 
and are therefore not available for collecting specimens for chemical analysis. 

Experience has taught that it is advisable to reset the valves whenever the 
bottles are to be used, as their adjustment is liable to be impaired in releasing the 
screw cap from contact with the upper valve. Although Sigsbee states in the remarks 
quoted that the upper valve seat is detachable for puri)oses of cleaning, we find in 
practice that the accuniulation oP verdigMs on the screw threads malres its safe removal 
impracticable. The valves and valve seats can be readily cleaned, however, without 
detaching the upper valve seat. 

Wheii the uppcr tbrcad inside tho hub of the propeller clears tho lower corresponding. 
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THE KIDDER-FLINT WATER BOTTLE. 

The Kidder-Flint water bottle (plate xxv) is designed to bring up a specimen 
of water from any desired depth, retaining the free gases for the purpose of analysis. 
The valves close mechauically when the ascent is begun, and can not be opened again 
except by hand. Therefore i t  may be used in series. 

All parts of this water bottle are brass, except the propeller blades, which are 
of German silver. The cylinder is a tube of commercial pattern; the frames, valves, 
valve seats, eto., are cast brass. 

51. 

57. 

52. 53. 54. 55. 56. 

CUTS 51 and 52.-Side and bottom view 
of outer arms of propeller frame. 

CUTS 53 and 54.-Side and bottom view 
of inner arms of oroneller frame. 58. 

59. 

a j . .  

CUT 55.-Side view of frame b, show- 

CUT 56.--Front view of frame b, clamp 

CUT 57.-Side view of frame b, clamp 

CUT 58.-Side view of sleeve i and front 

CUT 5%-side view of propeller, .&ow- 

CUT 60.-Bottom view of propeller. 

ing clamp c. 

O, ana ~i~~~~ ?&. 

u, and pin v.  

view of' beveled slots k k. 

ing beveled lugs. 

Preparation for use.-Cleanse the illside of the cylinder from all foreign sub- 
stances, particularly verdigris, oil, or red lead, which is sometimes used for making 
joints. Clean the valve faces and valve seats with a soft cloth, avoiding brick dust, 
emery paper, or other scouring substances, as the valves are very carefully ground 
in, and aiiy scratch on their faces renders them liable to  leak. The valve seats should 
be removed for cleaning and replaced agaiii, using spanners in the holes o p  for the 
purpose, and to insure tight joints without undue strain 8 little red lead may be used 
on the shoulder between m and n. In cleaning the cylinder particular attention 
should be given to the cock e s u d  expansion chamber d. 

The propellers should be examined to see that they work freely on the sleeves 
and the supporting screws on their outer extremities., The shafts ahould be run up 
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n 
Fig. I. 

a. Cylinder. 
b .  Prarne. 
E .  Clamps to eociiro Rppnrnt.iis 

temperature ropo. 
d. Expnnsiou olinmbar. 
e. Cook. 
f. Guard% 
8 .  Propellers. 

THE KIDDER-FLINT WATER BOTTLE. 

NollW7kCkltUrf'. 

h. Shafts. 

i. Lurrs. 
<. SlOoVOB. 

$. Slois. 
1. Valves. 

111. Vulvo seats. 
n. End pieces. 
0. Spanner holos. 

Flg. 2. 
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and down by means of the milled heads a t  k,  to ascertain if the screw threads work 
freely andsthe shafts move on their bearings without undue friction. 

The propellers should then be moved outward until they clear the supporting 
screws, where they will revolve freely during the descent without moving the shafts or 
in any way aEecting the valves. The shafts should then be screwed inward a little to 
allow free connection with the valve stems 1. 

‘The cylinder may now be placed in the frame.b, the valve stems I connected with 
the shafts h, and the cylinder secured in place by the clamps u and the pins v. The 
valves should then be opened inward to their full extent by means of the milled liead 
at k. Secure the bottle to the rope by the clamps c, with the expansion chamber 
pointing upward, and it will be in readiness for use. 

To obtain a specimen of water, the dredge rope is used, having a sinker weighing 
150 pounds. The apparatus being clamped to the rope a few fathoms above the 
sinker, lower away as rapidly as desired to the intended depth, and in case of 
temperature instruments not having been sent down, roe1 in a t  once. 

The propellers now being brought into action soon close the valves. 
The internal pressure which takes place as the apparatus ascends is relieved by 

the expansion chamber d. As soon as the bottle reaches the surface the valves are 
keyed to their seats through slots in the valve stems 1. The cylinder is then removed 
from the frame and stowed in some cool place in a vertical position until such time as 
it can be delivered to the laboratory. 

A vertical position is recommendid in order to retain water on both sides of the 
piston in the expansion chamber to avoid possible drying and shrinkage of the packing. 

Taking care of the bottle.-The water specimen having been procured and the 
cylinder removed, rinse the frame in fresh water and wipe it dry. Remove the set 
screws q and the shafts h, wipe them dry, and put a little oil on the screw threads. 

Unscrew the sleeves i from the hubs of the propellers, wipe them dry inside and 
out, and oil them; wipe the propellers dry also and oil the inside of the hubs. Oil 
should be used sparingly, taking care that it does not drip into the cylinder. 

Having cleaned and oiled the parts, put them together and stow the frame in its 
packing box, which should be kept in a dry place. 

As soou as the specimen has been removed from the bottle the latter should be 
rinsed in fresh water, the valve seats unscrewed, and the cylinder with its attachments 
carefully cleanedaand dried as directed iu its preparation for use. After the parts are 
put together clamp the bottle in the frame. Oil should never be used on the cylinder 
or its attachments. 

This water bottle was devised by Dr. J. H. Kidder, of the United States Fish 
Oommission j Surgeon J. M. Flint, U. S. N,, attabhed to the Albatross? and the writer. It 
is an elaboration of the Sigsbee water-specimen cup, carefully and strongly constructed, 
and, while it has successfully withstQod an internal pressure of 150 pounds per square 
inch, there are still some mechmical imperfections to be remedied before i t  will be 
considered entirely satisfactory. It was first used on board tlie Albatross in 1884. 
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T H E  DEVELOPMENT OF DEEP-SEA EXPLORATION. 

The systematic exploration of the deep sea 110s been confiiied almost entirely to 
the second half of tlio iiincteentli century, and may be said to have cominenced with 
the  general introduction of steam, whicli not only furnislied 1)ower to hoist the dredge, 
but brought the vessel under sufficient control for successfully working t h e  apparatus. 
A sailing vessel, eveu under favorable conditions, was not well adapted for the work 
of deepsea exploration ; tliere were no means of preventing her driftiiig to leeward 
when hove to, and this made the preliminary operation of sounding, even iii a few 
hundred fatlioms, a difficult inatter with the old-fashioned deep-sea lead line, wliicli 
was slow to sink, aid with its great and uncertain angle left the actual depth requisite 
to the successful operation of the dredge still in doubt. Hemp dredge rope, iised 
prior to 1877, was aiiotlier serious obstacle to the extension of deep-sea exploration- 
its size increasing with the depth, and the weiglits required to sinlr i t  to  the bottom, 
in spite of the rapid drift of the vessel, increasing tlie load beyond the liftiiig capacity 
of appliances then found on'shipboard. 

Miiller, oiie of the first recorded investigators, used a sinall dredge on tlie Danish 
and Korwegiatn coasts as early AS 1779, but 30 fatlioms mas his greatest depth. Sir 
Jolin Ross brought up specimens of animal life about 1S19 with his '' deep-fiea clainm" 
from 1,000 fathoms, mliich caused much comment, as 300 fathoms had been generally 
considered the limit beyond which 110 life existed in the makers of tile Rea. 

Prof. Louis Agassiz commencgd his explorations of tlie const waters of the United 
States in 1847, and Verrill and Stinipsoii followed in 1559, all confined to depths 
within 50 fathoms. I n  1860 Dr. Wallicli reported Rtarfisli from 1,200 fathoms, brought 
up 8n the sounding line. 

Froin 1 8 G G  to 1860 Pourtales made au extended series of dredgings on board the 
Coast Survey steamer Corrciiz, Acting Master Robert Plntt, U. S. N. He made a 
successful haul in 800 fathoins between Key West and Havana, and reached the 
unprecedentccl depth of 1,125 fathoins in the Yucatan Ol~aniiel. 

In 18G8 Wyville Tliomsoii slid Dr. Carpenter, on board tile Lightning, dredged in 
600 fathoins between Scotlantl ani1 llie Faroe Islancls, where they found ai1 abundance 
of innrine life, and, cxteiidiiig tlieir oxplorntions to 1809-70, on board the Porcupilze, 
they made a successful haul of the dredge i n  2,435 fatlioms, wliicli was a great triumph, 
considering tlie crude appliaiices of the day. 

The United Stittcs Fish Commissioii co~nnienced dredging oiy~ations in 1571, using 
hemp rope, as tlieir predecessors had clone, and, working from fimall vessels having 
limited space, with imperfect appliances of a temporary nature, they mere restricted to 
depths not exceeding 160 fathoms. 

H. B. M. S. Cl~ullengev, A spar-decked sloop of war of 2,000 tons and 1,200 horse. 
power, an unusually commodious vessel, was fitted out for cleep-se;i exploration and, 
sailed 011 lier ineniorable scientific cruise around the world in December, 1572. Her 
equipment iricludecl largo quantities of' heuip dredge rope which, when met, was heavy 
and bulky, reqriiring much labor to properly attend sild care for it, yet-her large and 

. - 
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DREDGING ENGINE : AFT, LOOKING FORWARD. 

Diinsaoiona. 

Greatest cliauioter of lnrge g v p ~ y  Iionil.. ............. .inclies.. 
Least dinuicter of large :y ;H) liond .................... do.. .. 
~ e n g t l i  oflargo gypsy lrond i i  liuo of its iixifi. _ _ .  ._._. .do. __. 
I)lai~ietcr of iiibounl end of smnll ypsy henilx. ........ .(lo. ... 
Dialrioter of outboard mil OF 81uafi *yp8y honds. ...... .do.. .. 
Diameter of middle of sninll gy~isy %ends .............. do..  .. 
Lcugth of slnnll gy ISY henda ou line of tlicir am*. .... .do.. .. 
Total l eng t~ l  ovcr tlirou gypsy lionds. .................. .clo.. .. 
Diameter of Innill shaft,. .............................. ..do.. .. 
Diameter of spur wliepl at pitch liuc 
yitoli of tjmtll of gonr!ng.. ............................ .do.. .. 
Width of face of rearliig. .............................. do.. .. 
Widtli of face of kiotiou brakc ........................ do.. .. 
Nuinbur of iolllmala 011 maill slinft. ............................ 
DiaUoter ot joirruals (111 mniu Nllllft .................. . i U C h O H . .  
Lengtll of i&iriiala 011 iiiiiin fllinl't ...................... do..  .. 
Diam&r if piuioii 011 pitch liuc.. ...................... do.. .. 

.................. .. .do.. 

Number of stoain cyliudors.. ................................. 
1)iarncier of stonni c 1iiidcrR.. ..................... ..inches.. 
Width of piston trinilm foro aid nft. ................... do.. .. 
wid111 of piston trllliks ilthmart8lrip .......... . . . . . . . . .do . .  .. 
Arm of cross-section of cwli trunk.. ........ .flr11111rc inchcs.. 
Not area of stoniu pistons, each.. .................... 
Number o j  joiirunls on crniik HliafL ........................... 
Diameter oc arnuk-shaft joiiriinls.. ................... i l lClle8. .  
Leugtlr of crank-shaft ,journals.. ....................... do. ... 
Dialnotor of crank pins ................................ do. ... 

wi& or eugiun base ntliwnrtstiip .................... .do.. .. 
IIci lit of oiigiiiu.. ..................................... do.. .. 
\\'cF& of oiigiiie.. ................................. .pounds.. 

.. ..do.. ..................................... Stroke Of ,ifltoUH inChe8.. 

................................. .. Lcngth of crnnk pins .do.. 
Lon tli of eligiue bnsc foro m i 1  af t  .clo.. .................... .. 
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trained crew were able to handle it with alacrity, coiling it upon specially prepared 
pins as i t  was hove up or throw i t  off as rapidly as required for veering. The dredge 
and trawl were hoisted by steam power, a donkey engine being provided for the 
purpose. It had au ordinary gypsy head, around which several turns were taken 
with the rope, which was then attended by hand. The Challenger was the largest 
and best-appointed vessel ever employed ill deep-sea exploration, and her subsequent 
achievements, including a successful haul of t h e  beam trawl in 2,650 fathoms and a 
dredge haul in 3,876 fathoms, are sufficient proof of her efficiency. 

The introduction of steel-wire dredge rope on board the United States Coast 
Survey steamer Blake in  1877 effected a revolution in  deep-sea dredging as complete 
as t,he use of pianoforte wire accomplished in the methods of sounding. 

The earlier investigations of the Uilited States Fish Commission mere couducted 
on board small vessels loaiied by the Navy Department and temporarily equipped for 
deep-sea exploration. Hemp line was used for sounding, also for dredging and 
trawling, an ordinary engine with a single gypsy head being employed for hoisting. 

A marked advance was made in the equipment of the 2isk  Hawk by the 
introduction of pianoforte wire for sounding and steel-wire rope for dredging. 

AI1 the later iinprovenients bearing upon tho work of the Albatross were embodied 
in her equipment, which also included many novel appliances. 

. 

DREDGING ENGINE.  

Plates XXVI and XXVII represent the dredging engine, the principal use of which 
is to hoist the trawls and dredges, but i t  is provided with additional gypsy heads 
for hoistiiig boats, etg. It was built by Copeland B Bacon, of New Yorlr, according 
to their patents. It has three gypsy heads (the large oue of steel) mounted on the 
sanie horizontal shaft, and driven by a double-cylinder half-trunk steam engine 
through the intervention OS toothed gearing and a modificatioii of Mason’s friction 
clutch. The engines have locomotive valves, which are actuated by Stephenson’s 
links and ecceiitrics; the cranks are cast-iron disks; each pair of eccentrics is cast in 
one; the cut-off is effected by the lap on the valves, The machine has a friction 
brake to  regulate the paying out of the dredge rope, and also 8 roller guide, with 
treadle motion, to press the rope aside and prevent the turns from riding. The 
engine is placed on ithe main-deck, forward of the foremast; it takes its steam from 
the main boilers, and may be exliausted either into tlie main condenser or into the 
atmosphere. * 

POWER O F  THE DREDGING ENGINE. 

The wire rope from the dredge passes over tlie dredging block a t  the end of the 
dredging boom, then under a slieave in the heel of the boom, then upward and over a 
block suspended from the accu~nulator, and then to the central (or large) gypsy 
head of the dredging engine. 

The accuinulator (plate XXXT), which is a series of rubber “buffers” moving 
freely on their longitudinal axes by the tetisiou on the dredge rope, becoines 8 good 
dynamometer. By taking a large number ‘of dynamometer readings simultaneously 
with indicator diagrams from tlie dredging engines, noting a t  the same tiwe the actual 
velocity of the rope as it is measured by the register on the boon1 sheave and also the 
speed of the engines, and by taking the mean of these quantities we shall approach 
very closely to the true conditions. 
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The gypsy head, by which the wire rope is wound, is curved, and the rope comes 
in, consequently, on a varying diameter; as the mean velocity of the wire is less than 
that due to velocity of the center line of the wire wrapped ou the smallest diameter 
of the head, it is evident there is a slip. The tendency of the rope, winding on the 
head, is to coil into a helix, but the inclination of the surface caused the wire to surge 
toward the central part of the head, with some jar, slipping back a t  the same time. 
The loss of power due to this slip, plus the power required to overcome the stiEness 
of the rope in bending it on the head, will be found by taking the difference between 
the net power applied to the revolution of the gypsy head and the power indicated 
by the dynamometer. 

The diameter of Ihe smallest part of the gypsy head is 2 2 e  inches, and the diam- 
eter of the wire rope is three-eighths of an inch; consequently the velocity of the rope, 
per revolution of the head, supposing there were no slip nor creeping, should 

be z (22yz ')=&IO4 feet," but from the reading of the register it is only 5.924 feet. 

The following record is from the meaii of a number of observations: 
Velocity of tho rope indicated by the register, in fect per minute -. -. ._ 

Revolutions of the gypsy head per minute .____. ___. ._ ___. .____. . - - - _ _  -. 
Revolut8ions of the engixie per minute. -. - -. - . . . - - -. 
Indicated horkepower developed by the engine. . . -. - - - - - - - - - - - 
Iudicatcd horsepower rcquired to work the engine.. ...................... 
Horsepower absorbed by the friction of the load .......................... 
Net horaepower applied to the thusion on the rope .__ _ _ _  _ _ _ _ _ _  __.. _ _ _ _  ___. 
Horsepower amounted for by the dynamometer . . . - - - . - - - - - - - - - - - - - 
Horsepower absorbed by slipping and bending of the rope on gypsy head.. 

Velocity of tho ropo due to the smallest diameter of the gypsy head.. ..... 
Tension on the wire, in pounds,4ndicatcd by the dynamometor. - - _ _  . _ _  2, 

- 

148.600 
153.100 

,737.5 
25.083 

' 107.500 
15.563 
1.453 
1.167 

12.943 
12.327 

.616 

The 15.563 horsepower indicated by the engine is divided ad follows: 

For working the engines .................................................... 
Per o a t .  

For pulling in the ropc ...................................................... 79.207 
9.335 

For overcoming the friction of the load _ _ _ _  __._ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  .__. __._ .____. 7.500 
For overcoming the slip,aid bending of the rope. ............................ 3.958 

100.000 
-- 

REELING ENGINE. 

Tlie reeling engine was built by Copeland C% Bacon, of New York, and is of the 
same character of design as the ilredging engine. I ts  object is to stow the wire rope 
and to keep a limited tension on that rope when in motion. It is essentially a 
wrought-iron, built-up drum mounted on a horizontal axis driven by a double- 
cylinder half-trunk steam engine through the intervention oE toothed gearing and a 
friction clutch. 

It is provided with a traveling guide, mounted in front of the drum, for guiding 
the rope smoothly and uniformly upon it. The guide is actuated by a double screw, 
with equal right and left pitches, similar to that employed on the distributing roller 
of the Adams printing press. This Bcrew reverses the direction of the guide when i t  
reaches the end of the thread, and the pitch of that  thread is equal to the diameter of 
the rope. It is geared to the drum by toothed gears of equal pitch diameters, one 
of which has a clutch coupling for disengaging. When paying out rope, the guide is 

It has a friction brake to regulate the paying out. 

~ 

*This  is 011 tho assiituption tliot the rope travel8 on a radius due to that of the gypsy head plus its 
own radius, which has been proved by the passage of the mme wire over our register sheave. 
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REELING ENGINE AND GOVERNOR. 

Principal diin~nsioiis a~ul wciglit of reeligig eiigi?ie airit wire rope. 

Dlmroter of (lrntn ............................................. .inallus.. 16 
Length of drii111.. ................................................ do..  .. 30 
Width of tliingi!s ............................................... . .do..  .. 17 
llntio of gotwing.. ....................................................... 4&: 1 
Niiiiibor of ~tonii i  cvli i i~lt~rs. .  ........................................... 2 ~ ~~ 

I)ii~iiii!tm of ~toniir c(j.liiidere. .................................. .inclion.. 
Btroku Of 1 J i A t , O l l R  ................................................ do . .  .. 
Luiigt.li o f  &inch iliiiniotor wire rope rod will Iiuld. ........... IjLt.bo~ii~.. 
Weight of' reoliiig i!iigiiie.. ................................... . I I O I I I I I ~ ~ . .  
Wei lit ot' 4 BO0 f~~t l io i i~s  ol' wire rope ............................ (lo. ... 
Totuf weight of L wgine a d  wire rope.. .......................... do.. .. 

1,600 
3. 600 
5,940 
9,440 
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disengaged, not only from the toothed gears, but also from the double screw, which 
leaves it free to travel by the pressure of the wire rope upon its sides. 

The engine receives stoeani from the main boilers and exhausts it into the main 
condenser or into the atmosphere, as desired. 

THE GOVERNOR. 

The hoisting engine being located on the main deck and the reeling engine on the 
deck below, entirely hidden from view, i t  became necessary to have some automatic 
device by which the inovements of tlie former would govern those of the latter. For 
this purpose the governor (plate XXIX) was devised by the writer. It maintains a 
practically uniform tension ou the dredge rope between the hoisting and reeling 
engines by causing the speed o f  the latter to conform to that of the former. 

CUT 61.-Wetson CFr. McDaniel pressure-regulftting vdve. 

The reeling engine was located on the berth deck to lower its weight in the ship 
and to protect it and its appurtenances from the meather. 

The govewaor consists of the sheave a, withiu the iron frame b, which moves freely 
on horizontal axes fore and aft, allowing the sheave to revolve in any plane in 
conformity with the angle of the dredge rope. The forward motioii of the frame b is 
checked and governed by the spriugf, which is adjusted by the nut e and screwbolt g. 
On the after end of the frame b is a connection to an arm of a bell erank d, which, 
through the connecting rod 7&, actuates a pressure-regulating valve (cut 61) on the 
steam pipe between the throttle valve and reeling engine. 

This valve was introduced a t  the suggestion of Chief Engineer Baird, U. 8. N., as 
more effective than the original plaii of attaching the bell crank directly to the throttle 
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.valve. It acts quickly, is not liable to derangement, slid is easily adjusted by pinning 
the connecting rod h through a hole in the lever, which gives the valve the desired lift. 

A leading block n, 13 feet forward of the drum, may be considered a part of the 
governor, although detached from it. A spiral spring in its stem gives it a horizontztl 
motion of about 6 inches, for the purpose of taking up a portion of the slack rope 
wheri it surges on the hoisting drum, thus reducing the jar and aiding in the main- 
tenance of a uniform tensiou. 

To adjust the governor, unwind a fathom or two of dredge rope from the reel and 
attach a scale to the bight, between the reel arid leading block n j close the pressure 
valve and open the throttle wide; then by adjusting the nut e, screwbolt g, and con- 
necting rot1 i~ admit steam to the reeling engine until the desired tension say, 300 
pounds, is shown on the scale. It is advisable to verify it occasionally until the 
attendant becomes familiar with his duties, when he will readily make the necessary 
adsjustmerit while the engines are in operation, by first shutting off steam through 
the pressure valve until the dredge rope is seen to slip on the hoisting drum, then 
gradually admitting it again until the rope is properly wound on the reel without 
uunecessary tension. 

The friction clutch on the drum of the rceliug engine is adjusted by a lever, 80 
that the reel'slips and ceases to turn wheu the prescribed limit of tension is exceeded, 
as happens if the pressure valve fails to act, or if the hoisting engine is suddenly 
revemed, in an emergency, for the immediate veering of rope. 

The action of the governor is as follows: When tension is applied to the dredge 
rope, the pressure on the sheave n forces the frame b forward until i t  is arrested 
by the increasing compressiori of the spiral springf; the forward movement actuating 
the bell crank d and connecting rod l b  causes the pressure valve to close and shut off 
steam in proportion to tho movement, finally stopping the engine when the limit has 
been reached. The reverse movement, resulting from diminished tension on the rope, 
gradually admits steam through the pressure valve arid starts the engine. 

\ i  

LEAD O F  T H E  DREDGE ROPE. 

The rope having been wound on the drum I of the reeling engine (plate XXIX) is 
first led through the automatic guide m, then under and over the leading block w, under 
and over the governor sheave a, thence to the hoistirig drum o of the dredgiiig engine, 
around which five turns are taken from forward aft and from starboard to port. The 
end is then carried aloft and rove, from forward aft, through the block at  the lower 
end of the accumulator q, which is suspended from the mast, then under tbe register 
sheave t in the heel of the dredging boom, and finally over arid under the dredging 
block w at the boom end. 

The dredging boona s is of spruce, 36 feet in length and 10 inches in diameter. 
I ts  outer end is inclosed in a heavy brass cap and band, which lias four eyebolts 
at equal intervals on its periphery, one each for the toppiug lift 1' and dredging 
block .u; also one each on the forward and after sides for the boom guys. A capped 
sleeve of brass incases its heel. It is about, 2 feet iu length, mortised to receive the 
register pulley t ,  and enlarged on its sides to form bearings for its shaft. The heel of 
the boom is supported by it hinged socket bolt which passes through a hole in a hea;vy 
cornposition band on the foremast, upon which it pivots and turns freely and is pre- 
vented from unshipping by a nut and ivasher. 
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Nomenclatura of governor. 

a. Sheave of governor, braaa. 
b. Frame of governor, iron. 

' 
! 
1 0 .  Eangars, oaet iron. i d.  Bellcrank. 
i e.  Nut. 

f. Spiral B ring, steel. 8: ScrewboPt. Connecting rod. 

i. Throttle valve. 
k. Preslrure valve. 

Nomenalattqe of dredginll appli- 
ances. 

1. Keeliiig cngiiie. 
m. Autoniatie guide. 
n. Leading block. 
0. HoiBting engine. 
p. Masthead, collar nu11 band. 
q. Aocumulator. 
T. Topping lift. 
8. Dredging boom. 
1.  Register Hheare. 
?t .  Dredging block. 

-----___.__ 

o 1 a 9 P 5rmr 
SrwE - 

I 
1 1 1 1 1 1 1 1 1 1 1  

LEAD OF THE DREDGE ROPE, SHOWING GOVERNOR. 
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DREDGING BLOCK. 

S n i n c w l n t  w e .  

fi. Sl1naItlo bolt. 
c .  Sl1urLlo. 
.f. Shuokla pin. 
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The function of the boom is to lead the dredge rope clear of the ship’s side. 
When rigged for service, elevated at  an angle of 500, it gives a clearance of about 
10 feet. When not in use, it is lowered to a horizontal position with its forward end 
resting upon the topgallant forecastle. 

Tho register p u l k y  t in the heel of the boom is of brass with a deep, narrow 
groove, and serves to lead the dredge rope from tlie accumulator g to the lower side of 
the dredging boom, besides performing its funcbioh of registering pulley. The register 
is attached to the left side of the sleeve at the heel of the dredging boom, is actuated 
by a worm wheel carried on the shaft of the register pulley, and records the number of 
fathoms of dredge rope out. 

T h e  boowz topping lift  r is a twofold purchase of 3&-inch mauila rope, its hauling 
part shackles to a link in the masthead bandp; tho lower block is sliaclrled to t h e  
upper end of an accumulator which, in turn, shackles to an eyebolt a t  the boom and. 
Shackles are used on the topping lift to prevent unhookiiig in case the dredge rope 
should part under heavy tension. An accuuiulator is attached to the topping lift to 
supplement the actiou of the main accumnlator. 

The boom guys, one forward arid one aft, are twofold purchases of 2&-inch manila 
rope, lieavier than required for simply holding the boom, but they are used a t  times in 
hoisting an overloaded trawl over the rail. 

T h e  boom purolme is a twofold tackle with 24-inch manila rope used for hoisting 
the trawl on board; it hooks to one leg of a short pendant, the other leg carrying the 
after boom guy. 

The dredging block8 (plate XXX) two in number, used on the lower end of the 
accumulator and a t  the outer end of the dredging boom, are leads for the dredge rope; 
fig. 1 is a sectional elevation, aud fig. 2 a side view. 

The frame u is composed of two pieces of bar iron 59 inchex wide a t  one end, 
4g at  the other, 39 in the center, and 1& inch thick; they are secured by riveted 
bolts to a block of wrought iron 54 inches in length, 26 in width, arid 24 in depth, 
having through its center a 18-inch hole for the shackle bolt d.  The slieave b is of corn. 
position 2lg inches total dimeter,  18 inches diameter at the bottom of the score, and 
2& inches in width. It has three antifrictiou bushings i i i, the outer one of steel, 
fitted rigidly in place, the middle o m  of phosphor bronze, and tlie inlier one of iron. 
The two latter move freely, and they are furnished with oil grooves on both inlier and 
outer surfaces. The pin c is of cast steel, I& iuches in diameter. It has a shoulder a t  
one end, which acts as a spreader for the frame and is held in place by a screw thread 
and nut. 

The shackle bolt d, the shackle 8, and the piuf are of the best American iron. The 
former is held in place by a nut and washer, which allow it to turn freely and act as a 
swivel. The guard g is of wrought iron and is intended to prevent thb dredge rope 
from flying out of the sheave. The hood k acts as a guard and assists in turriing the 
block in line with the rope so that it will lead fairly into the score of the sheave. It 
is a bronze casting. The nuts on the bloclr are secured with drift pins; the guard and 
hood are used only on the block.at the boom end: 

y]be m&head collar and band (plate XXIX) are placed 13 inches below the futtock 
band on the foremast, and the accumulator and topping lift are shackled to eyes in the 
band. The collar is fitted in the following manner: A strong wrought-iron band, 
flanged on its lower edge, is secured to the mast by wood screws; the band, also of 
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wrought iron, is in two parts with jaws on each side, through which l&-iach bolts are 
passed arid set up with nuts. When properly adjusted, there remain intervals of' 2 
inches between thejaws, and in these spaces, supported by the bolts, hang  two links, 
one on each side, to which the topping lift shackles. Ai1 eye in the forward part of 
the band supports the accumulator, which is shackled to it. 

THE ACCUMULATOR. 

The accumulator (plate XXXI) performs the several functions of rdieving the dredge 
rope from jerking strains brought upon it by motion of the vessel in a seaway, insuring 
a more uniform action of the hoisting engine aud giving the first warning of increased 
tension on the rope in case the trawl fouls or buries i n  the soft bottom when working 
in deep water. It also acts as a dynamometer, indicating through a graduated scale 
the strain to which the rope is subjected. 

T h e  guide rods c are made of a single length of round mild steel 1 inch in diame- 
ter, bent at e and I, with screw threads and lock nuts a t  8. The tension rod is of mild 
steel, round in section, 14 inches in diameter, and 9 feet 9 inches net length-that is, 
measured inside the crosshead i and yoke 76, It holds 39 buffers without compression, 
and usually carries 44 in service. It has a swivel link at  the lower end, to which the 
accumulator block shackles, and a screw thread and lock nuts g a t  the other extremity. 
The total length of the accumulator, including the links a t  each end, is.12 feet 1 inch. 

T h e  crosshead i, yoke 75 atld tie-plate 1 are of wrought iron; the former move 
freely on the guide rods c: the upper one receiving the ends of the tension rod d' and 
scales m, while the lower ones support the guide rods and scale bars. A front view 
of the tie-plate 1 is shown in fig. 3, the two upper crossheads i in fig. 4, while fig. 7 
shows the lower crosshead i with slots in each end through which the scales slide. 
The slots are made wider in the middle section to protect the painted marks on the 
scale bars. There is a brass washer b between each rubber buffer, as seen in fig, 2, 
where they are shown in section; they are Gif inches in diameter, ia6 inch thick, with 
a hole If, inch diameter in the center, Hubs one-half inch in length extend from 
each side of the washers (figs. 6 and B), except those in contact with the yoke and 
crossheads, which have no hub on that side. The buffers were furnished by the 
New York Rubber Belting Company, and are composed of their No. 23 compound; 
they art: 5& inches in diameter, 3 inches thick, and have a hole 1& inch diameter 
through thecenter. They weigh 4 pounds 3 ounces each and cost 67 cents per ponnd. 

T h e  scales m are composed of two flat bars of iron, 1% inches wide and 4 inch 
thick, attached to the sides of the accumulator, as shown in fig. 2. The upper ends 
are round, and carry screw threads and nuts, by which they are secured rigidly to 
the upper crosshead; thence they pass down through holes in the upper middle 
crosshead and through slots in the lower crosshead and yoke. The scale bars are 
graduated from the lower ends by putting gradually increasing strains on the dredge 
rope, rove through its blocks as for service, and to avoid accident under the higher 
tensions it is cust,omary on board the Albatross to lay accumulator and blocks on deck 
or on a wharf and to use new rope; the divisions are made by painting white marks 
of different widths across the bars, the narrow oiie8 representing 500 and the wide 
ones 1,000 pounds. The graduations once made, adjustments, incident to long service 
or climatic influence upon the material of the buffers, may be efected by the nuts at 
the upper ends of' the scale bitrs. 
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THE ACCUMULATOR 

PLATE XXXI. 

Nomenclature. 
a. Rubber boffow. 
b. Waehors. 
a. Guido rods. 
d .  Toneion roil. 

f. Swivel link. 

8: Look nuts on guiilu rods. 
6. Cross Iioiid~. 
k. Yoke. 

b e. Link. 

Lock nutson tnnsiou roil. 

2, !cc$;~to. 
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The action of the accumulator as a dynamometer is as follows: Tension on the 
dredge rope compresses the buffers, causing the scale bars to project beneath the 
yoke, when tho degree of strain is read from the bars a t  their point of contact with its 
lower face, The marks are the same on both scale bars and on both sides of the bars, 
ao that they can be read from forward or aft, or from either side of the deck. 

The hubs on the brass washers, which prevent the buffers from corning in contact 
with the tension rod, were devised by Lieut. Commander Sigsbee, U. S. N., on board 
of‘ the United States Ooast Survey steamer Blake. Previous to their introduction the 
buffers were liable to grip the tension rod while they were compressed, making the 
apparatus sluggish in its action, a fault that no longer exists. It is, on the contrary, 
exceedingly prompt in expansion after being relieved of its load, and retains its 
elasticity under all conditions of service and temperature. 

The illustration shows 39 buff‘ers mounted without compression; hence the 500- 
pound mark on the scale is some distance above the yoke; while in actual practice, 
with 44 buffers under compression, it would be lowered nearly to it. 

STEEL-WIRE DREDGE ROPE. 

&eel-wire dredge rope was suggested by Prof. Alexander Agassiz, and first used 
on board the Coast Survey steamer Blake in 1877, wheii its superiority over all other 
material was so conclusively demonstrated that it henceforth became the standard 
for deep-sea exploration. The Blake’s rope was made by the John A. Roebling’s 
Son’s Company, Trenton, N. J. It was composed of 42 galvanized steel wires, No. 19 
American gauge, in G strauds of 7 wires each, laid arouiid t~ hemp heart. It was 
1.125 inch in circumference, weighed 1.14 pound per fathom in air, about 1 pound in 
sea water, and its ultimate strength was 8,750 pounds. A kink reduced its breaking 
strain to 4,500 pounds. 

Steel wire dredge rope was first used by the U. S. Fish Commission on board the 
Pish Hawk in 1SSQ. It was identical with the BZa7ce’s rope except that it had no hemp 
heart. 

The Albatross’s rope of 1882 was made by the Hazard Manufacturing Company, 
Wilkesbarre, Pa. It was composed of 42 ga1v:wieed steel wires of the company’s 
special gauge, approximating to No. 18 American gauge, with G strand8 of 7 wires 
each, and had 8 hemp heart. It was 1.18 inch iu circumference, weighed 1.32 pound 
per fathom in air, about 1.2 pound in sea water, and its breaking strain was 12,860 
pounds. A kink redwed its strength about 50 per cent. It was made of the best 
crucible Rteel and developed great tensile strength, but it was stiff and unpliable, 
kinked badly, and usually broke without warning, like tempered steel. I t  was used, 
however, until 1886, when an effort was made to procure a more pliable rope without 
sacrificing strength or materiaIly increasing its size. 

A quantity of English rope was procured through the agency of J. W. Mason & 
Go., New York, which was made of the best English mild extra plow steel, composed 
of 42 galvanized steel wires, No. 184 B. W. Q-., approximating to No. 17 American 
gauge, with G strands of 7 wires each, around a hemp heart. It is 1.184 inch in cir- 
cumference, weighs 1.31 pound per fathom in air, 1.09 pound in sea water, and its 
breaking strain is 14,000 pounds. It is more pliablo than crucible steel rope, less 
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liable to kink, and consequently more durable. The loss of strength resulting from 
a kink is about 40 per cent. 

A long splice, from 20 to 25 feet, is used to join two pieces of dredge rope, and its 
general features are the same as a long splice in hemp or manila, due regard being 
had for the difference in material. It requires close observation to detect a well-mrtde 
splice, and i t  is as strong as any other part of the rope; at least i t  was found by 
experience on board the Albatross that it parted away from the splices quite as often 
as at them. 

To turn in a thimble on the working end of the dredge rope, make ail ordinary eye 
splice over a large oblong thimble, sticking the ends three times, tapering them as 
is usual with hemp or manila rope, and if a neat job is required serve the splice with 
annealed wire or marliue. 

Its utility is a 
mooted question, for the swivel will not work uuder tension, yet it turns freely the 
moment the strain is removed from the rope after a long or heavy lift, and this relief 
may be of service in lessening the liability to kink while lowering the trawl for a sub. 
sequent cast. 

41Le preservation of galvanized steel-wire dredge rope from rust is of little 
moment while it is new, but as the zinc wears ofi' and the steel is exposed its life may 
be materially lengthened by the systematic application of a suitable preservative. 
It rarely happens in service that more than one-half of the rope is paid out, and 
when i t  is reeled in it is always wet with salt water, which percolates from layer to 
layer through the rope remaining on the reel, keepiiig it constantly wet during the 
working season. It is to the action of sea water thus confined that we trace one 
of the main causes of oxidation. 

It has been the custom on board the Albatross to run the rope off' from its reel 
twice ;I year, winding it directly upon the steam capstan, which is furnished with 
suitable wooden heads for the purpose. It is carefully wiped as it leaves the reel, 
the splices and nips or partial kinks are examined, and the necpssary repairs made; 
and a clear day having been selected for the transfer, the ropc reaches the capstan 
quite dry. 

The service reel having been examined and painted, the rope is replaced upon it,, 
and during its transit it is again wiped and giveu a coat of linseed oil, as many men 
as can work to advantage being stationed between the capstan And reeling engine for 
this purpose; oil is freely distributed over the rope after it has reached the  reel, and 
by constant dripping from layer to layer during the process of minding it penetrates 
the iuterstices of wires and strands, and by the time the rope is all upon the reel it 
has become thoroughly coated. 

The fluidity of the oil may be greatly increased, and its application facilitated by 
warming it; this may be done by keeping it in a bucket of hot water while it is 
being applied. 

Spare rope on wooden reels requires no attention, providing the storeroom is dry 
and secure against occasional leakage; otherwise i t  will be well to see that the reel 
heads are tight and give the surface of the rope two or t h e e  coats of lead-colored paint. 

The proper lengths in whicli dredge rope should be ordered will be goverued by 
circumstances. It can be procured from the manufacturers in any desired length? 
delivered on wooden reels in convenient form for transfer to the service reel, or for 
storage. If large storerooms are available and facilities are a t  hand for hondliug 

A swivel shackle is used to tittach the trawl to the dredge rope. 
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heavy weights, or if it is practicable to carry the reel mounted upon an axle in readi- 
ness for running off wire without changing its position, a siugle lengt,li of 5,000 
fathoms would seem to be best for the spare rope. 

If the working reel is empty and is to be filled, a sufficient quantity should be 
ordered in one 1engl;h. On board vessels of ordinary capacity, carrying, as tlie Alba- 
tross usually does, 4,000 fathoms of spare rope, there should be 0110 reel containing a 
single length of 2,000 fathoms, one of 1,000 fathums, and two with BOO f;tthoms each. 
The same wooden axle will answer for all of the reels. 

The transfer of dredge rope from a wooden transporting reel to the service reel 
is a simple operation, providing the former is firmly secured in place and a strong 
uniform tension is maintained upon the rope. The transporting reel may be placed on 
deck, ill the hold or storeroom or on a wharf, and the rope led through ordinary 
blocks to the dredging-boom end; thence to the service reel it should be led through 
its regular channels. The reading of the register should bo noted in order that the 
exact amouiit of rope upon the reel may be known; in fact, it is good practice, strictly 
followed 011 board the Albatross, to note the register whenever rope is wound upon or 
veered from the service reel, either in large or small quantities, entering expenditures 
or losses from any CiIIISe iu  the record book, also noting t h e  amount remaining in its 
appropriate place in tho correction table; otherwise errors are sure to creep into the 
applied corrections. 

BEAM-TRAWL FRAME. 

The beam.tram1 frame shown in cut 62 was in general use on board tbe Alba- 
tross during the first year of her criiise for both shoal and deep water work, and 
while it was satisfactory under ordinary conditions it was not considered the best 
form under all circumstances. Its dimensions are as follows: 

Beam: Iron pipe; lcngth, 11 feet; diameter, outsidc, 28 inches; thiokness of metal, & inch. 
Collars: Cast brass; length of flange, 91 inches; width, 4 inches; thickness of metal, Q inch. 
Bolts: Iron; length, 2& inches; diamctcr, fl inch. 
Runnerx: Flat b:m iron, 4 inches wide, f iuch thick; length, 5 feet; height, 2 feet 6 inches+4 

inches for the beam; total, 2 fcet 9 inohee. 
Weight of frame, 365 pounds. 

CUT 62.-Beem-trawl frame. 

The several parts are iuterchangeablo; the net with its appendages is identically 
the same as that used with the Tanner boam trawl No. 1 and will be described in 
connection with it. 

THE TANNER BEAM-TRAWL FRAME. 

The trawl frame shown in cut 63 is a modification of the form just described. 
The beam and collars remain the same and are interchangeable; the runiiers are the 
same length and height but their form is different, both top and bottom being made 

F. c. B. i8go-m 



354 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

the same shape,thus doing away with all sharp angles and equalizing the strain 
over the various parts of the head of the net, besides carrying it higher in rear of 
the beam, giving the mouth a wider opening and greatly increasing its strength and 
efficiency. It is better balanced also and less liable to capsize in lowering or to catch 
on foul bottom; it is more simple iu construction, and lighter by about 100 pounds, 
which is an advantage in handling it in a seaway. The jackstays and guard nets 
sometimes attached to the inner surfaces of the runners are useful in shoal water and 
in moderate depths, where swift-moving forms are mostly encountered. 

The frame is composed of an iron beam having a brass collar screwed on each 
end and held rigidly in place by set screws. Each collar has two holes, through which 
square-headed bolts, with nuts, are passed for the purpose of securing it to its runner, 
the bolts being habitually carried in their respective holes ready for use. 

CUT 63.-Tanner beam-trawl frame. 

Eyebolts, to which the bridles are seized, are secured to the forward ends of the 
runners by nuts. Beams and runners are interchangeable. 

THE TANNER BEAM TRAWL No. 1. 

The trawl is here represented completely mounted (plate SXXII), ready €or service, 
showing the method of attaching trawl net, bridles, wing nets, and mud bag, and, 
as it has become the standard on board the Albatross for general work, it will be 
described in detail. 

To assemble the Tanner beam trawl, place the runners 7) and beam a, in position, 
pass the bolts through holes in l;ho collars p and runners b,  and set the nuts tight 
with a wrench; place the head cringles or eyes of the trawl net over the heads of the 
beam set screws, middle a piece of %thread manila, and, commencing with the bight 
at the center of the beam, lace both ways to the beam ends, thence down the backs of 
the runners, securing the apron in the 8ame manner, and, if there is end to spare, wrap 
it around the rear bends above the lead-rope hitches. Bend tlie free ends of tho lead 
rope to the rear extremities of the runners, as low down as practicable, with a clove 
hitch, taking jamming turns above, if necessary, to prevent its slipping up; if there 
are spare ends, stop them along the back of the runners. Adjust the drawstriiig at 
the bottom of the pocket d, seize the bridle stops 0, gather in the tail of the net and the 
bridle legs, pass the lashing h, and hitch the mud bag i t o  the eyes of the bridle legs. 

The wing nets I: are kept slung to the arms 7c, and to attach them to  the trawl 
loosen the beam set-screws and slip them into the ends of the beam about 6 inches and 
hold them in place by again tightening the set-screw. Trawl weights are used to 
facilitate the sinking of the net, and ordinarily a single weight of 28 pounds is 
attached to each runner by a long tail rope, and one to the end of the net by a short 
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Nomenclature. 
a Beam, iron p i p .  
1). Runners. 
c. ' l h w l  ut%. 

I?. Pocket. 
e. Jni:lcot. 
.f. 13riilIo. 
8. Swivel Hlinckle. 
h. Lnsliings. 
,i. Mud bag. 
i .  Imu1 rojio. 
k. Arms, wood. 
1. Wing note. 

m. Gunrd nets. 
n. 1)redgo ro])o. 
o. liridle s t o p .  
p.  CdlitrR, brnss. 
q .  F l o n t  glnss. 

i 

PLATE XXXII. 

IXmmrimn. 

13auiii (iroii pipo) ; 
I,eiigt,li, 11 tr.ot,. 
O i i t n i d o  diniiiuter, 21( iuclioe. 
Tliioklloss of' uiet,nl, iiicli. 

\\'iclth, :JI, inches. 
Tliioltness, .." inch. 
Lrngth, !I+ inolion. 

Ilirtiiiotor, 3 inch. 
Sot scrown in collnrri, iroii, nqiinro 

Rumrorn (iron. flnt,-bnr) : 

Collnrs (lirnss) : 

I3olts (iroii, round) : 

lioncls, i~ ih iutor ,  2 i i i ~ ~ i .  

fl!Oi. 
Pnnlrnt,. Innrtli 2 font. 

Net :  
Lent1 rolio, circnmforonoe, 2 inches. 
Ilond rope, eiromiiforoncc, l t  inoliea. 
Lnngth, 17 feet. 
Size of mcsli, sqnnro, 1 inoli. 
hfnt,orial, cotton, brtrkod, 80-tlirond. 
I'oclcnt. length, 6 feet; size of mnali, 

sqnnro, 1 inch; ~iinturinl, ootton, 
11nr1tcd 21-tlirend. 

.Tn<al<tk imlBtil. (i iuet: Aizo of ~iicsli. 

TiLil 1 nshing, 15-t8Iirond iiinniln, loiigtli 

Flont, Norwegian glnnn glolio, diniiie- 
3 Tntllolns. 

tor 0 I l l C h O R .  

T H E  TANNER BEAM TRAWL, NO. 1. 
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one. The long tails are used on the runners in order that they may be released from 
their weight as soon as the trawl frame reaches bottom, where its tendency is to sink 
into the mud or ooze, and the short lashing at the end of the net is to prevent the 
weight from interfering with the mud bag. The float q is seized to the back- of the 
net a little forward of the lead rope, and its purpose is to enlarge its entrance. 

The bridle is of 3-inch manila rope, 14 fathoms in length, and is fitted by turning a 
thimble into the bight, taking an overhand knob in both legs about 8 feet from the 
thimble, and spliciug eyes iu  the ends, longer or shorter, as required to make the legs 
hang a little slack when the net is loaded. 

The bridle stops are of marline; they are used to seize the bridle legs to the eyebolts 
in the forward end of the runners; the number of turns is determined by experiment, 
the intention being that they shaII break before a dangerous strain is put upon the 
dredge rope. A Duckham weighing machine is used on board the Albatross for 
determining the strength of the stops, and with the ordinary quality of marline nine 
turns break with a load of 5,000 to 6,000 pounds, the limit allowed with new rope. 

The bridle and bridle stops are practically the same for all of the trawls described 
except the Tanner No. 3, the only difference being in the length of the legs; those for 
the beam trawl and the Tanner No. 1 are the same; the Blake trawl requires them 
about 3 feet longer, and the Tanner No. 2 as much shorter. 

Trawl weiglhts are attached to frame and net in sufficient numbers to insure the 
prompt sinking of the trawl. They are square in cross section, 11 inches in length, 4 
inches in diameter at the base, and 3 at the upper end, which is flattened and pierced 
with a hole for the tail. Manila rope, 15-thread, and 1 fathom in length, is used for 
the purpose. The apparently awkward shape was adopted to prevent the weights 
from rolling about the decks in heavy weather. They will stand upright ordinarily, 
and will not roll under any circumstances. They weigh from 28 to 30 pounds. 

!Pa.il las?&ings for trawl nets are of 15-thread manila rope, about 3 fathoms in 
length. Soft, pliable rope is preferred. 

Ploats for trawl nets were formerly made of cork, which answered the purpose 
in moderate depths, but became ma ter-logged and worthless under the pressures 
encountered in deep-sea work; hence Norwegian glass floats were introduced. They 
are spherical in form, G to 7 inches in diameter, thickness of glass 4 to i )  inch, aiid they 
are inclosed within hand-made netting, having small eyes worked on opposite sides, 
through which their lashings are secured. Floats are attached to the upper part of 
the trawl net in rear of the beam, and it is their function to keep it elevated as 
much as possible, thus increasing the area of the opening or mouth. They have, with 
few exceptions, withstood the pressure even in depths approaching 3,000 fathoms, 
and they are seldom broken, owing to  their secure position on the trawl net and the 
probection given them by their covering of netting. 

Wing nets were introduced by Capt. H. 0. Chester and first used on board the 
Fiyh Hawk in 1880. Nets of various f o r m  have been used for intermediate collecting, 
but they were attached to the dredge rope. The present form is a modification of the 
Uhester net, and was devised by the writer in 1884, since when they have been in 
constant use on board the Albatross. They are made of cheese-cloth in the following 
manner: The material is laid on deck and folded once, a pattern placed upon it, and 
tho two halves cut from the piece a t  the same time; the side seams are then sewed 
up, the ends hemmed, and one extremity turned inward over a galvanized iron ring, 
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thus forming the pocket. The double bridle is seized to the ring through the net and 
serves to hold it in place. The tail lashing is sewed to the end of the net to prevent 
its being lost when cast adrift. There is a drawstring in the end of the pocket and 
a cord, with a knot in its lower end, is secured to the pocket and allowed to hang 
down far enough to be gathered in with the eud of the net, aud secured with the 
lashing to prevent its turning inside out when the trawl first takes the water. The 
arms are of wood, with deep scores for the reception of the bridles. 

The mud Bag is simply a boat dredge minus its net; the lower end of its canvas 
shield is closed for the purpose of bringing up an uuwashed specimen of bottom soil. 
A detailed description will be found under the title of “boat dredge.” 

THE TANNER BEAM TRAWL NO. 2. 

This trawl is a duplicate of No. 1, except that  it is smaller and lighter, being 
especially designed for use in heavy weather when No. 1 can not be safely operated, 
or ou doubtful or foul ground where tho apparatus is liable to be sacrificed. It is 
much used also for rapid towing in shallow water in the examinateion of fishing banks, 

Its dimensions are as follows : 
Beam: Iron pipe, length, 7 feet 6 inches; outside diameter, 26. inches; thickness of mctal, & inch. 
Collars, brass; width, 2 inches; thickness, 4 inch; length of flanges, 7 inches; diameter of bolts, 

Runners: Length, 4 feet; height, 2 feet 3 inches + 3 inches for height of beam; total, 2 feet 6 

Weight of trawl frame, 140 pounds. 
Rope for bridle, 2& inohes; manila. 
Rope for lead rope, 2 inches ; manila. 
Rope for head rope, 1& inches; manila. 
Trawl net: Length, 17 feet; size of mesh, square, 1 inch; matcrial, cotton, barked, 30-threrd; 

pooket, length, 6 feet; pocket, size of mesh, square, 1 inch; pocket material, cotton, barked, 
21-thread; jacket, length, 6 foot ; jacket, size of niesh, square, 3 inch; jacket material, cotton, 
barked, 16-thread. 

Q inch. 

inches; width, 2 inches; thickness of metal, Q inch. 

Float: Norwegian glase globe, diameter, 6 inches. 

THE TANNER BEAM TRAWL NO. 3. 

This handy little trawl has the same general form as Nos. 1 and 2, and is espe- 
cially designed for boat service. It was first used in March, 1894, for the scientific 
exploration of San Diego Bay, California, when it was so highly appreciated that it 
was at once adopted as a part of the dredging outfit of the vessel. Its dimensions are 
as follows : 

Boam: Iron pipe, length, 3 feet 6 inches; diameter outside, 1) inch. 
Bolts: Iron, square; diameter, 4 inch. 
Runners: Iron, flat bar, 14 by 6. inch; length, 2 feet 7 inches; height, 1 foot 1 iuch. 
Weight of frame, 16 pounds. 
Net: Material, cotton, barked, 21-tliread; size of mesh, 1 inch square; length of net, 7 feet; 

jacket material, cotton; thread, 24-6 stow, barked; size of mesh of jacket, 6. inch square; 
length of jacket, 2 feet 6 inches. 

Rope : Head, leech, lead ropes, and bridle, 9-thrcad manila; tow rope 15-thread manila. 
The several parts of the frame are secured by close-fitting square bolts through 

holes in the runners and flattened ends of the beam, set up with nuts. The legs of 
the bridle are secured to the runners with light seizings, anti the ends extended to 
the tail lashing, as in Nos. 1 and 2, for the purpose of recovering the net tail first, in 
case the trawl is caught on the bottom and the bridle stops part. 
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A float of cork is used upon the top of the net to extend its mouth. The pocket 
is omitted to save weight. 

THE BLAKE DEEP-SEA TRAWL. 

The Blake Trawl (cut 64) is designed for deep-sea work, as its name implies, 
and is not well adapted for use on the hard, sandy bottom usually encountered in 
shoal mater, owing to the limited height of the beam and restricted sweep of the lead 
rope. It is pr,ictically a double beam trawl with central beams, and lead ropes on both 
sides, so t h a t  it is a matter of indifference how it lands. 

This is ih great advantage which all deep-sea explorers will appreciate after operat- 
ing tho beam trawl, the successful use oE which depends upon its being landed on the 
bottom right side up, a feat which the expert will accotnplisli with rare exceptions, 
even in the greateRt depths ; bu t  the iuexperienced explorer will frequently discover, to 
his chagrin, that it has been dragging bottom side, up and the haul is a practical failure 
in consequence. The Blake trawl admits of a change of course in any direction and 
to any extent while it is dragging on the bottom, providing the dredge rope is not 
slackened sufficiently to allow it to kink. \ 

The disadvantage in the use of this trawl is the greater wash through its widely 
distended mouth during the ascent, which is injurious to the more delicate forms, but 

- 
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CUT 64.-Blake deep-sea trawl frame. 

this evil is largely compensated by the cheese-cloth lining and the protecting folds of 
the net. I ts  dimensions are as follows: 

BeamH, front and rear: Matorial, iron pipe; longth, 10 feet; diamcter outside, 22 inches; thickness 
of metal, pS inch ; holes in  ends, 2 inch square. 

Runners: Material, flat bur iron; width, 3 inches; thickness, inch; length, 4 feet 6 inches; 
height, 2 feet; holes for bcams, p inch square; holes for load rope, 1 inch diameter. 

Bolt8: Material, iron; sixc, g inch squarc, with thread and nut ;  leiigth, 34 iuohcs; roar with flat 
heads; front with eyes for bridle. 

Weight of fmmc,  200 pounds. 
Not ; Material, cotton, barked, 30-threuil; size of mcsh, sqiinrc, 1.b inch; *length, 20 feet. 
Pookat : Material, cotton, barked, 21-thread ; siee of mesh, square, 1 inch ; length, G feet. 
Jackct: Material, cotton, barked, 16-thread; size of nleBh, squarc, 3 inch; longth, G feet; lining, 

Rope, manila; lead and leech ropes; circumferenoe, 2 inches; bridle, 3 inohcs. 
Float, Norwegian glass globe; diameter, 6 inches. 

C h C C B C - d O t h .  

The space between tho front and rear beams, end sometimes the inner SUrfaCeR 
of the runnerR, are filled with netting tightly laced from side to side to increasc the 
lead into the mouth of the net; the former is of undoubted utility, as the upper lead 
rope sags. nearly to the levo1 of the rear beam, thus reducing the area of the opening 
nearly one-half. 
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To assemble the Blake deep-sea trawl, place the runners in position and secure the 
beams to them with the bolts which are habitually kept in the holes in the beam ends; 
those for the front one have heads terminating in eyes for the bridle, otherwise the 
beams are interchangeable. Attach the net by seizing the lead ropes through holes 
in the runners, leaving them with Black enough to sag to the beam; lace the leeches 
to the rear ends of the runners, and adjust the drawstring in the lower end of the 
pocket, leaving an opening about 2 feet in diameter. 

Seize the bridle to the eyebolts on the runners, using from six to eight turns of 
marline; gather in the end of the jacket, the cheese-cloth lining, trawl net, and the 
bridle legs, and pass the tail lashing. Hitch the mud bag to the eyes in the bridle 
legs, and attach as many trawl weights as required to frame and net, the number 
being determined by the depth of water, nature of the bottom, strength of current, 
and the state of the sea. 

This trawl is thejoint production of Commander 0. D. Sigsbee, Professor Agassie, 
and officers of the Blake, on which vessel it was brought into successful operation. 

MATERIAL FOR T R A W L  NETS.  

The webs from which nets are made for the beau trawl and the Tanner trawls, 
Nos. 1 and 2, are of three sizes, all barked. For body of net, 30 thread, 1-inch mesh, 
square, hanging 17  feet or 150 meshes deep; for pocket, 21 thread, 1-inch mesh, square, 
hanging G feet or 54 meshes deep; for jacket, 16 thread, $-inch mesh, square, hanging 
G feet or 108 meshes deep. For the Blake deep-sea trawl a larger mesh is used, 
though the web remains the same in all other respects. It is 30-thread, lh-inch mesh, 
square, hanging 17 feet or 100 meshes deep. The material for pockets and jackets is 
tbe same as that described for beam trawl nets. 

Material for the Tanner beam trawl net No. 3 is 2l-tbread, 1-inch mesh, square, 
and for the jacket, thread 2 4 4  stow, &-inch mesh, square. 

The hang of a web is its natural form, with the meslies square, occupying the 
same space in length and width. Square measure is the length of oue side of the mesh, 
and stretch measure is the total length of mesh when extended; hence the latter is 
double the former. Stretch measure is in general use among net-makers. 

Lead rope sinkers for trawl nets are oval in form, the larger size about 2 inches in 
length, 14 inches in diameter, arid a $inch hole through the center, while those for the 
Tanner No. 3 net are 14  inch in length, Q inch in diameter, and a #-inch hole. 

DIRECTIONS FOR MAKING T R A W L  NETS.  

BEAM TRAWL AND TANNER TRAWL NO. 1. 

To make a net for the beam trawl or for the Tanner t rawl  No. 1, cut from the web 
50 feet, stretch measure, or 300 meshes; take 4 fathoms of 7 .&inch manila rope, whip 
both ends, and middle it, also find the middle of one end of the web and hitch it to the 
headrope with a, netting needle, working both ways from the center; make a small eye 
in the headrope a t  each corner of the net, to serve as head cringles; tlieii continue 
down the sides of the apron, stitching them to the same rope for a space of 4 feet 6 
inches, taking up 45 meshes. There are BO meshes in the apron, but the remaining 5 
are left unroped for a purpose that will presently appear. The length of leech ropes, 
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although given as 4 feet 6 inches, is intended to reach the lead rope a t  its hitches on 
the rear of the runners. 

To prepare the other end of the web for the lead rope, cut a sweep of 30 meshes 
from it j whip the ends of a piece of 2-inch manila rope, 38 fathoms in length, for the 
lea,d rope; slip 18 or 22 sinkers ou it, as it is intended for deep or shoal-water work; 
middle it, and measure off 7 feet each way, marking the points permanently, thus indi- 
cating the length of the lead rope, 14 feet. Commencing at the middle of rope and 
web, hitch them together with a netting needle as before, distributing the sinkers 
evenly along the former, then splice the leech ropes to it, commencing at the mark8 
and sticking the strands outward. 

The leech ropes should be spliced a t  the 4 feet 6 inches mark, thus leaving the 5 
unroped meshes in a bight between the leech ropes and the lead rope, for without this 
precaution the net will invariably give way a t  that point first. Now bend the net 
temporarily to its frame and hoist i t  up until the web swings clear of the deck; then 
let a man get into the bight of the web and mbve baok and forth until he has found 
the lowest point; cut it and stitch the sides together, beginning at the junction of 
leech and lead ropes, working toward the tail of the net. This done, turn it inside out 
And stitch the pocket on 12 feet and the jacket 6 feet from the lower end, or so that 
the bottom of the latter and the tail of the net will hang evenly. Run a drawstring 
through the lower meshes of the pocket, and seiae the float to the back of the net 
above and a little forward of the lead rope. 

A cheese-cloth lining is sometimes stitched to the jacket for deep-sea work, but 
it is of doubtful utility, as the net usually brings up sufficient bottom soil to protect 
delicate forms during the ascent of the trawl. If used, it should hang evenly with 
the jacket and tail of the net, and extend not more than 2 feet above the lashing. 
When completed the net may be unbent and stowed away until required for use. 

Trawl nets have beer) kept in c;tnvas bags, but the practice is not recommended. 
They keep better in a bundle, tied as loosely as circumstances will admit. 

NET FOR THE TANNER TRAWL NO. 2. 

The No. 2 nets are usually made in pairs in order to economize material, which is 
the same in all respects as that used in the larger nets. Cut from the web a piece 
containing 108 meshes, or 18 feet rJtretcli measure, and another with 73 meshes, or 12 
feet stretch measure; cut both in half lengthwise and use one long and one short 
piece for each net. 

Take 17 feet of 14-inch manila rope, whip both ends and middle it, a180 middle an 
end of the longest web and hitch it to the rope with a netting needle, working each way 
from the center; make a small eye in the head rope at each corner of the net to serve 
as head criugles; then continue the roping down the sides of the apron 3 feet 6 inches, 
or sufficient length to reach from beam to lead rope without strain, taking up 32 of 
the 35 meshes, the remaining 3 being left unroped. 

Cut a sweep of 21 meshes from one end of the shorter web, take 14 feet of 2-inch 
manila rope, whip the ends, middle it, measure 4 feet 9 inches each way, and mark the 
points to indjcnte the length of the lead rope, 9 feet 6 inches; slip on 15 sinkers and 
distribute them equally j then stitch the rope to the web, and splice the leech ropes to 
the lead rope. The marks on both should be brought together, leaving the 3 unroped 
meshes in a bight between them. 
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Bend the net to its frame, trice it up, and stitch the sides together, turn it inside 
out and attach the pocket 9 feet and the jacket 3 feet from the lower end of the net. 
The materials for pocket and jacket are the same as in the larger nets, but the latter 
is only half the width, t h e  other half being used for the second net of the pair. Run 
a drawstring through the lower meshes of the pocket and seize the float to  the top of 
the net over the lead rope. 

NET FOR THE TANNER TRAWL NO. 3. 

The body of the net is made from the web used for pockets in the larger nets, 
21-thread, 1-inch mesh, square, hanging 54 meshes or G feet deep. Two pieces of 40 
meshes each are cut from the web, and using 9-thread manila the liead and apron are 
roped, the latter containing 20 meshes on leech ropes 26 inches in length. For the 
lead rope take 7 feet of 9-thread manila, whip the ends, middle it, measure 2 feet 3 
'inches each way, and mark the points to indicate its length, 4 feet 6 inches; cut a 
sweep of 10 meshes from one end of the second piece, stitch it to the lead rope, first 
dipping on 8 sinkers weighing about t pound each, and distributing thein evenly 
along its length. Splice the leech ropes into the lead rope, stitch the sides of the net, 
and square the lower end. 

The jacket, 2 feet 6 inches in depth, composed of 24-6 thread stow, +inch mesh, 
squwe, is next stitched on, and the float seized in place, the pocket being umitted to 
save weight. 

THE BLAKE DEEP-SEA TRAWL NET. 

From the web, which is 30-thread cotton, l&-inch mesh, square, hanging 17 feet 
or 100 meshes deep, cut 172 meshes, or 43 feet stretch measure: take about 31 feet of 
2-inch manila rope, slip 13 sinkers on one end, then make three small eyes along its 
length, the first 4 feet from the end, the second 10 feet 8 inches in the clear from the 
first, and th0 third 2 feet from the second. Slip 13 sinkers over the other end of 
the rope and make a fourth eye 10 feet 8 inches from the third; connect the ends with 
a long splice, leaving 2 feet between the fourth and first eyes, thus forming the two 
lead ropes 10 feet 8 inches, and two leech ropes 2 feet in length. The web, which is iu 
one piece, is prepared for roping by cutting a sweep of 6 meshes from the first 
70; then, with an interval of 18 meshes, cut another sweep of G meshes within the 
next 70, and, with a netting needle, hitch the first sweep to the first lead rope, taking 
up 70 meshes, then 18 meshes as a leech; 70 on the second lead rope, arid 18 on the 
second leech. Commencing a t  the lead rope, lace the ends of the web together, then 
turn the web inside out and attach the pocket and jacket, the former 12 feet and the 
latter 6 feet from the tail of the trawl net. 

Should a, cheese-cloth lining be added, stitch it to the jacket so that it will not 
extend more than 18 inches or a t  most 2 feet above the tail lashing. 

The float is seized to the bight of a bridle the ends of which are lashed to the 
sides of the net, between the upper and lower part8, in such a manner that it mill 
hang near the lead ropes, but can not float outside of them. Run a drawstring 
through the lower meshes of the pocket. 

' 

GENERAL REXARES. 

The meshes are spaced wider on the lead ropes than on the leeches .or ends, and 
they should be Rpaced closer near the corners than in the middle sections, in order to 
equalize the strain on dillerent parts of the net. 
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In  selecting material for lead ropes, particularly for the Blake deep-sea trawl net, 
Letter results will follow by using rope that has been a short time in service, as a 
tackle fall for instance, uutil the extra turns  are taken out of it 2nd it has become 
pliable arid well set. Condemned runniug rigging has been used, but it is not recom- 
mended, owing to its uncertain strength. The practice of bending trawl nets to  their 
frames as Boon as they are roped and tricing them up while the 
side seams are being laced and pockets and jackets attached 
is recommended, as the finished net invariably sets better when 
so treated. 

A trawl net should set very loosely on its frame when dry, 
for if it  fits snugly then its shrinkage when wet will be suEcient 
in most cases to  impair its usefulness. 

The net length is given for head, leech, and lead ropes, 
no allowance beiug made for shrinkage by wetting, as that 
depends largely upon the rope used. 

THE DREDGE. 

The dredge in ordinary use on shipboard is shown in cut 
65. It is composed of a pair of beveled jaws flaring about 12 
degrees and joined together by an iron stud at each end, which 
is welded to the jams. The net is laced through holes along 
the back edges of the jaws, and protected from chafing on the 
bottom by a, canvas shield which is drawn over it and laced 
through the same holes. 

Iron arms serve as a bridle. One arm is 8 little shorter 
than the other and is secured to the larger one by a seizing 
which is intended to part whenever undue strain is brought 
upon it, allowing the dredge to be drawn up by one arm, in 
which position it would be most likely to free itself from an 
obstruction. Its dimensions are as follows: 

Jaws: Length, 2 feet; width, Z+ inches; opening between, 8 inches; 

Stud : Length, 6 inches ; diameter, round iron, Q inch. 
Bridle: Diameter, round iron, 9 inch; weight of metal part, 26 

pounds. 
Net: Length, 3 feet 6 inches; size of mesh, sqnare, 1 inch; matterial, 

cotton, barked, 30-thread; jacket, length, 2 feet 6 inches ; jacket, 
size of mesh, + inch; jacket matorial, cotton, barked, 16-thread; 
bottom lining, cheese-cloth. 

angle of 12 degrees. 

CUT 65.-The common 
dredge. Shield: Length, 3 feet 8 inches; material, No. 2 cotton canvas. 

THE CHESTER RAKE DREDGE, 

This admirable instrumellt (cut G6) was devised by Capt. H. C. Ohester for the 
purpose of collecting mollusca, annelids, crustacea, etc., which burrow beneath the 
surface out of reach of any other apparatus in use on board vessels of the U. 8. Fish 
Commission. The rake is shackled to the dredge rope, and a Blake dredge secured 
to eyebolts on the rear of its frame, follows it as it is dragged over the bottom, and 
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picks up whatever it turns over with its strong harrow-like teeth. Its dimensions 
are as follows: 

CUT 66.-The Chester rake 
dredge. 

Frame: Length, 3 feet; depth of opening, 10 inches; width of 

Teeth: Length, 7 inches; width of base, 2+ inches; thickness of 

Arms: Length of long arm, 3 feet 5 inches; length of short arm, 

metal, 2+ inches; tliickness of metal, +-inch. 

metal, base, f-inch. 

3 feet 3 inches; diameter, round iron, %-inch. 
Weight, 79 pounds. 

THE BLAKE DREDGE. 

The ordinary dredge, having its jaws set at  an angle, 
naturally grips the bottom and will plow into it and bury 
itself if the soil is light and soft. This is a necessary feature 
on hard, sandy bottoms, but a serious detriment in the soft 
ooze of the deep sea. Various devices were resorted to by 
Lieut. Commander Sigsbee 011 board the Blake, resulting in 
his “improved dredge,” known aboard the Albatross as the 
Blake dredge (cut 67). The following description is from 
Sigsbee’s Deep-sea Sounding and Dredging : 

By reason of having far ing mouthpieces and a flexible body com- 
posed of the bag and shield, the old pattern dredge is almost sure to  
plow deeply into yielding bottoms. Since the object sought in  the 
fashioning of the new dredge was to  effect a skimming of the bottom 
rather than a deep penetration therein, a very decided departure from 
the form of the old dredge was necessary. The frame of the new is a 
rectangular skeleton box made of wrought iron. The mouthpieces are 
flat, beveled on the forward inner edges, perforated along the rear edges, 
as on the old dredge, and riveted t o  the skeleton or bar iron portions 
of the framework, in  which position they are held parallel. 

The rear of the upper and lower sides of the skeleton are connected 
by three riveted braces. the whole framework being rigid. A tangle bar 
of lieavy wood, bar iron, or iron pipe, t o  carry tho weights and tangles, 
has seized to  it three sister hooks, which are hooked severally arouud 
tho braces and moused. The arm8 are like those of the old dredge, one 
arm being longer than the other. A netting bag and canvas shield, as 

in the case of the old dredge, arc stitched with pliablo wire to  the dredge frame. A trap like that  of 
the trawl is fitted inside the main bag. The bottom of the main bag is stopped to the middle hrace 
at the rear of the frame. Each flap of the cniivns shield is turned over and around its own side and 
end of the skeleton frame, and stitched to  i ts  own part  with stout twine, presenting a tolerably 
smooth sliding surface. 

Albatross : 
The following are the dimensions of the Blake dredge as used on board of the 

Jaws: Length, 4 feet; width, G inches; thickness of metal, Q inch; distance of holes from edge, Q 

Skeleton frame: Length, inchiding width of jaws, 4 feet; diameter of round iron, + inch; diameter 

Long arm, length, 4 feet ; short arm, length, 3 feet 9 inches. 
Diameter of round iron, both arms, 
Weight of dredge and frame, 81 pounds. 
Shield, cotton canvas, No. 2. 
Net: Length, 5 feet; size of mesh, square, 1 inch; material, cotton, barked, 30-thread. 
Jacket: Length, 3 feet; size of mesh, square, 4 inch; material, cotton, barked, lG-thread. 
Bottom lining, cheese-cloth. 

inch; dhtance between holes, 2 inches; depth or opening between jaws, 9 inches. 

of braces, 4 inch. 

inch. 
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BOAT DREDGE. 

The boat dredge is essentially a miniature form of the ordinary ship’s dredge 
already described, and is designed for use from boats where it must he worked by 
hand. Its dimensions are as follows: 

Jaws : Length, 1 foot 7 inches ; width, 24 
inches; opening, 7)inches; angle, 12 
degrees. 

Stud: Length, 6)inches; diameter, round 
iron, 4 inch. 

Bridle: Diameter, round iron, ) inch; 
length, 1 foot 5 inchee. 

Weight, 15 pounds. 
Net: Length, 1 foot 8 inches; sizo of 

mesh, square, & inch; material, cat- 
ton, 3-thread, bottom double. 

Sllield : Length, 2 feet 8 inobes; material, 
No. 3 cotton cauvas. 

THE OYSTER DREDGE. 

The oyster dredge is of the orcli- 
nary commercial pattern used in 
Chesapeake Bay. The rake is a flat 
bar of iron G feet in length with 1ii11u- 
erous projecting teeth. The bag is 
composed of a rietwork of wire linlcs 
and has a capacity of about 15 
bushels. Thedredge mouth is kept 
opeu by an iron frame. This dredge 
is used solely for the collection of 
rnollusca. 

THE TANGLES. 

The present form of tangles (piate 
XXXIII) was devised by the writer in 
1884 and they have since been used 
on board the 4 lbatross for collecting 
on rocky bottoms, coral reefs, and 
other foul ground, capturing a great 
variety of specimens wliere no other 
appliance can be made available. 

The bow a is made of springtoinpored steel and permits the bars to close with a 
pressure of between 300 and 400 poiinds applied to their extremities, so that the 
apparatus.wil1 pass betwoen rocks or other obstructions which permit the passage of 
the bow arid sinker. 

Each tangle is secured to its bar by a 14 inch eyebolt, which draws at a tension 
of about 1,000 pounds, releasing its tangle when irretrievably fouled on the bottom 
without endangering the loss of the whole apparatus. The tangle bars are made 
separate from the bow arid attwhed by bolts and nuts a t  e to aecure better stowage 
and make the parts lighter to handle. The semicircular arm$is intended to raise the 
forward end of the tangle frame a fern inches oE the bottom; also to act as a shoe in 

CUT G7.-The Blake dredge. 
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dragging over rocks or other uneven surfaces. It is held in position by the eyebolt g, 
which is square and fits snugly in square holes in the arm and bow. 

The tangles are, in material, size, and structure, practically the same as the deck 
swabs in general use on board ship. 

THE TABLE SIEVE. 

The table sieve, plate XXXIV, fig. 2, is an outgrowth of the cradle sieve, fig. 1, 
which was formerly used for washing the contents of the dredge, the more bulky loads 
of the trawl having been emptied on deck. The fir& table sieve was devised by Capt. 
H. C. Chester and Prof. A. E. Verrill, and consisted of a rectangular table supporting 
a fine sieve, and over i t  the hopper with its coarse wire netting. The canvas bottom and 
chute were added by Mate James A. Smith, U. S. N., executive officer of the U. S. S. 
#peedwell, while in the employ o€ the United States Fish Commission, about 1877. 

To prepare the table sieve for use, place the sieve c in the frame a ou cleats 
provided for i t  a few inches above the canvas bottom d; then place the hopper in the 
frame over the sieve and carry the chute e to a scupper. 

The table legs are now made detachable, which materially reduces the space 
required for stowage. 

THE CRADLE SIEVE. 

This sieve was devised by Prof. A. E. Verrill, in the early days of the United 
States Fish Commission, for the purpose of rapidly washing out the mud brought up 
by the dredge. It has wooden ends, nearly semicircular in form, joined by narrow 
strips which are let into the end pieces so as to present a smooth surface. A fine 
netting is drawn over the surface, and supported by an outer netting of coarse mesh 
secured firmly to the ends and side pieces. An inner sieve with coarse mesh rests on 
and partially inside of the main sieve,. It is intended to be hung over the vessel’s 
side by means of a rope bridle attached to iron straps on the end pieces. 

T H E  STRAINER. 

The strainer, fig. 3, was introduced on board the Albatross, in 1883, by Mr. James 
E. Benedict, resident naturalist, for the purpose of straining all water used for washing 
mud and ooze from specimens in the table sieve. By this means minute forms of 
crustacea, annelids, foraminifera, etc., are recovered at  small expense of time and labor. 

An oil barrel was cut down until i t  would slide 
under the table sieve. Three iron drain-pipes are inserted in the side, one diagonally 
over the other, and attached to them are three strainers, u, b, and e, made of liueri 
scrim, through which the water i8 drained as it rises successively to the level of 
each. The combined areas of the three are sufficient to carry off the water supplied 
by the steam hose under ordinary circumstances. When i t  is to be used in connection 
with the table sieve the long chute e is removed, and a short one about a foot in length 
is substituted, the water being discharged directly into the strainer. 

Its construction is very simple. 

T H E  TANNER IMPROVED DREDGING QUADRANT. 

The dredging quadrant (plate XXXV) in its original form was designed by the 
writer as the most convenient and practical method of ascertaining the position of 
trawl or dredge in deep-sea exploration by observing the angle of the dredge rope. 
The present form is simply a refinement of the original. 



Di?nt~srimis of crndle sieve. 
Length, 3 feet, 
Breadth 16 feet. 
Depth, i f& .  
JTidtli of side pieces 31 inches. 
Thickness of side pih& and end-, 1 inch. . 
Depth of inner siex e, 8 inches. 

Fig. 1. CRADLE SIEVE 

Table frame : 
Length, 5 feet 6 inches. 
Breadth, 3 feet 2 inches. 
Depth, 1 foot. 
Heivht from deck to  top of frame, 3 feet 2 inches. 
Th&ness of planks. 1 inch. 

Fig. 2. TABLE SIEVE. 

Dimm.dons of table sime 

Fig. 3. STRAINER 

Hopper : Siere: 
Length top 5 feet 9 inches. bottom 4 feet. 
T id th ,  h p ,  '3 feet 5 inches ;'bottom,' 0 feet 6 inches. 
Depth, 1 toot  1 inch. 
Thickness of planks, 1 inch. 
Size of mesh, palr:luized-iron Tire netting. 8 inch. 

Length of frame. 5 feet 3 inches. 
Breadth, 2 feet 11a inches. 
Depth, %a inches. 
Tliickness of planks, lt inchea. 
Size of mesh, galvanized-iron mire netting, *2 inch. 

Bottom. So.  4 cotton canva8. 
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THE TANNER IMPROVED DREDGING QUADRANT. 

FIG. 1. Instrument ready for we. 
FIGS. 2. and 3. A sectional view. 
FIG. 4. End view at D. 
FIG. 5. Sectional view of the rod D, frame A, and spring E. 

A'omenclatul-e: A, Frame. B, Pendulum. 17, Scale. D. Rod. E, Spring catch. F, Elliptical spring. 
X 
X 
X 
5 
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The frame A is composed of two pieces of black walnut, or other suitable wood, 
each 2 feet in length, 2 inches wide, and & inch thick, scored on their inner surfaces 
to receive the rod, springs, and pendulum. 

The back part of the frame has a semicircular projection, to which the scale C is 
secured. The pendulum 13 is of brass, 4 inches in length, weighted with lead at  its 
lower end to iusure prompt action. There is a disk at  its upper extremity with a 
milled surface, and it is suspended on friction bearings which allow it to swing freely. 

The rod 10 has a knob on its outer end for convenience in working, and to its inner 
eud is attmhed the elliptical spying I?, composed of spring brass, which is intended to 

CUT 68,-The angle and soopo of the dredge rope. 

grip the milled head of the disk and hold the pendulum securely in place whenever 
the iiotch in the rod D is freed from. the spring catch B. To release it from the em- 
brace of the spring, press on the knob with the palm of the right hand until the notch 
in the rod D is engaged by the slot iu the spring catch E; the elliptical spring F is 
thus distended, the friction removed from the disk, and the pendulum given unob- 
structed movement. 

The scale 0 is of brass, secured to the frame by brass,screws; it is graduated on 
both sides from 200 from the perpendicular to  900 or horizontal, so that it can be used 
on either side of the vessel, whether backing or going ahead. A guard of round 
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brass rod is secured inside ofthe scale to  strengthen the frame and prevent its warp- 
ing, also to protect the pendulum point which swings between i t  and the scale. 

To use the dredging quadrant grasp it in both hands, straight edge up, knob 
to the right; see that the pendulum swings freely; then take a favorable position 
(cut 68), cast the eye over the straight edge of the quadrant, inclining it to tlie angle 
of the rope, a t  the same time sweeping it back and forth until they are parallel; then 
lock the pendulum by pressing the spring catch E with the thumb of the right hand. 
The angle of the rope from the perpendicular may then be read from the scale. 

The following illustrative example explains the principle of' the dredging quadrant 
and its practical application : 

Given the depth, 1,000 fathoms, and the augle 400, what is the scope of dredge 
rope required to insure the landing of tlie trawl on the bottom? 

Enter Table 11, Bowditch, or any table for the solution of plane right triangles, 
with 400 as a course, and find the depth, 1,000 fathoms, in the diEerence of Iati- 
tude column (taking one-tenth of the amount), 100.4 being the nearest number. 
Opposite to this, in the distance column, is 131, which being multiplied by 10 gives 
1,310 fathoms, the hypotenuse of the riglit triangle we have constructed. As the rope 
has a catenary curve it is necessary to make an allowance in order to  insure the trawl 
reaching and remaining on bottom. Experience teaches that about 200 fathoms is 
sufficient with above depth and angle; therefore, with a scope of 1,600 fathoms, and 
the angle of the rope maintained between the limits of 350 and 400, a successful haul 
may be anticipated so far as the landing of the trawl on the bottom is concerned. 

The speed at  which it can be dragged varies from 2 to 29 knots per hour, depend- 
ing upon the state of the sea, the currents, and the character of bottom. It can be 
regulated after a little practice so as t o  confine the angle of dredge rope within the 
limit of 50; henbe there is a wide margin as to its scope, which is governed largely by 
the speed at which it is desired to drag the trawl or dredge over the bottom. 

SURFACE AND INTERMEDIATE COLLECTING. 

The surface tow net was among the first devices of the naturalist for collecting 
minute animal and vegetable forms ou the surface, and the same apparatus has been 
used at  intermediate depths, although its range was confined within narrow limits, 
usually but a few fathoms, and even then it was not entirely satisfactory, as specimens 
would naturally find their way into the net while it was being hauled to the surface, 
the exact depth of their habitat remaining a mystery. 

The ring of the surface to6 net in common use is from 18 to 18 izlches in diameter, 
made of &-inch iron or brass rod. The best nets are of silk gauze, or bolting-cloth, 
although they may be made of cheese-cloth or other suitable material. They are 
usually towed with a small line either astern or over tlie side when the vessel is 
moving slowly through the water. 

The dip net has been in constant use on board the Albatross. Its ring resembles 
that of the surface tow net, but is usually made of heavier wire, and i t  has a shank 
which is inserted into a staff, preferably a bamboo pole of sufficient length. The net 
is of silk bolting-cloth. 

This device may be used at any time when the vessel is lying without headway 
or moving very slowly through the water. Its greatest achievements have been in 
connection with the electric light. At night, preferably from one to three hours after 
dark, the vessel lying broadside t o  the wind and without headway, an ordinary 
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Xdison 50-candle incandescent lamp, attached to a properly insulated cable, is lowered 
froni the lee gangway, G feet or more froiii the ship's side, just sutticiently to keep it 
submerged with the ordinary motions of the vessel. 
Slow-moving forms which are floating on the surface 
collect in large numbers at the water line as the vessel 
sags slowly to leeward and more active species gather 
to feed upon them. As soon as the light is lowered, 
t,he latter gather around it, as moths about a candle, 
sometimes in great swarms, and it is then that the net 
reaps its richest harvests. 

Surface collecting has always been a marked foa- 
ture in  thework of thealbatross, and improved methods 
were sought from the first. The opportunities for this 
line of investigation, without interfering with other 
work, were unprecedented, as the net above described 
could be used whenever the vessel was hove to for 
sounding, etc., and the tow net was available from the 
time the trawl was put over the rail until it was on 
board again, from half an hour to six or eight hours 
later. Observing this, it seemed that something might 
be done to develop this field of inquiry, and various 
devices were tried from time to time with greater or 
less success until, on the 8trh of May, 1885, the present 
form of surface tow net, devised by the writer, was 
first used and became a part of the regular scientific 
outfit. 

IMPROVED SURPAUE TOW NET. 

The ring is of @inch galvanized iron, 4 feet 14 
inches in diameter; the net lies a $inch mesh, thread 
24-6 stow, barked, 10 feet in length, same size through- 
out, and has a pocket of the same material 5 feet in 
length, which is formed by turning in a portion of the 
upper end of the net, thus doubling the material for 
5 feet from the ring. A small cord is passed around 
the net between the parts, and is included in the turns 
of the lashing which secures the net to the ring. There 
is a drawstring in the lower end of the pocket. 

A mosquito-net lining is secured on the lower inside 
portion of the net, and hangs a foot below it, in order 
that  it may have sufficient slack to insure the outer net 
taking the strain of towing. An ordinary surface net 
with 12-inch hoop and e silk-gauze beg, 20 inches in 
length, is suspended in the mouth of the larger net 
by four bridles of sniall Stuff secured to the ring; it 
is intended to collect minute forms that might pass 
through the coarser material of the large net. A 28-inch 
manila rope bridle with four legs is secured at equal dis- CUT 69--1mproved surface tow 
tames around the ring, and a 3-inch rope hitched through the bight is used for towing. 

' 



368 BULLETIN OF THE UNITED STA'I'ES FISH COMMISSION. 

I n  preparing the net for use it is advisable to lash tshe liniiig separately as near 
the end as practicable and place it inside of the net, lashing the end of the latter in 
such a manner that the former will rest entirely upon it, relieving the more delicate 
material from the strain of towing; otherwise i t  will be ruined by the great volume of 
water passed through it. It is towed from the swinging boom a t  about 2 knots per 
hour, and, when the vessel is engaged solely in surface collecting, two nets are used 
a t  the same time, one a t  each boom. 

TOW NETS FOR INTERMEDIATE DEPTHS. 

A large tow net was devised by the writer, a t  the instance of Professor Baird, for 
the purpose of taking fish at the surface and a t  intermediate depths. It was used for 
the first time on May 8, 1853. 

The ring was made of 1-inch round iron, and was 10 feet in diameter; the net, 
1-iuch mesh and 20 feet in length; the bridle had four legs, which were seized at equal 
distances around the ring, and the steel-wire dredge rope was used as a tow line. 

This apparatus was towed at various depths, from surface to bottom, a t  speeds 
ranging from 2 to 7 knots per hour, but it failed utterly iu so far as the capture of 
pelagic forms was concerned; any fish which had sufficient celerity of movement to 
escape a beam trawl would avoid this net. The trouble seemed to arise from its 

for when used at night its tracks several fathoms below the surface could be 
distinctly seen. On one occasion, when a school of mackerel was attacked with it 
on a dark night, we could see the mass separate only a few feet iu advalnce and then 
promptly close again in its rem, and not one was caught. The school mas so dense 
that it seemed impossible to drag so large a net among them without catching one or 
two at least; but after an hour or more of towing in every direction a t  varying speeds 
from 1 to 8 knots, without the capture of a single specimen, we gave it up as a failure. 

Surface tow nets attached to  the dredge rope were used on board the Challenger 
for intermediate collecting, but a knowledge of the depths a t  which the specimens 
were secured was still lacking. The same practice was followed on board the Pis8 
Hawk until we improved upon it by adoptiug wing nets, which were attached to each 
end of the trawl beam, and performed the functions of collectors froin surface to 
bottom, and thence to the surface again. They were like an ordinary surface tow net 
with a pocket added. The material was cheese-cloth, and behg much finer theu any 
portion of the trawl which they accompanied, they usually contained a miscellaneous 
collection of small forms, many of which would not have been secured by any other 
method in practice at that time. Of course, we had little knowledge of the depths at 
which the various forms were secured. Such as were commoii to both wing net and 
surface net were, in a general way, assigned to areas within the influence of sunlight, 
while those found in the wing nets alone were allotted to depths more profound. 

THE TANNER INTERMEDIATE TOW 'NET, FIRST PATTERN. 

This net (plate XXXVI) was improvised at sea from materials a t  hand after the 
failure of other apparatus. Its purpose is to collect animal life from kuown inter- 
mediate depths, and although it has been superseded by a later pattern i t  is repro- 
duced as a guide to others who may wish to construct a similar net with the slender 
resources usually available on shipboard. 

The ring a is of brass, 2 feet 9 inches in diameter, with a four-legged bridle b, 
secured to eyes spaced at equal distances around it and shackled to the lower link of 
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Nomenclature. 
a. Rinf brass. 
b. Uri le, ratline stuff. 
c. Lower bridlc, 2-inch manila. 
d. Sinker, 60-pouiid sounding shot. 
8 .  Tocele. wood. 
f. HiZks ' for  clrnw string. brnas. 
g. Weights for operatin draw-string, lead. 
h. Sinker cast iron, witk wrought links. 
i. Frio tidn clamu: franie.l~ras8: tumbler. stecl. 
j .  Tumblcr. 
k Messenger castiron. I' wranrtl Ripel. .. . . _ _  ~ 

m Tripping -1iues cod line cotton or flnx. 
n: Net cotton &ad 244 Atow barked, &.inch 

rn'esh (squnrc), +.inch strctcli nicnsure; 
fimt Iinine. rnosouito net lowei* Iinlf: 
second liniTig, silk' gnuno lower quarter; 
guide ring8 for drawstring, brass. 

o. Drnwstrina braided cord or 0011 line. 
p. Lashing, Gd line. 

THE TANNER INTERMEDIATE TOW NET, FIRST PATTERN. 

P'IG. 1. Apparntiia roady to  lie sent down. Tho mossonger k is also xhown or1 tho tow line, rtbove the friotion 

FIG. 2. Enlarged vielv of inos~('iigo~', showing mores in  which tho lr~sliiiigs :ire placod to hold tho two ptirts 

FIG. 3. Eularged viow of sinker, with links arid shrscltlos, showing the maunor of iittaohiug hhe tow line and net. 
FIG. 4. Side view of friction clamp i ,  with tumblorj  mid wrench 1.  
FIG. 5. Eud view of ol;imp i .  
I"(;. 6. Enlarge11 view of not, showing t h o  lowor part closod :M follows : T l ~ o  inossonger was sent down and its 

Impact ovorturuod tho tiiniblor, roloanod tho tripping lilies, which aJlowetl t ho  weiglits to fall, and by their weight 
briug snlfioient st,raiii on t,he clrriwstriug to close tlitr bag lis shown. 

clomp i. 

fogetlior when i t  is sent down. 
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the sinker h. The dredge rope is shackled to the upper link and serves as a tow 
line. The lower bridle c has two legs, each 10 feet in length, of 2-iuch mauila rope, 
the free ends seized to opposite sides of tlie ring and a (i0-l)ound sounding shot toggled 
to the lower end as a sinker to insure the apparatus going down verticnlly. The net 
n is cylindrical in form, 54 feet long, the lower half lined with mosquito net and 
the lower third wit8h an additional lining of silk bolting-cloth. The tail lashing p 
having been adjusted, oiie erid is carried down and .made fast to the lower bridle a t  d 
to keep the net in place while i t  is beiiig lowered. 

Pour small brass rings are stitched to the net a t  equal intervals: a few inches 
below the upper edge of the silk lining, through which is rove a tlrawstriiig of' braided 
signal halyard stuff', or soft white cod line, which malres a round turn, the ends being 
finally passed in opposite directions tlirougli the same ring, rove through blocks on 
the bridle legs and bent to t h e  weights 8, which weigh 14 pounds each. Two tripping 
lines iu, of cod line, with eyes in their upper ends, are hooked over the tumbler ,j of the 
friction clamp i; the other ends are pessed down through leads on the ring a and bridle 
legs c, and bent to the weights g, suspending them at the height of the drawstring 
blocks, allowing tlie drawstring to hang loosely about the net and the latter to retain 
its natural form while going down and until it is closed by the action of the messenger. 

To w e  the net, prepare it as in fig. 1, lower ie'verticdly, from 20 to 25 fathoms 
per minute, until i t  reaches the desired depth, aud tow it from 16 to 2 knots per hour, 
heaving in, veering and varying the speed, in order to maintain i t  at the proper depth, 
which can be determined within a few fathoms by observing the angle of the towline 
with the dredging quadrant. 

To recover tlie net, stop and back until the towli~ie is vertical, heaving in during 
the operation in order to maintain the net a t  the same depth at  which it had been 
towed; then send the niessenger down to act oii tumbler of friction clamp, release 
tripping lines, and clofie lower part of net (fig. 6). The messenger is in two parts, 
which are held on the towline by seizings of marline. It siuks from 100 to 110 
fathoms per minute, and the impact can usually be felt by grasping the towline. 
When the lower net is closed, steam ahead a t  the usual towing speed and heave in 
a t  the rate of 25 to 28 fathoms pei~miiiute, according to the state of the sea. 

The net has been used successfully in 1,700 fibthoms, yet it was looked upon as a 
makeshift. I ts  principal weakness was due to the action of the sinker d, which was 
necessaryin lowering, but caused the net to tow a t  such au angle that the useful 
area of the ring was greatly reduced, whereas fully three-fourths of the area is 
operative in the improved pattern. 

THE TANNER INTERMEDIaTE TOW NET, IMPROVED PATTERN. 

This apparatus (plate XXXVII) is the same in principle as that already described, 
and its function, the collection of animal life froiii known intermediate depths, is also 
the same, but its efficiency and certainty of action are increased, and i t  is more easily 
operated. 1t.s frame is composed of brass pipe and fittings of commercial pattern, 
carrying a net so arranged with drawstritig, movable weights, tripping lines, friotion 
clamp, and messenger that its lower part can bo closed a t  will. 

General clesoription.-The ring a is 2 feet 5 inches inside diameter, composed of 
brass pipe li+ inch outside diameter, bent in a circular form, tlie ends ,joined by a 
union. On the ring are four tees, two on each side, spaced G inches apart, and secured 

B. C. B. 1898-24 
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in place. The half of the ring opposite the union is filled with lead, which gives it 
a preponderance of about 10 pounds. 

Tlbe arms b are of brass pipe of the same diameter as that of the ring; the lower 
ends are screwed into tees which move freely on the ring between those above 
mentioned, the upper ends having a hinge joint held in place by the shackle pin. 

The legs c, four in number, are also of brass pipe, E of an inch outside diameter 
and 5 feet 58 inches total length, with net length (from lower side of r ing to apron) of 
5 feet. The lap of legs over the apron is 44 inches, and the upper ends screw 1 inch 
into their respective tees. 

The apron d is of sheet brass Q inch thick, 18 inches in length; straight on the 
upper edge, the lower part semicircular with a radius of 10 inches. It is secured to 
the flattened extremities of the legs by two screwbolts e in each end, f6 inch in 
diameter and 24 inches in length. An oblong hole in the central upper part of the 
apron is for the purpose of securing the tail of the net, in order to prevent its floating 
up or beconiing entangled while being lowered. 

The functions of the apron are threefold : First, to afford rigid and secure fastenings 
for the lower ends of the legs; second, by its form to aid in guiding the net down 
vertically when lowering, and, finally, to give the apparatus a tendency to take a 
horizontal position when towing, .thus increasing the area of collecting surface within 
the ring. The heavy weights are all at  or near the ring while the net is being lowered 
and towed, and there is a preponderance of 70 pounds on one side of it, so placed as 
to cause the apron to expose its flat surface to the water and greatly increase the 
tendency of the light rear end to seek the level of the more ponderous weighted ring 
whenever it is moving forward. 

Blocks f, four in number, for operating the drawstring, are of brass, 14 inches in 
length. Two of them are secured to a pair of legs by through bolts, riveted 2 feet 4 
inches above the apron; the others are seized with wire to the tees holding the upper 
ends of tho other pair of legs, upon which the movable weights traverse. 

The movable uwights g, of lead, two in number and weighing 30 pounds each, are 
provided to put the required tension qn the drawstring when it is desired to close the 
net. They are eggshaped, 4 inches in diameter by 9 inches long, and have an inch 
hole through the center; #-inch holes in lugs at  their upper extremities furnish a 
convenient method of attaching the drawstring and tripping lines. 

The sinker h is of cast iron, 130 pounds weight, oblong in form, with projecting 
links of wrought iron at  each end, through which shackles for attaching tow net and 
dredge rope pass. The sinker is used to facilitate lowering the net, and to provent 
kinking the steel dredge rope or tow line. 

The friction clamp i is composed of brass and steel, the barrel of the former metal, 
the eccentric tumbler k ,  sliding chocks, striking face, and adjusting screw of the latter. 
A small steel wrench m is provided to work the adjusting screw. 

The messenger 1 is of cast iron, 9 pounds in weight, made in halves, with two 
scores on the external surface for convenience in passing Iashings. To use it, pass 
the halves over the rope and take a few turns of a lashing. The hole in the messenger 
is sufficiently large to allow it to pass freely over splices in the dredge rope. 

The net n is &-inch square mesh; thread 24-6 stow, barked; it is seized to the 
ring with seine twine, and hangs 6 feet 6 inches in length, the same size throughout. 
It is lined with mosquito netting the whole length, and there is an inner lining of silk 
gauze extending up 3 feet 6 inches from the lower end. The outer net is intended to 
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THE TANNER INTERMEDIATE TOW NET, IMPROVED PATTERN. 

A'imenclature. 
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take the strain in towing, the linings pressing against it on all sides and acting simply 
as collectors. The lower end of the net is closed by a cod-line lashingp, which includes 
the outer net and mosqnito-net lining, the silk gauze or inner lining being secured 
separately and placed inside of the others as an additional protection against wear 
and tear. After the outer net is securely lashed, the ends of the same lashing are 
taken through the hole in the apron and knotted, leaving about 6 inches slack to allow 
for closihg the net, shrinkage, etc. 

Hix guide rings of &-inch brass wire and l-inch diameter are secured at equal 
intervals around the outer surface of the net n, to support the drawstring 0. They 
are placed about 2 inches above the blocks f on the legs o in order to allow the net 
to close without bringing undue strain upon its upper body. 

inch diameter, used to 
close the lower part of the net n after towing and before it is hoisted to the surface. 
Ood line, or other material of the proper size, will answer the purpose, but braided cord 
is preferred as less liable to kink while lying loosely during the process of lowering 
and towing; moreover, it presents a smooth surface to the net, reducing the wear on 
the web caused by repeated opening,. closing, towing, and hoisting. 

The tripping lines q, two in number, are of cod line, 9 feet G inches in length, with 
7-ineh loops or eyes on their upper ends. 

To assemble the apparatus : The ring being intact, with the arms lying side by side 
across it, their lower ends attached to their respective tees, raise the arms and shackle 
the sinker in place. Shackle the tow line, or dredge rope, to the other end of the 
sinker, and suspend the ring at convenient height; screw the legs into their respec- 
tive sockets, which will be recognized by marks of a center punch, + -:A - - ; 
then place the apron in position and secure it by the screwbolts. The movable weights 
g are carried on the pair of legs nearest the weighted s i b  of the ring, the lower 
drawstring blocks being on the other pair farthest from it. 

Seize the net to the ring, run the drawstring through the small rings on the body 
of the net, taking a round turn and an overhand knot, then run the ends through t h e  
lower and upper blocks and hitch them to the movable weights through hples in their 
lugs; hitch the ends of the tripping lines through remaining holes in the lugs, place 
the friction clamp on the rope, slip the loops over the lip of the tnmbler, and slide the 
clamp up the rope until the weights are suspended about 4 inches below the ring and 
tighten the adjusting screw with the wrench, keeping the tumbler elevated and pressed 
against the rope until the clamp grips it with sufficient force to hold i t  in place. It 
should not be secured toodirmly, a8 it is intended that it should slide down the rope 
with the messenger after the impact of the latter has reversed the tumbler. 

Having ascertained the point on the rope a t  which the clamp should be secured it 
may thereafter be attached in the same place without further attentioil to the tripping , 
lines, which may be hooked over the lip of the tumbler and the weights suspended a t  
the proper distance below the rings,,by simply taking in a trifle more or less at the hitch. 

The length of tripping lines, 9 feet 6 inches, is intended to give sufficient drift for 
the weights to close the net even if the clamp slips down the rope without the tumbler 
having been capsized. A single weight will securely close the net if from any cause 
the other fails to act. 

To use the net, having assembled it as directed, overhaul the drawstring until the 
net hangs entirely free; bring the vessel to a dead stop and lower away at the rate of 
26 fathoms per minute until the depth is reached, Then, having determined upon the 

The drawstring o is a braided cord 13 feet in length and 

I 
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angle a t  which i t  is to be towed, enter Table 11, Bowditch Navigator, :tnd find tlie 
length of rope required to maintain the net at the proper depth and steam ahead 
slowly, veering gently until the predetermined scope and angle are attained. The 
latter can then be maintained with sufficient accuracy by frequent observations with 
the dredging quadrant and properly regulating the speed. 

A correction, to be subtracted from the figures taken from Table 11, Bowditch, will 
be required for the catenary curve, as the sinker and the net being afloat a t  an inter- 
mediate depth will sink more rapidly than the rope which is being dragged laterally 
from 150 to 200 feet per minute through the water. It is quite impossible to give 
an invariable rule for making this correction. It may be said, however, that the angle 
of 400 has usually been adhered to on board the Albatross, which involves a speed of 
2 knots per hour, approximately. Under these conditions a deductiou of 8 fathoms 
per 100 fathoms in depth may be made up to 500 fathoms; 9 fathoms per 100 between 
600 and 1,000 fathoms; arid 10 fathoms per 100 between 1,000 and 2,000 fathoms. 

This approximate rule is applicable to the stated conditions only, but will serve as 
a general guide until the explorer learns from experience the corrections required by 
his own methods and apparatus. 

ILLUSTRATIVB EXAMPLE. 

Depth et which the net is to be towed.. . . . . . . -. - - - -. - __. . . . - - - -. . . -. 500 fathoms 
Angle of' tho tow rope. - - - - - . - - - - - . - - - -. . -. - -. . - - - -. . . - __. - - - - . . - - - - - -. 
Length of rope required, Table 11, Bowditch. .____. - - - - - - _ _ _  . - - - -. - ~ -. G50 fathoms 
Correction for catenary curve, .8 fathoms per 100 fathoms depth - -. - - - -. -40 fathoms 

Length of tow rope required ... _ _ _  _ _ _ _  ._ _ _ _ _  . _._ -. ._ - __.  . _ _  - _ _ _ _  610 fathoms 

40° 

--- 

To recover the net, having towed it a sufficient length of time, stop the engines 
and back slowly until the tow rope hangs vertically, reeling in sufficient rope to main- 
tain tlie net at a uniform depth; send the messenger down and release the weights by 
reversing the tumbler, when they will exert a sudden and sufficient force on the ends 
of $he drawstring to  securely close the lower part of the net. 

The messenger sinks at the rate of 100 to 110 fathoms per minute, and its impact 
can usually be felt by grasping the rope, but this method is not always reliable, hence 
it is advisable to use time intervals, allowing the safe limit of 100 fathoms per minute. 

Having closed the lower bag, steam slowly ahead and reel in a t  the rate of 25 to 
28 fathoms a minute until the net is on board. The upper portion from the mouth to 
the drawstring remaining open, will usually be found to contain an assortment of 
specimens collected on the way up. 

A few turns of a lashing should be taken around the net immediately below the 
drawstring as soon as possible after the apparatus reaches the deck and wliile it is 
hanging vertically by the tow rope, to avoid the possibility of opening communication 
with upper and lower compartments by the accidental slackening of the drawstring. 
This done, the frame should be lowered gently on deck, the lashing removed from 
the tail of the net and the parts turned back, leaving the inner or silk gauze liuing 
exposed j remove its lashing, carefully open the bag over a pan of prepared sea water 
which has been carefully strained to remove any surface forms it might have contained, 
and finally rinse the net in it to remove minute specimens adhering to its sides or 
lodged in the numerous folds. 

The contents of the lower bag. secured, the drawstring is removed, the upper bag 
turned inside out into a tub of water, and the specimens secured by thorough rinsing, 
after which the lashing is taken OB and the net carefully washed, umally by towing 
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a few minutes if the vessel should be moving slowly through the water; otherwise by 
mashing mid repented rinsings until all trace of life is destroyed. The last rinsing 
should be in fresh water, and the frame should be wiped off to prevent oxidation. 

If the apparatus is to be stowed away, remove the apron, unscrew the legs, and 
hang the ring with net attached in a convenieut place to dry. The tripping lines 
aud the drawstring should be hitched to arms or rings and dried. When ready to 
store, reeve the drawstring in place, roll the net up snugly, and stop i t  with the ends 
of the drawstring; remove the shackle pin and fold the arms across the ring, using 
the tripping lines to hold them in place and to confine the net as far as possible within 
the ring, thus making a snug and convenient package, 

FISEING GEAR. 

The codahand lines used aboard the Albatross are a modification of the Georges 
gear, and may be described as follows: 

The material for hauling lines is received in 
lengths of 25 fdthoms and weighs 18 pounds per 
dozen or 300 fathoms. A full-length hand line is 
composed of six 25-fathom lines spliced together. 
The Albatross has a few of these which are coiled 
in tubs, while those of 60 and 75 fathoms are 
carried on hand reels. 

Tarred cotton, 10 to 14 pounds per dozeu 
'lengths of 25 fathoms each, is used for snoods. 
There are two on each line secured to the swivel 
on the bight, one leg 6 feet in Iength, the other 
about 4 feet. Their lower ends are attached to 

Nomenclature. 

a .  S i n k e r :  L e a d ,  
weight 5 ponnda. 

b. Horso: Brass. 
c. I I a u l i u g  l ine :  

d. Swivel: Brass. 
e.  S u o o cl s \v i r e  1 : 

Umsa. 
f. S ii o o d 8  : Tarred 

cotton. 
g. Hook ewivel slot. 
h. Gangings: Hemp 

i. Hand reel: Wood. 

hook swivel slots either by a wall knot or by 
splicing.. Tarma cotton. 

The gangings are composed of a single strand 
of hemp line, about the size of the hauling line, 
secured to the hooks by hitching the bights 
around their shanks, then laying the two parts 
together and making wall h o t s  011 the ends, by 
which they are secured t o  the hook swivel slots. 
No. 14 cod hooks are in goueral use 011 the trial 
lines, although other sizes are used as occasion 
requires. 

The following is a list of the fishirig lines 
that are kept in readiness for use: 

squid lines. 
M'hiting lines. 
Cod hoad lines, 2, 3, aud 4 poiiiicl lends. 
Red-snspper 1inCs. 
131uefish lines, for trolling. 
~ea-bass  lines, style used iu Souther11 States 
Sea-boss lines, style nsed py New Yorlr amaaltmen. 
Bliiefieh lines, for still b:lltJllg. 
Shark lines. 
Coil trawl lines. 

Haddock trawl lines. 
Mmkorel hnud linus. line. 

line. 

I, 

Halibut trawl lines. CUT 7O.-COd hand 
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The following miscellaneous apparatus is used in fishing: 
Anchors, Chester patent, net. 
Anchors, Chester patent, trawl. 
Buoys, halibut trawl. 
Buoys, keg. 
Compasses, dory. 
Fish forks. 
Fish pew. 
FloFts, covered glass -Norwe- 

gian. 
Gaffs, deck, cod. 
Gaffs, dory, cod. 
Gaffs, iron, halibut. 
Harpoons, assorted. 

Hooks, ice. 
Hurdy-gurdy, or patent trawl 

roller. 
.Jigs, mackerel. 
Jigs, squid. 
Knives, codfish bait. 
Knives, codfish throating. 
Knives, dory. 
Knives, halibut bait. 
Knives, mackerel splitting. 
Knives, oyster. 
Lance, shark killer. 
Lanco, whale. 

TRAWL LINES. 

Leads, gill net. 
Molds, for sinkers. 
Mold, for mackerel jigs. 
Nippers, woolen. 
Splicers, line, iron. 
Swivels, snood. 
Swivels, slot. 
Slingding spreaders. 
Tubs, trawl line. 
Whale gnn. 
Whale gun, bomb lance. 

The Albatross’s trawl linea are practically the same as ‘those used in the New 
England fisheries. They have tarred cotton ground-lines, 300 fathoms,to the tub, 18 
pounds per dozen, and carry 300 No. 14 cod hooks. The buoy ropes are of 9 to 12 

CUT 71.-Cod trawl line. 
aGround line; b Rooks; cdnoliors; dI3uoy ropes; eOntor buoy; fInner booy. 

threctd tarred manila; keg buoys, with staff and black ball or flag, are used, and the 
moorings are 16-pound Chester patent anchors. 

The gangings are about 3 feet in length, and spaced G feet apart on the ground 
line, to which they are attached by stickiug them through a strand and knotting the 
ends, or by a peculiar hitch known to fishermen, which is quickly made and will not slip. 
The baited hooks are placed carefully outside of the coil of ground line in the tubs, 

Two men are required to set a trawl line from a dory, one pulling as directed, 
while the other throws the buoy overboard as soon as it is bent to the line, and pays 
the latter out as fast as he can until he reaches the lower end, when he bends it sod 
the ground line to the anchor, throws i t  over, and pays out the line, hook by hook, 
with a peculiar twist of the arm, which throws them clear. 

The bottom end of one tub of line is bent to the upper end of the next until the 
required length is reached, when the ground line and lower end of the buoy rope are 
bent to the anchor, the latter thrown overboard, the rope paid out, and the buoy 
bent and thrown into the water. A fl@g is usually carried on tlie staff of the inner 
buoy, and a black ball on the outer one. 

Two men are required to haul the trawl; one in the bow heaves the line in over a 
patent roller fastened to gunwales of dory and worked with a crank, while the other, 
standing just abaft him, removes fish from the hooks and coils the liiie in the tubs. 
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GILL W T S .  

Einds nnd dimensions of L ~ ~ ~ ~ ~ .  Size of Twine, Kinds and dimensions of Lengtl,. Depth, 

Fath. Fatli. Inches. FatA. Futh. 

gill nets. ~neeh. gill nets. 
.___--- ---- 

Trammelnet(2) 4 ....... 15 2h { shad~il'net''' ' ' ' ' '--.- M, .................. Do 50 4 
Mackerelgillnet ...... 30 ;Z ;i ;6-; Cod illnet ............. 100 2 

Do ................. 30 50 .................. 100 2 
Do ................. 30 24 24 16-6 Herringgillnet(2) ..... 20 Z &  

Menhaden gill net ..... 15 2 166 Do .................. 20 ;& 
Do ................. 15 2 16-6 Redmapper gill net (2) . 50 

-_ E 

375 

Size of Twine. mesh. 

Inches. 
46 a5-3 

$4 

& gT 1 "$ ........ 

Casting net: Diameter, 5+ feet; mesh, 1& inches. 
Surface tow nets, smalI: Silk boIting-cloth. 
Surface tow nets, large: Netting &-inch square 

mesh, twino20-6, barked, and mosquito net lining. 

Tub strainer nets: cheese-cloth, cotton. 
Dip nets: Silk boltin cloth. 
Dip nets : Cheeso-olot%, ootton. 
Scoop nets. 
Fyke net. 
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NAVIGATION: APPARATUS AND METHODS. 
The principal implements used in the navigation of tlie vessel comprise three 

Negua and one Bliss & Creighton box chronometers, the latter being used as a hack; 
also a comparing watch. The Ritchie liquid compasses are used for standard, 
steering, telltale, and boat service. The standard compass has a11 azimuth circle and 
alidade, and another is fitted with tripod and circle. A pelorus is provided for taking 
bearings of objects whicli can not be seen from the standard. The usual number of 
sextants and octants are provided; also an artificial horizon. 

The Bliss and Wallcer tafrait  logs are used to measure the vessel’s speed through 
the water, and the common hand-lead measures the depths within its capacity, while 
the Tanner sounding machine, either alone or with the Bassnett atmospheric sounder, 
or Sir William Thornson’s tubes attached, is used in deeper maters. Both telescopic 
and binocular marine glasses are provided, and for convenience in platting there is 
a three-arm protraotor, a Negns course-indicator, Sigsbee’s parallel rulers, drawing 
instruments, etc. 

The chronometers are placed under a lounge in the chart room, the transporting 
cases being screwed to a false bottom on the deck. In this position they are secure 
from shocks, and the top of the lounge, opening and shutting on hinges, fits tightly 
enough to prevent drafts of air or any great changes of temperature. The most pow- 
erful disturbing element on the rates of the chronometers has been the vibration of the 
hull, caused by the dynamo engine, which is usually in operation from dark until 11 
p. m. They appear to run equally well together while this vibration takes place every 
day, and during auy material interval that  it does not take place at all; but an 
interruption of either state of repose or vibration is almost invariably accompanied by 
a change in the record differences in the daily comparison book, showing that their rates 
are temporarily disturbed. 

On reaching port the chronometers are rated as soon as possible by comparison 
with the time obtained by telegraphic connection with some observatory clock; or, 
when such connection is not possible, equal altitudes of the sun are taken, and the 
errors corrected back if the discrepancy is greater than the probable limits of 
personal and instrumental errors of‘ observation and platting. 

The  standard compuss is placed about 15 feet forward of the smokestack, on the 
deckhouse, where it was located by a niagnetio survey; it was found that in this 
position the needle was least disturbed by the various magnetic forces exerted by the 
metal of and in the ship; i t  is also in a convenieut position for use, being handy for 
taking bearings and under the eye of the officer of tlie deck when under way. 

The standard compass is not compensated, and the local deviation i s  obtained by 
swinging ship under steam, observing azimuths of the sun on every point,rnaking 
a circle with port helm, then with starboard, tlie mean of bhe results beiiig accepted as 
correct. The curve of deviations being platted upon a Napier diagram, a table of 
magnetic courses is deduced i’or convenience in laying the ship’s head. 

The heeling error is obtained by listing the vessel to starboard and port and 
observing azimuths of the sun as before. 

111 general terms it may be stated that the changes of deviations due to inclination 
are such that when heeled to starboard the ship’s head is thrown to windward, or 
toward the higher side, when 011 any course iu  the northern semicircle; in the southern 
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semicircle, when heeled to starboad, the ship's head is thrown to leeward, or toward 
the lower side." 

When heeled to port the ship's head is thrown to leeward when on any course 
between southeast and northwest through north, and to windward when on any course 
to the southward of southeast arid northwest. While building, the ship's head pointed 
N. 290 30/ W; the ways were in latitude 390 44/ N., longitude 750 33/ W. 

The sextants and octant8 are of the ordinary gyp.  One, the lunar sextant, has an 
.attachment called the Tanner flexible staff, its purpose being to eliminate the nervous 
tremor of the observer or the effect of wind upon the instrument when observing with 
the artificial horizon. 

It is an ordinary wooden staff, 2 feet G inches in length, not unlike a walking stick, 
its upper end flattened on one side and. pierced with a 8-inch hole, and a spiral spring 
of phospher bronze is inserted between the severed parts, 8 inches from the head of the 
staff, forming a flexible universal joint. 

A brass plate with screw thread and thumbscrew is let into the back of the sextant 
handle, and to mount the apparatus for use it is only necessary to connect staff and 
handle by means of the thumbscrew. 

CUT 72.-The Tanner flexible staff. 

A convenient position for observing is to sit on a camp stool, with elbows resting 
OD the knees, and the staff planted firmly on the ground, a t  an angle that will afford 
the desired support and enable the observer to change the position of his instrument 
at will through the flexion of the joint. 

The staff should be made of-light material, in order to interfere as little as possible 
with the handling and reading of the sextant. 

The tafrail logs, both the VSTallrer and Bliss, are excellent instruments when 
properly cared for. The former is preferred when running steadily for a considerable 
time at  high speed, while the latter is inore coiivenient for short distances a t  varying 

,speeds when the fractions of a mile are required, and the necessity for hauling in 
and putting out is of frequent occurrence, as in sounding and dredging. It is good 
practice for a vessel engaged in such work to keep one Walker log as a standard, 
using it for no other purpose, As the propellers of working logs are always liable to  
injury by coming inmntact with the stern of the vessel or being struck by sharks or 
other fish, 

The Bassnett atmospheric sounder used in connection with the Tanner sounding 
machine for measuring depths within 100 fathoms, without changing the speed of the 
vessel, is, when used intelligently and properly cared for, a very useful and almost 
indisPensaJ.de adjunct for coasting a t  night or in foggy weather. 

It operates on the principle of the compression of a column of air proportioned 
to the increase of pressure as it sinlrs beneath the surface. it is composed of a glass 

__ . --- -- - - . . -  - -  __ 
* She has recently been supplied with compensating binnacles. 
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tube inclosed within a shield of brass, in which appropriate slits expose portion8 of 
the tube longitudinally. The upper end of the tube is air and water tight, and at 
the lower end is a valve which turned in one direction admits water and prevents its 
escape; thus the top of the column of water indicates the depth in fathoms, read from 
a wale attached to the body of the sounder. A reverse movement of the valve 
allows the water to escape, and it is only necessary to replace it in its former positiou 
to prepare the apparatus for another cast. 

The action of the sounder depends upon the valve being tight and this is assured 
only by constant and intelligent care. It should be rinsed in fresh water, dried and 
oiled after using, and requires frequent examination and adjustment to guard against 
oxidation, and to see that the valve can be moved by hand, while it is sufficiently 
tight to prevent leakage. 

8ir William Thornson?~ tubes have their interior surfaces coated with a chemical 
preparation that becomes discolored upon contact with sea water, and the compres- 
sion of the column of air or the penetration of the colnmn of water is measured on 
the tube by a scale showing fathorns of depth. It works on the same principle as the 
Bassnett tube, and is sometimes preferred because it has no valve to be cared for. 
The disadvantage is that the number of soundings are limited to the supply of tubes, 
which can not always be renewed when most needed. 

No vessel should be considered seaworthy unless she carries some reliable appa- 
ratus for ascertaining the depth to 50 fathoms a t  least without slackening her speed. 

The Rogers portable micrometer telescope is a very reliable and useful instrument. 
A description and method of using it is to be found in the revised edition of Bowditch’s 
Navigator, page 177. A modification of that method was adopted on board the Alba- 
tross, which required less computation and avoided the necessity of picking out each 
time the log. cotangent of such a small angle. Lieutenant Schroeder describes it as 
follows : 

The greatest angle this instrument cau measure is 1,750 micrometer divisions, or about lo 48’, 
and i t  is seldom that an angle of over one-half or three-quarters of that is observed with it. In such 
small angles the funetions may be considered as proportional to the arcs, that is, the cotangent of the 
angle nieasurep is equal to the cotangent of one micrometer division divided by the number of those 
divisions. The log. cotangent of one division being accurately determined once for all, the rule for 
finding the distance is simply to add that function to the logarithm of the heigpt, and from the sum 
subtract the logarithm of the number of divisions. 

Example: A light-house 200 feet high is found to  subtend an angle of 1,700 microm- 
eter divisions. The value of one division of the instrument on board the Albatross is 
3Il.655, of which the log. cotangent is 4.7618377, or in practice 4.75154. 

SHORT iwmnm. RIGOROUS METHOD. 
200 feet _ _ _ _ _ _  _ _ _ _ _ _  _‘___ ___. _ _ _ _  log. 2.30103 3.”655 x 1.7O0=6.213’’.6=l0 43’ 33”.5. 
1 M. D . ___. ._ ___. . .. . ._ ___. .___ log. cot. 4.75154 200 feet ._____ .__. .___ _ _ _ _  ..____ log. 2.30103 

lo 43‘ 33”.6. .__ ... _... .. ___. ._._ log. cot. 1.53097 
7.05257 -- 

1.700 M. D . _ _  _ _  _ _  _ _  ___. - log. 3.23045 6,637.4 feet. ._ - - -. - - -. . -. - - - . __. log. 3.82200 

6,639.3 feet. _ _ _ _ _ _  _____. ___. ___. log. 3.82212 

The smaller the angle, the smaller of course will be the discrepancy. 
For rapid work in a hydrographic survey or reconnaissance, 10 feet is found to 

be a convenient length of staff to handle, and the logarithm of 10 being 1.00000 makes 
the computation all the easier. A board 10 inches broad, painted white, with a 2-inch 
black stripe down the middle, will be found to be an easily distinguished target. 



B
ull. U

. S. F
. C. 1896. 

(To face page 379.) 
P

L
A

T
E

 XX
X

V
III. 



DEEP-SEA EXPLORATION. 379 
THE BLISH DISTANCE-FINDER. 

This is a simple and admirable little instrument devised by Lieut. John B. Blish, 
United States Navy, and used on board the Albatross forseveral years, where it was 
found particularly valuable when coasting at night or during stormy weather. 

With the course and distance, and two bearings of a point of land, without com- 
putation or reference to books or charts, the distance-finder will give the distance of 
the point at  the time of the first and second bearings, the distance to be run from the 
second bearing to bring it abeam; also the distance at which it will be passed if the 
monrse is maintained. Repeated obseryations will show wh,ether the vessel is actually 
making her COIIr30. 

The distance-@der, as improvised and used on board the Albatross, is shown in 
plate XXxvIII; fig. I is a plan, and fig. 11 a sectional view. Scales of degrees and 
points are marked on the arc j U D, C E, and 0 I? are scales of equal parts, which may 
be used as miles or fractions of a mile. A and B are silk threads pivoted at  C and 
drawn under an elastic band which rests snugly in a groove surrounding the instru- 
ment, as shown in fig. 11. The elastic band permits free movement of the threads of 
silk, yet holds them in place when set. The vessel is supposed to be heading at all 
times from 0 to E, hence all bearings are plotted in points.or degrees from E. 

To use the distance-finder, take a bearing o f  a point, note the number of  degrees 
or points it bears from the ship's head, set the arm A, counting the degrees from E, 
and note the reading of the log; steer the same course until the bearing of the point 
has changed sufficiently to make a practicable angle, then take a second bearing, and 
set the arm B on the number of degrees or points the object bears from the ship's 
head, counting from E as before; also note the distance run between the first and 
second bearings. With the distance by log, taken from the scale of equal parts C E 
or C D on a pair of dividers, find G H between the arms A B parallel with U E. 
Then (3 will be the position of the ship when the first bearing was taken, and E when 
the second bearing was taken; the interval 0 G is the distance of the vessel from the 
point when the first bearing was taken, C H the distance from the point when the 
second bearing was taken, H I .the distance to be run to bring the point abeam, and 
0 I the distance at  which the vessel will pass the point. 

If the vessel is to pass within 5 miles of the point, it  will be found convenient to 
have the divisions on the scale of equal parts represent half miles instead of miles. 
I n  reading the scale fractions are estimated in tenths to  correspond with the divisions 
of the patent log. 

EXAMPLlC : 

First bearing 30° from Ship's head (or E). 
Second bearing 65" from ship's head (or E). 
Distance by log between first and second bearings, 8 miles. 
Set the arm A on 30° for the first bearing, and the arm I3 on 660 for the second bearing. 
Thus 8 miles, the distance run by log, equals G R. 
C a, measured on scale of equal part8, equals 12.6 miles, the distance of point at first bearing. 
C H equals 7 miles, the distance of the point at the second bearing. 
13 I 13qll51i3 3 miles, the distance to be run from the second beariug to bring the point abeam. 
C I equals 6.3 miles, the distanoe the point will be from the vessel when it  is abeam. 

The intervals C I and H I are most used in practice, but should 0 G and 0 H be 
required, they may be measured ou tho scale with dividers, or by grasping the arm A at 
G, or tlk arm B at H, and carrying them to the scale. The distance-finder in use on 
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board the Albatross was improvised by Ensign Henry B. Wilson, United States Navy. 
The scales were marked with india ink 011 Irish linen writing paper, which was then 
glued to a wooden back, and finally given several coats of shellac varnish to protect 
i t  from moisture. Sewing silk was used for the arms, which were held in place by an 
ordinary elastic band fitting closely in the groove, and a small round nail was used 
for a pivot from which they worked. The left quadrant of the seniicircle is used ill 

, the description and example; the right one may be used in like manner by assuming 
that the ship's head is iu the direction of l? instead of E. 

The ink~trument is used as though the vessel was always 011 the line 0 E, steering 
toward E, but in reality she was a t  G when the first bearing was taken and a t  H 
at the time of the second bearing, steering toward I on the line G H I, the pivot C being 
the point on which both bearings were taken. 

The distance-finder is constructed on the principle of Table 5 A, Bowditch 
Navigator. 

SUMNER'S METHOD. 

In the navigation of tlie Albatross, and the location of dredging, sounding, and 
other stations, Sumner's method of finding the position at sea is used in extenso. All 
positions, however determined, are plotted as line& and not points-the intersection 
of two such lines, corrected for the intervening ruu and current, defining the exact 
position. The lines of position consist of portions of circles of equal altitude of the 
sun, moon, stars, and plauets; parallels of latitude deduced from meridian or ex- 
meridian altitudes of t h e  same bodies; lines of bearings of headlands or well-known 
objects on shore; circles of equal distance from known objects, found by micrometer or 
by their dipping below the horizon. Computations are made from forms and examples 
to be found iu Bowlitch's Navigator. 
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Case I.-On April 28,1883, single altitudes of' the sun were observed at 6.43 a. m., 
8.47 a. m., and 10.23 a. in., a sounding being taken at the time of each sight. The 
meridian altitude was observed at  noon. The three time-sights were worked out for 
latitudes 350 20/ N. and 350 30/ N., placing the vessel respectively on. the lines AA, 
BB, GO; and the meridian sltitude placed her in latitude 350 31' 35//, DD. From the 
first sounding, rau 10 miles ESE. (mag.) to the second, where the temperature of the 
surface water and the current showed that the edge of the Gulf Stream had been 
reached. From the second to the third the drift in'trawling and current was estimated 
at 3 knots NE, Prom the elid of the third cast t o  noou the drift and current were 
about 2 miles NNE. These being plotted, place the ship in the positions 1,2,3,4. 

Oase II.-While sounding at  about 7 a. in., May 1, a meridian altitude of the moon 
was observed, showing the latitude to be 360 41' 06" N. At  the same time a single 

Cui, 74.-Case 11. 

altitude of the sun was observed and worked out for latitudes 300 30/ and 36O 40'. 
The ship was therefore at  the intersection of the two lines thus found, AA, BB. 
Wliile trawling, two more sights of the sun-were taken, at 10.09 and 10.49; and being 
worked out with the same latitudes as before, placed the ship on the lines OC, DD. 
Finally a meridian altitude of the sun was observed, which placed the ship in latitude 
360 43' 64'' at noon, EE. The drift while trawling, until the last time sight, was t o  
NW., 24 to3  knots in all; and then, after thesight NW. by W. + W., 2& miles tonoon. 
No current noticeable. Plotting the track, the ship was found to have been in the 
positions I, 2,3,4. 

&,se TIL-At 3 and 5.48 p.m., August 1, single altitudes of the sun were observed 
and worked out for latitudes 390 40/ N. and 390 50/, giving lines AA and BB. At about 
7.30 an altitude new meridian of * Antares was taken, which placed the ship at that 
time on the parallel of 390 39' 23/', line 00. The drift in trawling during the afternoon 
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was SW., and the distance estimated at  4 knots between the first and second sights 
and 4 to 1 knot from the second to the third. Plotting the track the ship was found 
to have been in positions 1,2,3. No current observed. 

O T H E R  METHODS.  

In addition to  the above-mentioned methods, advantage is taken whenever 
possible of the simple “four-point problem” of finding the distance from an object by 
reading the taffrail log when i t  bears exactly four points off the bow, and again when 
it bears exactlyabeam, the distancefrom the object at the second bearing being equal 
to the distance run between the two, plus or ininus the current. 

At  each sounding the current is carefully estimated by noting the direction and 
speed of the ship necessary to keep the sounding-wire vertical after the sinker has 
passed below the surface drift. ,A fair guide is thus afltorded as to what allowance 
should be made in shaping the coiirse to the next position, as well as in correcting the 
run up to that point. Such help is particularly desirable when clouds by day or night 
prevent taking frequent observations. 
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THE CONDUCT OF DEEP-SEA EXPLORATION. 
The economical use of material and forces a t  the disposd of the commander in 

the conduct of extended deep-sea exploration assumes greater importance than is 
usual in ordinary operations either on land os sea. 

The relation of speed to the fuel supply and the amount of work to be nccom- 
plished will be among the first considerations, and after he has decided upon the 
daily coal consumption the best results will bo obtained by- 

1. Carrying sail whenever the wind serves. 
2. Keeping the chief engineer informed regarding the service to  be required of the engines, and 

giving due warning to  the engineer of the watch when approaching a station, and the probable 
detention. 

3. Having due regard to  the fact that  the AlbalrO88 has twin screws, capable of working inde- 
pendently or together, and that  one engine will frequently perform tho duty as moll or bettor than 
both when, as in  sounding with light winds, it is desirud to  hold the vossel in  position without gaining 
headway or sternboard, or if very low spced is required, as in operating the t rawl  or dredge. 

4. Using one engine only, whenever i t  will answer the purpose, will reduce the woar and tear 
and lighten the duties of the engineer of the watch, which are sufflciently t8rying at best when the 
vessel is engaged in  sounding or dredging. 

The operations included in the full occupation of a station follow in their natural 
sequence : 

1. Sounding, including surface and bottom 
temperatures and water specimens. 

2. Serial temperatures and speoific gravities. 
3. A haul of the trawl. 
4. A haul of the dredge. 
5. A haul of the tangles. 

6. Surface and iutcrmodiate collecting. 
7. The use of trial lines. 
8. Setting trawl lines. 
9. Setting gill nets. 
10. Current observations. 

SOUNDIN@. 

Soundings are made under the direct supervision of the offices of the deck, who is 
responsible for the prompt and systematic execution of the necessary evolutions and 
accuracy of measurements. He should, before reaching st station, satisfy himself by 
personal examination upon the following points : 

1. That the crew of the sounding machine are a t  hand, and that each man understands his duties, 
also the duties of every other member of the crew. 

2. That there are no slaok turns of wire on the reel, or, should lie discover any, hav? thoin run off 
011 a spare reel and properly rewound. Slack turns will never occur with a properly drilled crew 
except the reel collapses, a rare occurrence with the Navy reel. 

3. That the stray line and its splice are in  good condition. Should a defect be discovered too late 
$0 renew the splice without delaying operations, substitute a Tanner link, which can be attachod 
to  the wire in a moment and will answer the purpose until such time as a new stray line can be 
splicod on. 

4. That the belt it3 sound and in good working order, and that  there is a spare one on the maohine. 
If in doubt as to  the reliability of the old one, cut it away and bring the spare one into use. 

5. That the register is set at zero when the sinker is at  the water's edge; the pointers securely 
fixed to  their stems j that  the spur wlleel meshes properly in  the worm wheel, and that  all of its gearing 
works freely. 

6. That  the friction rope is in place and in  good condition, and that  the auxiliary brake is in 
working order. 
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7. That the Sigsbee sounding rod is in good order generally, swivel and tumbler working freely, 
and the spring iu the latter properly adjusted. That the two parts of the cylinder are screwed 
together tightly, the.valve properly seated, and its spring in action. 

8. That there is a supply of bailed sinkers in the racks mar the sounding machine, aud that  the 
sounding rod will pass through them freely. 

9. That all moving parts of the machine, including the reeling engine, are properly oiled and 
cared for. 

10. That the deep-sea thermometer used for bottom temperature is in good order; tha t  the column 
breaks'promptly, propeller moves freely ; tha t  the instrument is properly cushioned by the rubber 
gaskets and spiral springs which suspend i t  in its case, and that  the clamp is in working order. The 
Negretti & Zambra deep-sea thermometers are used on board the Albatross, and being delicate 
menta they should be carefully treated ill order to  obtain the best results. They should be habitually 
carried bulb down, with columns connected, and it is a good plan to  keep them in a bucket of water 
between stations, as it insures their safety and keeps them a t  a temperature approximating to  that  of 
the surface water. 

11. That the Sigsbee water specimen c u t  is in  good working order generally; and, if i t  is intended 
to bring up a water specimen at the next station, that  the interior of cup is clean and free from foreign 
substances, valves adjusted, propeller and sleeve working freely, and the clamp in good condition. 

12. That a quart  or more of sperm oil in  a suitable vessel is secured to  the frame of the sounding 
machine forward of the reel with sponge, waste, or other material for oiling the wire. 

13. That the wire clamp and guide are in their respective places. 
14. That the portal& incandesoent lights are led out and hung in  place if the next statiou i s  to  - 

be occupied at nigFt. 
The engineer of the watch should be warned half an hour at least befgre reaching 

the station, and again five minutes before making the signal to stop the ehgines. The 
necessary preparations should then be made on deck and the sounding crew sent to 
their machine. Arriving a t  her station with calm weather and smooth sea, the vessel 
is stopped without changing her course, but  if it is blowing and a sea running she 
would be turned stern to by putting the helm up, slowing down, and backing the lee 
engine until the wind is on the quart.er, then backing both until the vessel loses 
headway, taking care not to get a sternboard. Once in position, it can usually be 
maintained by slowly backing the lee engine. 

If sounding in considerable and approximately known depths, it is not neces- 
sary to wait until the vessel i8 a t  a stand stern to Rea; the sinker'may be started 
down as soon as the wind is on the quarter and the wire brought up and down 
during its descent. The Albatross frequently gained from 100 to 200 fathoms in this 
manner. 

The crew of the Sigsbee sounding machine is composed of three seamen and a 
fireman, numbered 1, 2, 3, and 4; the officer of the deck aud a recorder. Their 
statiolis and duties are as follows: 

PREPARING TO SOUND WITH THE SIGSBEE MACHINE. 

When ordered to man the sounding machine (plate xxxix), No. 3 bends the stray 
line to the sounding rod, No. 4 places the sinker in the mounting rack on the left of the 
machine forward of the grating, the former then hooks the bail over the tumbler of 
the rod, lifts the shot from the rack, and swings it to the after end of the machine, 
when No. 2, who has shipped the'right crank, heaves in the slack line until the sinker 
is suspended beneath the swivel pulley, where it is held by engagiug the pawl on the 
ratchet wheel. 

No. 1 wipes the V groove on the reel, and when dry and free from oil adjusts the 
friction rope and attends it. 
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swrIoxs-wxiw GOING DOWN. 

The officer of tlie deck liaviiig talieii his statiou 011 tlie grating to the right arid 
abaft the tiiaohiue, directs the siuker to be Innwed a f‘athom below the surface of 
tlie water, the auxiliary lead beiit to the stray lilie, the therinometer clamped a 
fathou above it, and the wiiter-specimen cup a fathom above the latter, liaviiig first 
satisfied himself that the iustruments are iu perfect order. Whelk everything is in 
readiiiess he directs tho paw1 to be thrown back, tile craiilr uiisliipped, and gives the 
order to lower away. 

No. 1, stendiiig forward of the machine and Fwing it, attends the frictioii rope and 
makes the sounding as quickly as possible, liaviiig due regard for tho safety of the 
aplmatiis. As so011 as the sinker reaches bottom, and No. 8 hits shippetl his crank, 
No. 1 tlirows off the friction rope, ships the left crauk, and assists in heaving the 
specimeii cup clear of the bottom. 

No. 2 ,  on the right of tlie iiiacliiiie aiid facing it, attends the auxiliary brake in 
case of accideiit to the friction rope, or if the reel becomes unmanageable from ~ r y  
cause. ,As sooil as the sinker strikes the bottom lie ships the crank, heaves in D few 
fathorns of mire, : L U ~ ,  when i t  is ascertairieil that tlie sinker is det,ached, he uiiships 
the crauk, adjusts the tlyusiuometer staff under the accuiiiulator pulley, and assists 
in putting 011 the belt. 

No. 3, seated on the grating to  the left :md abaft the macliine, attends the swivel 
pulley, and, if the wire is iLccidentally slackened by the siiiker u~iexpectedly strikiug 
bottom, grasps the biglit arid 1)iills i t  aft, tidrilig up a fathom or more, which is often 
su1Ecielit to prevent kiiiking or flyiiig oft’ tho reel. Wheu the siiiker is down, lie feels 
t he wire to see whether it is detached, then assists Xo. 2 ill adjusting tho dyiiainoirieter 
staff. 

No. 4 staiids forward arid to the left, of tlie machine until lie wishes to prepitre the 
engine for reeling j i i ,  wlieii he moves about it, as occasion requires, keeping out of the 
may of No. 1. 

rll case tlie siiilrer fails to detacli, the oficer or ~ 6 . 3  pulls the bight of the wire 
aft from the iiiachinc, then lets it go, repeating the  operation several times if necessary; 
and, if it still fails to detach, Nos. 1 aud 2 ship the cranks and lieave the sinlrer clear of 
tlio bottom, then carefully larid i t  again, when the manipulation of the mire is repeated. 

Tlie sinker slioultl ]lot, be lauded 011 tho bottom abruptly when trying to detach it, 
for, as a rule, the trouble results froin its having sunk deeply into the soft ooze. 

\ 

STATIONS-%WtE COMING UP. 

No. 1 stands 011 tlie left of tlie machine abreast of the reo1 (plate XL), iLlit1, with 
sponge or rag, oils the wire as it conies i l l .  Wlien the stmy line is sighted, aiid 
t11e yeeliiig eiigiiie stopped, he throws the pawl iuto action, ships tlie crauk, and assists 
ill reeliug i t  in by hand. 

No. 2, standing on the right of the machine, guides the wire sriioothly on the reel, 
reports defective aplices, nips, or kinks, and attends the auxiliary brake in case of 
accideiit to the belt. Wheii the stray line is sighted he ships tlie crauk aiid heaves it 
in by h:Lnd; tlleu assists No. 4 to reiriove the belt from the reel. 

No. 3, stancling- or sitting on the grating to the left and abaft the machilie, attends 
the swivel pulley leading tlie wire fairly into its score. He warns No. 4 to stop the 
reeling etigiiie if he discovers aiiythiiig unusual or suspicious 011 the wire as i t  is 

F. C .  B. 1RBG--25 
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coming in, also when he sights the stray line. He unclamps the water-specimen cup 
and thermometer, unbends the auxiliary lead, hitches the end of the stray line to the 
fair-leader, and unships the dynamometer staff'. He also delivers the'bottom specimen 
to a naturalist in the laboratory, washes the specimen cup, and returns it to its place 
near the sounding machine. 

No. 4, stationed forward of machine, adjusts the belt, attends the belt-tightener, 
and runs thereeling engine. Fixing his eye upon the dyiiainometer scale, he reels the 
wire in as rapidly,as possible, keeping within the prescribed tension; and it requires a 
dexterous manipulation of the throttle to regulate the speed according to the rapidly 
varying strains. He reduces the speed of the reeling engine at  200 turns, and again a t  
100, to avoid jumping the thermometer and specimen cup out of the water, and, stop- 
ping when the stray line is sighted, he loosens the belt-tightener, throws of€ the belt, 
wipes up the oil about the engine, a?d prepares it for the next cast. 

The crew examine the stray line and its splice, the surface wire on tho reel, and 
all parts of the sounding machine, which they wipe carefully; the bearings are oiled, 
deck around the machine cleaned up, a n d  everything put in place. 

STATION AND DUTIES O F  THE RECORDER. 

He takes his place at the right of the machine wliere he can best observe the 
readings of the register. Ee keeps a record of everything connected with the sound- 
ing, filling the blanks in the record book, and making such further entries as the 
occasion requires. Having assured himself that the recording watch agreeu with the 
ship's clock, he will note : 
1. The date, day of the month, and year. 
2. The serial number of the sounding. 
3. The maehine to  be used, Sigsbee or Tanner. 
4. The reel iised, Sigsbee, Navy, or Tanner. 
6. The kind of sinker usod: A deep-sea load, giv- 

ing its weight; a 35-pound or GP-pound shot. 
6. Reading of the patent log, when it is hauled 

i n  after the vessel stops to  sound. 
7. Hour, minute, and second, the sinker &arts 

down. 
8. The minutes and seconds for each 100 turns of 

wire, as shown by the register. 
9. The exact time the sinker strikes bottom. 

10. The number of turns of wire out when the 
sinker reaehes bottom. 

11. Correction to  be added t o  the nuniber of turns 
t o  get the depth in  fathoms. 

12. Depth in fathoms. 
13. Time of starting to  reel in  the wire. 

14. I f  the patent log is pu t  over, note the time wid 
read it when vessel roaches her conrse. ' 

15. Tim0 for each 100 turns of wirc coming in. 
16. Time wire is all in. 
17. Reading of deep-sea thermometer. 
18. Maker's numbor of' thermometer. 
19. Thermometer correction. 
30. Correoteil temperature. 
21. Reading of patent log when last turn of wire 

22. Character of bottom. 
23. Notc if water specimen was taken. 
24. Any unusual occurrence, such as fouling, kink- 

ing, rupning off the  reel, or parting the wire; 
slack turns; loss of the stray line; dehy in 
detaehing the ainker; injnry t o  or loss of 
instruments; discovery of imperfect splices, 
or detention from any cause. 

came in. 

The speed of deep-sea sounding varies with the I meteorological conditions, char. 
rtcter of vessel, apparatus, personnel, and the purpose for which the soundings me 
required. Time will be gained if the deep-sea thermometer can be dispensed with, 
and a greater gain will follow by using a cup of less weight and crokwwction where a 
small botbm specimen will suffice. 

Table I is taken from the original record of sounding No. 424, Hawaiian cable 
survey, December 18,1891, and shows the rate of descent and ascent of the wire for 
each 100 turns of the reel aud'must not be mistaken for fathoms. The time intervals 
were kept with the greatest care as a matter of record, not for the guidance or 
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instruction of the operator a t  the friction rope, who was an expert and a t  liberty 
to take advantage of every favorable circumstance to accelerate the descent of the 
sinker. The conditions of wind and sea, while not perfect, were favorable for rapid 
work. A moderate northeast trade and small sea were accompanied by an occasional 

Serial No. 

380 ............... 
392 ............... 
395 .................... 
401 ............... 
405 ............... 
424 ............... 

Mean 

long, rolling swell from a recent gale. 
A careful analysis of Table I shows: 
1. That the time intervals were not seriously affected by wind or sea. 
2. That the friction increased steadily with the length of wire out, 

retarding the descent of the sinker proportionately. 
3. That the operator folt the sounding shot-at intbrvals by slightly 

iucreasing the friction until satisfied that  there wae no slack wire betweeu 
&be reel and sinker. 

4. That he maintained tho friction approximately eqiial to  the weight 
of submerged wire, as the reel stopped promptly when bottom was reaehed. 
We know this because i t  required but  2 minutes aud 5 seconds to ship the 
cranks and heave the specimen cup clear of the bottom, adjust the belt, and 
commence reeling in. 

5. That the prescribed limit of 120 pounds tension was closely followed 
while reeling in. The friction is observed t o  diminish as the wire comes up, 
but not with tho regulwity of the increase during its descent, ‘for the follow- 
ing reason : 

6. Tlie sounding was mado with stern to  wind iind sea, and the wire 
maintuinuil in  a vertical podtion without headway or stern board; but, as 
soon &E the sinker reaclied botiim, the vessol began to  turn, with one pro- 
peller moving slowly, her way through the witter being slight for a couplo 
of minutes, then gradually increasing until a t  5 minutes she was on her 
coursc, dragging the wire transverse17 through tho watcr 2 or 3 minutes 
until i t  trailed out astern, and from tha t  Wute the friction decreased regularly 
until the 200 mark was reached, when the  speod of the roeling engine was 
checked; again at 100 turns it was slowed sbiU more to prevent thesounding 
cup, thermometer, etc.,krom jnmping out of water, for by this time the vessel 
was steaming a t  tho rate of 7 or 8 knots. 

The patent log was put  over at the 2,000 mark, and during the 14 
minutes consumed iu  reeling in tho remaining wire the vessel steamed 1.4 
knots on her course. 

Table I1 is compiled from the-original records of six sound- 
ings, including No. 424, from which Table I waa taken, and is 
intended to illustrate the mean speed and uniformity of the 
Albatyoss’ soundings under normal conditions. 

Fathoms :;::$:; Fathome Totnl deten. 
permin- per min- tion fur oaoh 

Dept’l. uto going ~ ~ ~ ~ ~ & $  ute oom- fatliorn of 
down. reeling in, ing up. depth. 

-- 
Fathoms. h. rn. 8. h. m. 8. 

Deo. 14,1891 2,606 85.0 0 1 45 112.3 0 0 1.27 
DOO. i5,18gi 3,000 83.5 o 2 25 108.4 o o 1.33 

do ...... 3,030 75.7 0 2 0 0  92.5 0 0 1 . 4 9  
Deo. 16,1891 2,816 83.7 0 1 60 109 0 0 1.34 
D00.17,1891 3,034 33.8 0 3 20 82.8 0 0 1.51 
Deo. 18,1891 2,825 86.2 0 2 05 112.2 0 0 1.27 _------.----- .................... 2,818 83.1 0 2 14 102.46 0 0 1.37 

TABLE 11. 

TABLE I. 

Sounding wire. 
- 
Going 
down. 

M. 8. 

0 45 
0 50 
0 50 
0 50 
0 55 
1 05 
1 00 
1 00 
I 0 5  
1 0 5  
1 10 
I 10 
1 10 
1 1 5  
1 1 5  
1 20 
1 20 
1 2 5  
1 ‘20 
1 2 5  
1 35 
1 30 
1 3 0  
1 80 
1 4 0  
1 4 0  
1 00 

...... 

- 
No. of 
turns 

...... 
100 
200 
300 
400 
500 
aoo 
700 

‘800 
900 

1,000 
1,100 
1,200 
1,800 
1,400 
1,500 
1,800 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,500 
2,000 
2,601 

Total time 
oonaumed 
in tank- 
ing the 

sounding. 

h. m. 8. 

0 57 15 
1 00 40 
1 15 00 
1 03 25 
1 16 20 
1 00 00 -- 
1 oe 27 

Coming 
UP. 

M. s. 
0 50 
0 40 
0 85 
0 35 
0 40 
0 40 
0 45 
0 45 
0 45 
0 60 
0 50 
0 65 
0 55 
1 00 
1 0 0  
0 55 
1 05 
1 %  
1 0 5  
1 10 
1 10 
1 20 
1 20 
1 15 
1 1 5  
1 10 
0 40 

....... 



388 BULLETIN O F  THE UNITED STATES F I S H  COMMISSION. 

TAKING SEjRlAL TEMPERATURES. 

In  order to guard against the loss of instruments, a large and strong temperature 
wire is used. It is steel piano wire, No. 21 music, about 0.045 inch in diameter, or No. 
1'7 American gauge; i t  is in a single length of 1,225 fathoms, wound on a Sigsbee 
reel, and kept in a reel box in readiness for use. 

Serial temperatures when taken always follow a sounding, and if water speoilneris 
are required for specific gravities a specimen cup is clamped to the wire a fathom 
above each thermometer. An assistarit examines the thermometers aiid water-specimen 
cups in the laboratory and places them iu buckets or other Convenient receptacles in 
readiness to be carried to the soundiug machine. 

Preparatory.-Wheii the sounding is completed, No. 1 guides the stray liiie on tlie 
reel and secures the end to its own part, removes the left cap-square and assists in 
dismounting the sounding reel and mounting the temperature reel; then replaces the 
cap-square, secures the roller guide in place, runs the end of the stray line over 
the accumulator pulley and through the guide, and adjusts the frictiou rope. 

No. 2 reels in the stray liue,<unships the crank, removes the register and right 
cap-square; assists in dismounting the sounding reel and mounting the temperitnre 
reel; then replaces the capsquare and register, assists in securiug the roller guide 
and in reeving the end of the stray line. He ships the crank aiid lowers the sinker a 
fathom below tlie surface when ordered. 

No. 3 brings the deep-sea thermometers and water-specimen cups, assists in 
shifting the reels and in removing the fair-leader and swivel pulley. He beuds a 
deep-sea lead to the stray line for a sinker and suspends it by the pawl below the 
roller guide, where it hangs quietly until i t  is lowered beneath the surface preparatory 
to clamping on the first thermometer. 

No. 4 removes the fair-lender and swivel pulley and assists in shifting the reels and 
replacing the cap-squares. A convenient method of mounting or dismounting a reel 
is to use a small watch tackle from the maiu boom. If' the boom is not available, lash 
a halidspike across the reel in line with its shaft arid four men will readily lift it out 
of its bearings or replace it, as the case may be. 

STATIONS-INSTRUMENTS GOlNG DOWN. 

No. 1 attends the friction rope (plate XXXIX), followi~ig the same general rule as i i i  

sounding. R e  is given the stopping-places in succession, and should bring the wire to  a 
stand without jarriug the instruments or briuging unnecessary strain on the wire itself. 
When the last thermometer has been lowered to its place and the pawl brought into 
action, he removes the friction rope from the groove and prepares to oil the wire as 
it comes in. 

No. 2 passes the thermometers to  tlie recorder, who notes their numbers, then to 
the officer in charge. The water-specimen cups are passed directly to the officer. He 
then stands in readiness to use the auxiliary brake. 

No. 3 receives the thermometers and water-specimen cups from the officer aud 
clamps them to the wire, as directed iu sounding. When the last thermometer has 
been lowered t o  its place, he brings the pawl iiito action. An interval of five minutes 
is allowed for the last instrument of the series to take the temperature. 

No. 4 puts belt on, gets reeling engine in readiness, and ships ratchet crank on 
driving shaft, where it is allowed to remain to assist in bringing the instruments 
carefully to the point above the gratiiig, where they are removed from the wire. 
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STA’l’IONS-INSTRUMENTS COMING UP. 

No. 1 oils the temperature wire as it is wound on reel (plate XL), and passes water- 
specimen cups to an assistant ill the scientific department, who kinis their contents 
into specially prepared bottles. 

No. 2 guides the wire fairly on the reel, receives the thermometers from the officer 
in charge, holds them in position for the recorder to verify the reading, then engages 
t,lie propeller slnndle and places them, b d b  down, in a bucket or other secure place. 

No. 3 seats hiniself on the grating, watches the wire and reports the appearance 
of instruments a t  the surface, also when they are it1 position to  be conveniently 
removed. He unclainps the water-specimen cups and thermometers, passiug the former 
to No. 1 and the latter to the oacer in charge. He reports if instruments fail to act 
through the fault of their mechanism, and when they are all in he unbends the sinker. 

No. 4 attends the throttle and reels the wire in,  starting and stopping carefully 
a t  the designatcd points to avoid jarring the thermonietors. He watclies the register 
for the designated number a t  which lie is to stop, giving heed also to the warning of 
No. 3 that the iiistrurneiits have reached the surface. 

The officer in charge directs when the sinker is to be lowered into the mater and 
the first thermometer clamped to the wire, for, unlike deep-sea sounding, it should not 
be lowered until the vessel is in position and at  a stand. 

He examines thermometers and water-specimen cups, as directed in sounding, 
end passes them to No. 3, observing that he does not fiiril to catch tlie bight of the 
wire over the clamp screw to prevent slipping. This is quickly done by first engag- 
ing the upper jaw and tlirowing the frame forward until the mire slips easily over the 
screw head, then bringing i t  back into-position and engaging the lower jaw. 

He receives the thermometera from No. 3 as he unclainps them from the wire, 
carefully reads the temperature with a reading lens, mid passes them to No. 2, who 
holds them before the recorder’s eye while he verifies the reading to degrees without 
the use of a lens. 

It has been found in practice that the officer may occasionally make a mistake in 
the degrees when using the leus, but not in tlio decimals of’ a’ degree, to  wliicli he 
naturally gives the greatest consideration, while the recorder, observing without the 
lens, quite as naturally gives his first attention to degrees. 

DUTIES O F  T H E  RECORDER. 

In observing serial temperatures the rccorder tiikes his station a t  the right of the 

1. Sees that  the register is set at zero when the instriiments firat attached arc a t  the water’s edge. 
2. He informs the operator a t  the friction rope wlicre each therrrionietor of the aerie& is to  be 

3. He notes the nialror’s niimber of e:ioh thormometor before i t  is clamped to the temperature wire, 

4. I f  water speciluens are taken for specific gribvities, he notes the fact, also tho depths a8t which 

5. He reports the expiration of the interval allowed by tho officer in charge for tlie last tliermom- 

6 .  When tho engineer starts to reel in he informs him whore each iustrnment is attached. 
7. 130 enters tho officer’s reading of each thermometer, calling baclc the figures distinctly, and 

If the roadings disagree he 

8. Ho notes any apparent discrepancies in the temper:itures Bud the failure of thornlometers to act. 
9. He 011 tors the corrections i n  tho appropriate column and notcs tho corrocted tuinperatnres. 
10. 110 [ills the blanks in the record boolc and iiialres aueh further ontrios as the occasion requires. 

machine and- 

attached to the wire. 

in order to identify it beyond question when malring tlie final corrections. 

they were obtained. 

etor of tho series to  take tho temperature. 

verifiop i t  by personal iuspootion, giving special regrird to  the degrees. 
calls the sttention of the oflioer before he alloms the thermometer to  pass him. 
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The following table, taken from the original record, illustrates the method of 
recording serial temperatures on board the Albatross. The observations followed a 
deep-sea, sounding in which a depth of 2,022 fathoms was found, 42 minutes being 
required to complete it; 6 minutes were consumed in shifting the reels; 22 minutes 
in clamping the instruments to the temperature wire and veering 1,000 fathoms; 4 
minutes were allowed for the lest of the series to take the temperature, and 16 minutes 
were required to reel in and detach the thermometers. 

Serial temperaturee. 

946 
92 1 
896 
848 
754 

 urus. Fathoms. - 1  I- 
Surface ... ..__..__ _ _ _ .  

25 69473 
50 54815 

100 61755 
200 69485 

74 
65.4 
59 
54.6 
49.8 
44.8 
42.2 
41.1 
39.8 
38.7 
38.1 
37.0 
37 

... 
565 
470 
377 
281 
188 
94 

Surface. 

1 ' ' Sou%lin 1 A. m. 5 f: 5m. : up 5 h. 47 m. 
1 Serial temperatures. 
' 5 h. 53 m . dowu 6 11.16 m. 

6 h . 1 9 m : I  u p B h . 3 5 m .  ! Time souuding, 42 m. 
I Serial temperaturoa, 48 m. I Total, 1 h. 30 m. ' D. 5. ther. Negretti & Zambra. 

~ Fahr. acde. 

... 
400 
500 
800 
700 
800 
900 

1,000 

Tempera. 
ture. 

0 

74 
65.4 
59.3 
54.6 
50.2 
45 
42.2 
41 
40 
38.8 
38 
37.9 
37.2 -- 

cameo. Corrected 
tempera- 

tion. I ture. Ii Remarks. 

O I O I I  

0 
0 

-0.3 
0 

-0.4 
- 0.2  

0 
+o. I 
-0.2 
-0. 1 
+O. 1 
-0. 3 
-0. 2 

Apr. 18,1801. 
Latitude 20047' 15" N. 
Longitude 1060 15' 30" W. 

-I--_ 

0 1 30 1 '  II. C. P., recorder. 
' 

The numbers in column of turns indicate where thermometers are to be attached 
to  correspond to depths in column of fathoms. The serial temperature observations 
completed, the reels are changed again and the machine prepared for sounding. 

A HAUL O F  THE TRAWL. 

The trawl follows sounding md serial temperatures in natural order, and while 
they were being taken the dredging boom would be rigged and topped up, the dredge 
rope shackled to trawl, and the latter hoisted to boom end in readiness to be swung out. 

Trawling and dredging are conducted by the commanding officer in person. He 
determines the direction in which the trawl will be laid out and dragged, and has the 
dredging boom rigged on what will be the weather or working side. 1)) preparing 
to cast the trawl he is influenced in his choice of the working side by attendant 
conditions : 

1. It is necesmry that the dredge rope shall trcnd clear of the ship's side while towing; hence 
the direction of the haul with reference to  wind and current must be such that the vessel will either 
make a true course or drift to  leeward away from the rope. 

2. He will follow the predetermined line of investigation as closely as practicable, and whenever 
obliged to  deviate from it will adopt a course that  most nearly approximates to it. 

3. The most perplexing obstacle in the way of following a fired line is often due to  the contour 
of the sca bottom. It is difficult to  trawl successfully down a steep slope; hcnce it beeomes necessary 
to  take the line of equal depths or to  turn about and drag the trawl directly up the inclinc. 

4. The direction and force, of wind and current with reference to the line of investigation and 
contour of the sea bottom bear directly upon the plan of operations and determine the working side 
upon which the dredging boom ia to  be rigged. 

The former practice of backing while casting the trawl arid dragging i t  has %een 
abandoned on account of the limited control the commander had over the course, which 
was always against the wind; for the natural tendency of a screw steamer is to bring 
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her stern to the wind when backing, and this tbndency becomes a fixed habit whenever 
a trawl is dragging. On the other hand, the vessel is always under control when 
steaming ahead, and may work with the wind froin a point on the bow to right astern, 
providing wind and current are in the same direction. 

Starting ahead slowly, the trawl is swung out, lowered to the surface of the water, 
and towed until the frame assumes a horizontal position, and the trawl net, the pocket, 
the mud bag, and wing nets all trend aft and are seen to bo dear. 

When the vessel reaches her course under a speed of 2 to 3 knots, with the lee 
engine only working, the order is given to lower sway. The first few fathoms should 
be veered with promptness and sufficient rapidity to insure sinking the trawl well 
below the propeller, after which the commanding officer will prescribe the rate a t  
which it shall be veered and regulate the speed of the vessel. Under ordinary con- 
ditions it would be about 3 knots per hour, and the first 200 fathoms of dredge rope 
would be veered a t  the rate of about 30 fathoms per minute. 

Tho engineer a t  the dredging engine calls out each 100 fathoms, the recorder 
notes the time and stands, watch in hand, ready to increase or check the rate of 
veering, which is never allowed to exceed the prescribed limit. 

By the constant use of the dredging quadrant the commander knows the angle 
of the rope at  all times during its dascent and so regulates tho speed of the vessel 
and rate of paying out that the sinking of the trawl is Iacilitated, at the same time 
guarding against its capsizing or the rope kinking, contingencies that inevitably 
follow too rapid veering of the latter or too low speed of vessel. 

Absolute 

DREDGING TAULE No. 1. 

400 700 00 62 50 
4 55 50 

50 44 
000 
800 

1,000 50 
60 

4 46 35 
4 40 a5 

1,500 
2,000 
3,000 - -_ -_ .I__ 

rules can not be laid down for lowering the beam trawl, as its rate of 
descent varies with the conditions, which are rarely &e same during two successive 
casts and frequently change more than once in the same haul. Yet dredging table 
No. 1. shows approximately the method followed on board the AZbatross, which, in  the 
light of experience, is considered safe practice under normal conditions. 

The angles in this table are from the vertical. The speed a t  which the trawl is 
dragged along the bottom is not given in tho table. It is usually lsss than that in the 
column for lowering, but is so variable that the safest plan is to maintain the angle 
as nearly as possible by the use of the dredging quadrant, regulating the speed as 
required, regardless of the actual progress of the vessel through the water. 

The scope of dredge rope is given for ordinary practice, yet for rapid dragging 
in comparatively shoal water three and even four times the depth is allowed. 

The rate of 39 minutes per 100 fathoms for veering the dredge rope has been 
maintaiued up to 2,000 fathoms or more, sometimes successfully, but it i8 running on 
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t h e  verge of the clanger line where the slackening of the vessel’s speed or other 
unexpected occurrence might result in kinking it, capsizing the trawl, or fouling the 
net. The dredge rope is to tlie beam trawl what the string is to the kite. Hence the 
necessity for keepiug a continuous strain on i t  wliile it is going down; otherwise it 
will lose its balance and finally capsize, as would tlie kite with a slaclrened string. 

The horizontal drag resulting froin tension on the dredge rope and the mean track 
of the trawl from surfhce to bottom is sliown by the following data from Table 1(p.  301), 
where the deptli is 3,000 fathoms and length of rope 4,000 fathoms. The time occupied 
in paying it ont is 3 hoiirs and 38 niinutes, or 158 minutes, during wliicll the ship 
moved througli the water 6,375 fathoms, a t  a mean speed of 2.55 knots per hour, or 
42 fathoms per minute. The rope was paid out a t  t,he iiiOan rate of 26.3 fathoms per 
minute, wit11 a resultant drag of 2,386 fathoms, a mean of 15.7 fathoms per iiiiiiute 
liad the trawl remained on the surface, but i t  sank a t  tlie mean rate of 1?.7 fi~tlioiiis 
per minute, increasing the drag 1,414 fathoms, or 9.3 fathoms per minute. Thus tlic 
total horizontal drag was 3,500 fhtl~orns, or a mean of 25 fathoms per niinute. 

The margin between the speed of ship and rate of veering rope grows broader as 
greater depths are reached and the length of rope increases, for t h e  weight of the 
latter accelerates the forward movement of the trawl and assists in steadying it. 

A beam wind is most favorable for lowering and d i q g i n g  it, as the vcssel will 
then drift well clear of the dredge rope and the speed is easily regulated, either with 
the engiiies or by the use of sail. Hauls hsve beeti made in deep water under s;iil 
alone wheri the conditions were favorable, thus economizing fLml micl saving wear and 
tear of machinery. 

If the vessel mill not steer with the lee erigine, as inny happen under low speed, 
drag of trawl, and unused propeller, i t  should be stopped mid the weather one wed 
iustead, as the drag mill in  a measure counteract the iitclination of the vessel to fa11 
o d  The weather engine would be used habitually only for the possibility of tlie rope 
being caught in the propeller. 

The requisite speed for lowering the trawl will be readily nttsined with the engines, 
brit with fair wind sud  current the lowest speed might be too great for driigging after 
the trawl is landed on the bottom. In this case the engine may be stopped and tlie 
vessel allowed to drift, the rate being increased, if desirable, by the usc of sail. 

It has been found necessary in exceptional cases to slowly back an eiigine to  retard 
the drift, and with an adverse wind and current it may be advisable to  use both 
eugines turning slowly rather than drive one at  high speed. 

The angle of dredge rope and the strain on it, shown by the accniniilntor scale, 
are watched very carefully after the trawl is lauded, and increasiiig strain is noted. 
Should the increase be gradual and not excessive, i t  is ai1 indication that the trawl is 
perforrniiig its function normally; but a suclden accession of 2,000 or 3,000 pounds 
signifies that the trawl has either encountered some obstructiou, or buried itself in 
the soft ooze of the ocean bed. 

Instant relief is afforded in either case, first from the dredging engine, which, 
having its friction clutcli properly ad-justed, allows the drum to reverse :~ud tho rope 
to ruu out until the strain is brought within the limit of safety, the vessel’s lieadway 
being stopped in the meantime. 

The rope is then hove short, the ship backing or steaming ahead slowly to relieve 
the strain, and in this manner she is placed directly over the trawl. If the trouble is 
due to its having caught on a ledge of rocks, or other ordiuary obstruction, it can 
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usually be cleared by steaming slowly in the opposite direction from which it was 
laid out. Sliould tliis maneuver fail after repeated trials, it is safe to conclude 
that the trirwl has buvied. In this case the rope is hove in to the limit of safety, aiid 
the vessel allowed to ride to i t  uutil the strain is partially relieved, then hove in agaiu, 
the operation beirig repeated until it is worked out of its bed. Then steaming slowly 
ahead, a portion of the load is washed out through the meshes of the net, which is 
fiiially hove up. 

If all etrorts fail, as sometimes happens, a steadily increasing strain is put upon 
tlie rope by goiilg ahead, or backiug, utitil the bridle stops part aud the tram1 comes 
up tail tiret, or the rope is broken arid the trawl atid its attachmerits lost. 

An overload of stones, clay, or tenacious mud is perhaps the most trying, for tJhe 
net cau not be relieved from its weight and must be hove up with the greatest care, 
consuming niucli valuable tiine atid, not infrequently, partiiig stops or rope just as it 
reaches the surface. 

The trihwl is dragged from half a11 hour to an hour a a d  a half in deep mater aid 
becomes more or less filled with ooze, making it very heavy, hence i t  sliould be hove 
up slowly at  the start, and iiutil a portion of i t  h,zs strained out  tlirougli the meshes 
of tlie uet, the vessel retaining a little llead\Vily niitil the depth of water uxceetls 
the letigt81i of subnierged rope; otlierwise the steady pull on it will soon tow tlic 
ves~el, :iud as she begius to move through tlie water tlie trawl will remain statiouary, 
possibly siulring more deeply irito the soft bottom, and become overloaded, while fish 
aud other free-swimming iorms that have not yet found their way beyond the pocket 
may swim out of the mouth of the net. 

The vessel should, uuuer no circuinsta~ices, be ailowed to shoot ahead and over- 
ride the rope, or slacken it sufficieiitly to allow it to kink, as it is prone to do, or to 
letwe a biglit lying on the bottom, for it will have to be dragged trausversely through 
tlie ooze, wliicli is sometimes a serious matter. Should tlie engirie be stopped after 
trawling to  windward, and tlie vessel be allowed to fa11 off with the rope treuding out 
from tlie weather side, as mould seem, a t  first thought, the proper thing to do, she 
will sooii have the wind abaft t,lie beani, lyiitg a t  right eiigles to her former course 
and directly athwart the rope. In this positioii the helm is ineffective, aiid tlie rope 
can be hove i n  only as fast as the vessel drifts, for as often as i t  is exceeded the rope 
will draw tightly under her bottom, wliereas lied she rounded to and stopped with tlie 
rope to leeward she would have gatliered steerage may aiid held a course sufficiently 
high to cleilr i t  until she bad nearly reached the trawl, when she could have steamed 
around it until the boom mas  again to windw:rrd. During boisterous meather it is 
advisable to lceap a little headway uutil the trawl is up. I n  the event of the sea 
beiug too heavy to laud i t  safely, tlie vessel niay be brought steru to, as iu sounding, 
while the last 100 fathom are coming in. Slie will thcn be in the best possible position 
for handling it. 

The speed a t  which a trawl should be hoisted varies with the ~hiiracter of service, 
the depth of water, and state of the sea, the first consideration being to secure the 
specimens in  the best possible condition. A speed that is admissible in 100 or SO0 
f,~thoms woiild destroy a large portiou of the haul if maintained from ;I depth of 2,000 
fibthoIris, and a rate that ~vould be practicable iu  smooth water would be destructive 
in a ]le:~vy sea. It has beeu customary on board tho Albatross to start very slowly 
uiitil the ~iiaxiinum strain is rcaclicd, them to run in about 26 fathoms per minutq under 
ordiiiary conditions, i11crei~411g the speed accortliiig to circumstances, following in 
geueral way the rule given in dredging Table No. 1, for lomeririg the trawl. 
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Dredging Table No. 2 is h k e n  from the original records of six hauls of the beam 
trawl, and shows a fair average D€ the Albatross's work under ordinary conditions: 

DREDUJUNG TABLE No. 2. 

E. N. S. 
1 18 3C 

1 13 80 
1 23 30 
0 55 40 
1 31 00 

2 12 00 

Depth of ~2 I water. 

Beam 
Knots. M .  8.1 trawl. 

3.0 3 00 L.B.T. 

1.0 3 45 L.U.T. 
1.0 3 56 L.B.T. 
0.5 4 54 L.B.T. 
1.0 4 24 S.U.T. 

2.0 a 59 L.B.T. 

Station. 
2505 
2560 
2570 
2571 
2572 
2575 

Scopo of 
dredge 
rope. 

Fathoma. 
3, 000 
4,000 

1 2 700 

2,8(10 
2,600 

2: 200 

Fatlutlloms. 
2,009 
2, 020 
1,813 
1,356 
1,769 
1,710 

Time 
per 100 

fathoms 
oing 

f0wll. 

M. S. 
3 42 
3 54 
3 36 
3 50 
4 00 
4 12 

1-1-1- 

Load in trnwl 
net. 

Li ht. 
OrSinary. 

Do. 
Do. 

Heavy. 
Ordinnry. 

The scope of dredge rope is greater than is given in Table 1, and serves to 
illustrate some of the exceptions to the rule there given. 

In  No. 2665 the excess was allowed for the purpose of rapid towing, as will be 
seen by the distance it was dragged. It was the first station occupied in the imtue- 
diate neighborhood and it was assumed that the depth was practically uniform, but 
the succeeding sounding showed that it had increased 661 fathoms and that the 
t rawl  had kept the bottom but a short time. The rapid rate at which i t  was hove up 
resulted from the light weight in the net at the start, which gave the impression 
that it was a waterhaul and no harm could come from recovering it rapidly. A 
variety of bottom forms found in the net was, however, sufficient evidence of its having 
been on the botton. 

In  the next haul, No. 2666, allowance was made for increasing depth, and the 
speed was reduced, the results showing that the calculations were sufficiently accurate 
to secure an excellent haul. 

In  the two following hauls a liberal allowance of rope was given on account of 
the uneven bottom and the results were normal, but in No. 2572 the trawl encountered 
an elevation into which it cut, penetrating the covering of ooze and bringing up an 
overload of gravel. 

During the haul No. 2674 the trawl encountered an obstruction from which it 
could not be cleared and it was lost, hence the use of a small trawl a t  No. 2675. It 
was handled with care, and hove up slowly to avoid injury to delicate specimens, as 
'the net was intended for shoal water and did not afford as much protection as those 
designed for deep-sea work. 

To land the trawl on deck, hoist it to the boom end, when the bag will hang a little 
above water, put a strap around it and hoist it inboard with tho boom tackle, either 
by hand or steam. I f  it is found to have a heavy load when it reaches the surface, 
suspend it  for a moment, with the lead rope jus t  out of water, ascertain its weight, 
then run it up to the boom end, or put s running bowline around it and take part of the 
weight with a tackle, and when it is up put a strap around it below the bowline and 
hoist it on board with the tackle, assisted by the after boom guy if necessary. 

The critical moment in landing a heavily laden trawl is when the bag leaves 
the water, for if it was near the limit of safety when submerged its increased weight 
in air might greatly exceed it. In  the event of the load being too great to warrant 
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1. The kind of trow1 uscd. 
2. 'rime of paying out each 100 fathoms of dredge 

3. Total length of dredge rope paid out. 
4. Course and distance trawl is dragged on bottom. 
5. Time the trawl i S  dragged. 
6. Time required to  heave up each 100 fathoms of 

rope. 

dredge rope. 

7. Load in  trawl net-heavy, ordinary, or light. 
8. General contents of the trawl net from his own 

observation, and such information as he call 
obtain from the naturalists. 

9. Any matter of interest connected with the 
haul, as striking an obstructioii, trawl bury- 
iug i n  the bottom; loss or injury to  rope, 
trawl, or othor apparatus. 
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1. Time reqnired to veer oach 100 fathoms of rope. 
2. The depth at which the net is towed. 
3. The length of rope out and angle at which i t  is 

4. Time and distance the net is towed. 
towed. 

COLLECTING FROM INTERMEDIATE DEPTHS. 

5. Time of descent of mclrsenger. 
6. Time each 100 fathonis of ropc was hove up. 
7. General account of the contents of lowcr and 

8. Anything of interest in connection withhaul. 
npper nets. 

1. The numbers and species of fish taken. 
2. Weight of each fish. 
3. Their length :~nd general dimensions. 
4. Parasites found on them, external and internal. 

5. Food-contents of stomach. 
6. Gencrd physical condition of catch. 
7. Relative abundance. 
8. Bait and apparatus used. 
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THE RECOGNITION OF MARINE DEPOSITS. 
Having loug felt the need of some simple and practical.suggestions for the recog- 

uitioii of the various kinds of sea bottom, I appealed, through the good ofices of the 
United States Fish Commission, t o  Dr. ,John Murray, of’ Edinburgh, Scotland, rcquept- 
ing him to forinulate such brief and practical rules as would enable tho inarine 
surveyor to recoguize tho goiiernl character of deposits oncountered in deep-sea 
exploration. In respouse, he kindly contributed the followiiig comprehensive descrip 
tion of the various lnariue deposits, and methods of distinguishing then1 : 

Tho marine surveyor will relider excellent service to science by carefully esaniining aud pre- 
serving for future study the samples of marine deposits brought up from various depths and positions 
on tho ocean’s floor (luring sounding and dredging operations. Recent investigations witli referetico 
to the compositiou and distribution of deep-sea deposits have lcd to  important geucralizatio~~s in geol- 
ogy a r i d  physical geography. It may be stated generally that  tho marine deposits foonnd in  sh:illow aiid 
deep watcr near shore are for tlie most port made up of mineral particles riutl detrital matters wishod 
clown from the dry laud or torn away from coasts by the action of waves and currents, and hence 
called Icwigenous d c p e i t x .  

011 tho other liand, marine deposits on the floor of the ocoan a t  distaiices bcyond 100 or 200 
niile8 from lend are for the most part made 111, of calcareous ntid .diceous shells, secreted by orgauislIls 
iii the surface waters, which have fallen to  tho bottom; tho mineral particlcs a11il olayey matter 
aesocided with those shells appear lilremise to Iiave, for the luost part, fallou from the surface :~nd to 
have beeu derived from floating pimice aud volcanic and other dust showers. These deposits are callcd 
pelagio deposite. There is :I great variety in these two great classes of deposits, and in passing seawart1 
there is a gradual transitioii from the one to the other class. 111 those regions of the ocet~n tom:trd 
the Arctic and Antarctic which are affected by floating ice the liue of demarkation is further corn- 
plicatetl by contiliental rock fragments and minerals being carried far t o  sea and deposited on areas oc 
the SO:L bed which would but for this circumstance be occupied by purely pelagic deposits. Phosphatic, 
glauconitic, and calcareous concretions ai e more or less characteristic of terrigenous deposits, .rv1lilo 
manganese nodtiles, sharks’ tooth, oarboncs of cetaceans, cosmic dust (magnetic splierules coil tainiiig 
niicloi of native iron and nicltel), and zeolitic crystals are sometimes abundant in  pelagic deposits. 

In examining a sample of a marine deposigthe surveyor should note its color and any evidence of 
stratification into different Iaycrs, as moll as tho size of‘ aiiy ruinoral or orgauic particles as observed 
by the naked eye. I f  a portion of a sample‘ bo shaken up iu a bottle with abundance of water the 
larger organic and mineral particles- can be separntcd from tho amorphous clayey and c:iloareone 
matter by decantations. If, after the water is lionred off tho Iarger pnrtioles, they be treated wit11 
a little spirits of wine and tlien a match be applied, the spirits of mine will bnrn away nud leavo 
the particles dry, so thnt  they may he easily esaniinocl with a loup or low power of tlie rnicroscope. 
The calcareous particles :we usnally of a white color, and consist, for the most part, of Foramiiiifcra 
(GZobiger.ha) o r  Pteropod shells. The former are more o r  loss rouudish in  form and the largest se ldo~~l  
over one-thirtieth of an inch in diameter. Tlio Pteropod shells arc larger but  iriurli thinner than tho 
Foraminifera. In  tho very deepest deposits the Globigerinm are all removed, apparently owiug to  
the eolvent powor of the water through which they have fallen. A t  lesser depths the tliiuiier 
Pteropods disappear from the  .deposits before the Globigeriun; i t  is therefore importnnt to note the 
presence or absence of these two classes of shells in doep-sea deposits. l’he siliceous org:misius, such ns  
Diatoms and Radiolarians, are rccognized by thoir transparent appoaranco and tiharp, clean-cnt edgcs. 

If a portiou of a sample be treated with dilute hydrochloric acid (1 part  acid to  10 parts water) 
all the calcareous particles may be removed, and the mineral 1)artit-los can thus be more convcniontly 
esniuinod. By this process also a rough estimate i m y  be formed of  the quantity of c:wbon:vte of liiito 
in the  eatnple, and this is one of the most importaut points in c1assifJ:ing deposits. l’he p:trticles of 
quartzlind felspars m:alting up the larger part of terrigenous deposits near lanil are ustially ronnded, or 
can be recognized by their fractures and transparent appearance. The rolcauic part iclw in pelagic 
deposits are usllally of a darker color, with the exception of tho splintered fragments of pumice or 
volcanic g]l~,qs. Particles of peroxide of manganese, so frequont j n  tlio red clays and &her pelagic 
deposita, can :tt once bo recognized by treating with a small quantity of pure hydrochloric acid in  a 
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white porcelain basin; the acid in a few moments dissolves the particles and passes away iu a dark- 
colored stream. 

In preserving samples for examination in the laboratory a t  home, the best method is to  place the 
sample ;is procured in a glass bottle and to add a small quantity of spirits of wine. 

The various kinds of iuarine deposits belonging to the two great classes have been named from 
the  relative abundance and character of the organic or inorganic materials of which they are com- 
posed. The following is the nomenclature adopted by Dr. John Murray after an examination of the 
samples procured in  various regions of tho ocean by the Challenger, the  Tuscarora, the Albatross, and 
other deep-sea expedition8 : 

’ lngic deposits, formed in deep 

2. Terrigenous de osits, formed in [ ‘lnnjmasses. deo and shalfow water close to 

Tho term “ooze” is applied only to pelagio deposits made up chiefly of the reniains of organisms, the term “clay” 
o d y  to the red clay found in the deepest regions of the ocean, and the terms “mud” and “sand” only toterrigenous deposits. 

It is unnecessary to  enter into details as regards the shallow-water deposits, but the following 
notes on the deep-sea deposits, which term is applied to those from depths greater than100 fathoms, 
may be appended: 

A. PELAGIC DEPOSITS. 

Redclay. Wiolnriaii oom. Diatom mzo; 

Blue mud; red mud; grceninud; volcanic 
I. Deepsca deposita, beyond 100 fath- GlobigArina ooze ; I’teropbd ooze. 

mud; coral mud. 

water far removed from land. i oms. 

water mark ant100 fathoms. } 11. Shnllow-water de osits, between low- Sands, gravels, muds, 

~ n v o l s ,  muds, 111. Littoral deposita, between high and 
low-water marks. } 

1. Red clay.-This deposit is spread over the greater depths of the occan remote from land, and 
is the most widoly distributed and probably the most cliaractoristic of all deep-sea deposits. The 
Cliallengw took 70 samples in depths ranging from 2,225 to  3,950 fathoms, the average depth being 
2,730 fathoms. The Albatroas investigations have shown tliat this deposit i8 spread over a wide area 
in the northeastern Pacific. The amount of clayey matter and the color vary greatly in different 
samples, but  red is the prevailing color, Bometimes brick red, sometimes dark chocolate, sometimes 
bluish or  gray. The immediate upper layer is thin, watery, and often has a lighter color than the 
deeper layers, which are much more dense. 

The red clay is soft, plastic, and greasy t o  the touch. When dried it cakes into a hard, compact 
iuass that  can only be broken with the blow of a hammer. Tho hardened fragments msume a glazed 
appearance and characteristic shining streak when rubbed briskly with the Gngcr nail or any hard, 
smooth body. In  the greater depths carbonate of lime may be almost, if not entirely, absent, while 
in  lesser depths it may rise to  over 20 per cent, and is due principally to  the remains of pelagic for- 
aminifera, with a fcw cocooliths or rhabdoliths and other minute calcareous fragments. The remains 
of pelagic siliceous organisms are usually present, principally radiolarians and diatoms, along with 
sponge spicules and arenaceous foraminifera. 

The principal mineral particles in  a red clay are fragments of pumice and the mineral species 
usually found in its different varieties. There may be also Jhgments of baaaltic glass, basalt, augite, 
andesite, and palagonite arising from the decomposition of the basic volcanic glasses. The peroxides 
of iron and manganese are found throughout the red clays in the  form of minute grains or coatings. 
When deposited as concretion8 around organic remains and other nuclei, they form manganese nodules. 
In some red-clay arm8 thousands of sliarks’ teeth and earbones of cetaceans, more or less imprecated 
or coated with manganese, have been dredged, and zeolitic crystals of secondary formation (phil- 
lipsite) and cosmic spherules are sometimes met with. 

It is evidently not a residue 
or wL8h dcrived from the solution of calcarcous organisms, as supposed by Wyville Thomson, bu t  i8 
derived from the  decomposition of aluminous silicates and rooks spread ov0r tho floor of the  ocean. 

Average oomposition of tho Challenger sanyles of red clay. 

Pelagic foraminifera ................................................................. 4.77 
Bottom-living foraminifera .......................................................... .69 
Other Organisms ..................................................................... 1. a4 

Siliceous organisms ................................................................. 2.39 
Mineral8 ............................................................................. 6.56 
Fine washings.. ..................................................................... 85.35 

The origin of the red clay has been tho subject of much discussion. 

Carbonato of lime : 

- 6.70 
Residue : 

- 03.30 
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The term “fine washings” is used to  indicate the amorphous clayoy matter in  a deposit left after 

troatment with dilute hydrochloric acid. 
2. Radiolakzn ooze.-This deposit resembles the red clay in  most respects, but  contains a much 

larger number of rndiolarian shells, skeletons, and spicules, together with sponge spiculetl and 
frustules of diatoms. The Challenger samples ranged in  depth from 2,350 to 4,473 fathoms, the 
average being 2,894 fsthoms. There is usually only a trace of carbonate of lime, though it may rise 
to  nearly 20 per cent, principally duo t o  the reniains of pelagic foraminifera, along with a few other 
calcareous fragments. Mangnnesonodnles, palsgonitic fragmen ta, sharks’teeth, earbones of cetaceans, 
zeolitic crystals, and cosmic spherulos have been found in  nearly all the samples of radiolarian ooze. 

Average composition of tlw Challenger samples of radiolarian ooze. 
Carbonate of limo: 

Polagio foraminifera.. ............................................................... 3.11 
Bottom-living foraminifera. ........................................................... 11 
Other organisms. .................................................................... .‘io 

- 4.01 
Roeiduo: 

Siliceous organinisma .................. i ............................................... 64.44 
Minerals ............................................................................. 1.61 
Bine washings.. ..................................................................... 30.88 - 05. 00 

100 

3. Diatom ooze.-This deposit when wet has a yellowish straw or cream color. When dried it is 
nearly pure white, resembling flour. Near land i t  may assume a bluish tinge. The surface layers 
are thin and watery, but  tho dceper olios are more dense and coherent, breaking up into laminatod 
fragments. It is soft and light t o  the touch when dried, taking the impress of the  fingers and sticking 
to  them like fino ilour. Small samples appear quite homogeneous and uniform, but  i n  all the Challet~ger 
soundings there were fragments of mimwals and rocks, and gritty particles can generally be felt when 
tho substance is passed between the fingers. Tho ClLalZenger samples varied in depth from 600 to  1,975 
fathoms, the average depth being 1,477 fathoms. The principal par t  of tho deposit is made up of the 
dead frustules of diatoms, together with radiolarian remains, sponge EpiCUles, and their fragments. 
The carbonate of lime varies from 2 to over 30 per cent, due principally to  the dead shells of pelagic 
fornminifera. The mineral particles vary greatly i n  nature, size, and abundance, sometimes volcanic 
rocks and minerals, sometimes those of ancient and sedimontary formations predomiuating. This was 
t o  be expected, for a11 tho Challenger 8amples lie within the region of floating ice in the southern 
hemisphere. 

Average composition of the Challenger samples of diatom 0020. 

Carbonato of limo: 
Pelagic foraminifera ................................................................. 18.21 
Bottom-living foraminifera. .......................................................... 1.00 
Other organisms ..................................................................... 8.16 

Silioeoue organiama ................................................................. 41.00 
Minerals.. ........................................................................... 16.00 

- 22.06 
Residue : 

Fine washings ....................................................................... 20.44 - 11.04 - 
100 

4. Globiycrina ooze.-This deposit is white, milky yellow, rose, brown, or grayish, depending on 
the nature of the horganic substances mixed with the foraminifera shells. ~ The prevailing color is 
milky white or rose-color far from land, and dirty white, blue, or gray near land, when there 
is a considerable quantity of detrital matter from rivers in the deposit. It is fine-grained and 
homogeneous. In tropioal regions many of tho foraminifera are visible t o  the naked eye, while in 
temperate regions the  for& of the organisms is, as a rule, indistinguishable without the aid of‘a lens. 
When dried a globigerina ooze is usually pulverulent, but  some specimens with a low percentage of 
oarbonate of lime cohere slightly. The Challtmger samples ranged in depth from 400 to  2,925 fathoms, 
the average depth being 2~002 fathoms. In addition to  the pelagio foraminifera many other organisms 
contribute to  the carbonate of lime in a globigerina ooze, some living in the BUrfaCe waters, others at 
the  bottom of the sea. Among the former are pelagic molhsks (pteropods and heteropods) and pelagio 
ealcamous algz (coccosphcres and rhabdospheres with their broken parts, coccoliths and rhabdoliths), 
and among tho latter are remains of molluscs, eehinoderms, annelids, corals, polyzoa, and bottom- 
living foraminifera. Tho proentage of carbonate of lime varies. from 30 to nearly 100 per cent, tho 
estimated percentage due to tho presenoe of the derad shells of pelagic foraminifera alone being usually 
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about 50 per cent of' the wholo deposit. Tho siliceous remains of radiol:iriaus, diatoms, and sponge 
spicules are ne?rly always proseut, but usually in  small qucutity. 111 the linrest sanipks of 
globigerina ooze iniueral particles are exceedingly rare, and consist for tho most par t  of a few minute 
fragments of feldspar, augite or  hornblende, magnetite, volcanic glitss, sornetiuies more or less altored, 
with which :ire associated a siriall quantity of chyey matter aud t h o  oxides of irou and ixingnnese. 
111 the  lcsb puro samples the lnincral particles become 111or0 ntluLerous, feldspar, atigi to, olivine, 
hornblende, aud iiiore rarely mica, brouzite, actinolito, chromite, glauconite, quartz, and cosrriic.dust 
beiug met with. The terms pulviuuliua ooze, orbuline ooze, :uid biloculina ooze have arinen through 
a misconception, tlio samples examined having been passod through sieves and only tho larger particlee 
preserved. They :ire all rcslly. globigerina oozes. 

Averuge conyositio,k of the Challenger sam~ilcs of globiyerina ooze. 
Carbonate of limo: 

I'elngic foraminifer;i. ............................................................... 53.10 

Othor organisms .................................................................... 9.24 
llottom-living fornininilern ........................................................ 2.13 

- 64.47 
Xosiduu : 

Siliceous orgnnism8.. ............................................................... 1.04 
~ ~ i n e r n l s  ............................................................................ 3.33 
Fine waaliitrps.. .................................................................... 30.66 - 35.63 

5. Pteropod ooze.-This tleposi t resembles tho globigorina ooze in nearly all particulars, differing 
mainly in thegreater abundance of tho sliells of pelagioniollnsks (pteropods nnd heteropods principally), 
whieh sometiiues makes upover 30 pcr ceiit of tho deposit. Tu occnnicregions the deposit approaches in 
coristitutioii a globigorina oozc, Iieing, however, more friable sild gr:iniihr and less homogenoous and 
uniform from tho prcseuce of these larger shells, bnt t h o  niincral particles aro the  amino as ill a globi- 
geriua ooze froin the same rcLgion. Kear the coast liuo tlie pteropod depositu resemble tho terrigenous 
deposits in  tlie largo number of shoru materials mil organisins which enter iiito their composition, or 
fmgmcnts froiri coral rcafs ant1 calcarooiis orgallisins from shallow water 1nay inalto up a large part of 
the deposit. Tho Challenger samples range in depth from 300 t o  1,525 fatlioms, thc: average depth being 
1,044 fathoms. The percentage of carbonate of lime mries  from over 50 t o  nearly 100 per cent, Iirinei- 
pally due to sltclls of pel:lgic: foraminifera and pelagic ~uolliisks. Tho rcmains of siliceot~s organisms 
are iisnally present in  small quantity. Somgtimes, I I O W ~ V B ~ ,  they may I U ; L ~ O  1111 nearly 20 per c m t  of 
the whole cluposit. They are principally sponge spivdes, radiolarians, cli:itoiiis, along with a few casts 
of foraniiuif'ers ant1 :trenaceotis foroininifer:h. Mineral particles, princi~,:~llymagnetite, augite, feldspar, 
hornblencle, eto., makB u p  from about 1 to 10 per cent. 

Aceruge eonq)ositiop of the Cliallenger aamplca of p feropod ooze. 
Carbonate of lime: 

Polagio formiinifera ................................................................ 47.15 
Bottom living fonwninifor:i '. ....................................................... 3.15 
Otlieror~anisrus .................................................................... 28.95 - 70.25 

Ilosidue : 
Siliceous organisms.. ............................................................... 2.89 
Minernls ............................................................................ 2.85 
Fine washings. ..................................................................... 15.01 - 20.75 

100 
B. TERRIGENO~S DICPOBITS. 

6. BZue mud.-This name has bee11 adopted for the deposits most freqnontly mot with in  tho deeper 
waters Hurrounding continental land, aut1 in all iuclosed or partially inclosed s m s  mora or less ont off 
from free comsnunication with the open ocean. Tho 1nateri:rls of which the blue U I U ~ B  arc principally 
composcd are derived from the disintegration of continental laud, and are very complex in character. 
When eullected tbie deposit is blue or slate-colored, with an upper red or brown layer which had beoii iu 
imniediste contact with the water. The blue color is due t o  organic matter and sulphide of iron in  a 
fiue state of division, and tbese muds have, as a rule, when t:ikeu froin the  sounding tube, :I sinell Of 
sulphurotted hydrogen. 

The red or brown color of the thin watery upper layer is evidently duo t o  the presence of ferric 
oxide or forrio hydrate, but as the deposit accumulates this oxide is transformecl into niilphide and 
ferrous oside in  tbe  presence of organic matter i n  the underlying layers. When dried the deposit 
becomes gray or brown, owing to  the oxidation of tke sulphide of iron. Sometimes tho samples are 
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homogeneous; at other times tho aspect is heterogeneoiis, owing to the presence of large frzigiiionts of 
rocks aiid shells nod small fragiuouts of oalcareoiis orgauisuis. When met the deposit may bo ltlastic 
aiid behave like a truo cliiy, ba t  :is :L rille those miids iiiay be described rather as carthy thau ibs clayey. 
"lie Challenger samples I * : L I I ~ ~ ~  in dupth froui 123 to 2,800 fkthoiiiN, the avorage depth beiiig 1,411 
fathorns. The porceiitego of carboualo ofliiiie vibrics from a more trace to  over 30 pcr ceut, consisting 
maiuly of pelagic aut1 bottom-liviiig loraiiiiuifera, along with other calo:~rooiis fragments. 

Tho ~ l i ~ l l ~  of pelogia species of foraiiiiiiifora, which inalru 111) so 1:irgo a part  of i l  globigorina 
ooze, are iiot a b u i u h t  nor iuuiveraally dietribiiteil iii the blua muds, the roiuains of shallow-mater or 
bottom-living orgaiiislus protloluiuatiug in moug ciLses. The rciiiaius of siliceous orgaiiisins iire usually 
prosent in sinal1 quantity, soiuotiuies making up 15 per ceut of the whole deposit, aiicl consist of diu- 
toiiiti, radiol:~ri;~ns, spouge spicules, uronaceoub f'oraiuiuifora, i~ud casts of the calcareous organisms iii 
g1:iucouite or some allied silicate. The iuiuenil part(ic1es aro iiiostly ilerivod from i he ildjarcnt lands, 
mil rousist largely of tlio fragiiiuuts and ininorals of tlie various roc~cti forming the contiiieiits. rrilo 
size of the miueral niid rock particles varies iiiuch with tlie position; thoy are i ~ s  a rrilo larger mar 
tlie shore and siiiallor as the  deep sea is :bpproachcd, except iii those regioiis :iffcctoil by h a t i n g  ice. 
More tliaii lialf'of tho deposit is i i i  itiauy C:LWY inailo i i p  of t ho  miiior;il p:~rticlea, oonsistiiiy largely of 
roiiu5led grsius of qitartL, :dong \vi t h  particles of oltler aryat;illiiie or sohisto-crystalline rocks, qiiartaite, 
snudstonos, :tiid liiiiestoues. Aiiioiig iuiuorals, besides cluartz, aro orthoclase and plagioclase, greoii 
hornblonde, :ttigitu, uiica, epidote, u ta .  j glniicouite caii iiot be considered char:icteristic of blue inud8, 
biit is to  be foiiud in nearly all of thoiii, though in limitud quantity coiiiparecl with tlio grcoii uiuilh. 

Average cori~posilioi~ of the Challetiger 8nity)lea of bhie it~zcd. 

Carboonte of lime: 
Pol:@ tblamiiiilbr;i .......................................................... 7. e2 
13ottoni-living foiutiiiiiilora ...................................................... I. 75 
Othur orpauimia ............................................................. 3.21 

eolis organistiis ............................................................. 3.27 
Miiiurnls ........................................................................... 22.48 
Piiio waabiiiga. .................................................................... 61.77 

- 12.48 

- 87.52 - 
100 

7. X e d  ~iiritZ.--hloug the 13razili:iii coilst of South America tho torrigolious deposits offshore are 
clifiixeut froiii the doposils found in siiuilnr positious along othor ooutinciits iu tliat they are all of a 
rod-browu or red-brick color, apparently duo to tho largo quantity of ocheroily niattor carried iuto the 
oce:~ii IJY tlie Amazou, Orinoco, and other Sontli Aiiioricaii rivers, aucl clistribiitod by ooeaiiic currents 
along these coasts. Siiiiilur rod doposits aro foriuod in the Yullow Sea oft' the  Chiiieso coast mar the 
mouth of the Yang tso Kiang. Although org;iuic mattors are l)robably :is abiintlaut as in tho doposits 
n~oi ig  other coasts, still thoy do uot soern t(J be sufficient to rednce the wliolo of tho peroxide of iron 
to  the st:tto of protoxide, nor doos sulphidc of irori.nocrirr~~rlate here DN i n  the b l w  muds. 

It is a rem;irltabli, fact that  t h r o  18 110 trace of tho groen-colored g1:iiiconitic casts of foram- 
inifera and othor cu1c:irooiis org:misms, nor of xiiy of tho glaucoiiite gritins which usually ticcompany 
those casts in  othor torrigolious deposits. There are a few spiaulcs of siliceous spougos, but irnstules 

In otlior respects 
this doposit resembles a blue mud. The C~ta((otigcr w,uiples vrmicd iii clopth from 120 to 1,200 lhthoins, 
tho aver:ige dolitti being CY3 fathorns. Tho porcaiitago of wrboiinto of limo varies froiii 6 to  GO per 
coiit, apparently depeiidiug iiioro ou proximity to  tho mouths of rivers th:w on depths. Tho shells of 
puliigic mid bottoiii-living for:miiiiifera are tho most abiiudant of the oaloereous organisms. The 
iuiuerdl particlua range from 10 t o  25 per ceut, quartz being the inoat aliundaut. 

diatoms :tnd the rom:tiiis of yailiolarious ~ L P O  oxcootliugly rare or wholly absent. 

A v s r a p  eonqiosition of the Challenger sasqdss 0.f red n w d .  
Cerbonnto of lime.: 

I'olngic foraminiforo. ............................................................... 13.44 
1khtoui.liviiip fornminifor:i ......................................................... 3.33 . 
Other organisms.. .................................................................. 15.51 - 32.28 

Rosidiie: 
Silicuous organisins.. ............................................................... 1 
Miuoi~alrr.. .......................................................................... 21.11 
Fine wad~jnge ..................................................................... 45.01 - 67.72 

I?. U. B. 1896-26 

-- 
100 
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8. Green miid ana sand.-In their compositiou, origin, and distribntion these deposits resemble in 
many respects t h o  blue and red muds. Their chief characteristic is tho preseuce of a greater or less 
abundance of glauconitic grains and glauconitic casts of the calcareous organisms. These iiiuds ant1 
sands are almost always developed along bold and exposed coasts, where no very largo rivers pour 
tlieir detrital matters iuto the sea. They contain, as a rule, mauy remains of calcareons organisms, 
mineral particles from the continental rocks, and a considerable quantity of clayey matter, although 
fine clayey or detrital matter appears always t o  be loss abundant than iu a characteristic blue mud. 
Along coclsts where these deposits are laid down pelagic conditions appear to  approach much nearer 
to  the shores than where blue muds prevail, as, for instance, on the Agulhas Bank and off the Atlantic 
coast of the southern United States; t o  such an extent is this the case that, wore it not for the presence 
of glauconite and the nature of the mineral particles, many of the green muds might equally well be 
called globigerina O O Z ~ R .  

The green sands differ from the green muds chiefly in boing more granular in  appearance, owing 
t o  the relatively small quantity of amorphous matter present, and are usually found in shallower 
water. The average depth of the  Challenger samples of groen mud is 813 fathoms, and of green sand 
449 fathoms, the range of both classes being usually from 100 to  900 fathoms. The percentage of car- 
bonate of lime varies to  a great extent, the average being 25 in the muds aud 50 in  the sands, pelagic 
and bottom-living foraminifera being the principal constituents. The percentage of siliceous organ- 
isms may be as high as 50, usually higher in the muds than in the sands, irnd they are principally 
glauconitic casts of calcareous organisms along with diatoms, radiolarians, sponge spicules, and 
arenaceous foraminifera. The miueral particles usually make up a large part of the doposit, sometimes 
nearly 80 per cent, the grains of glauconite being tho most characteristic, along with quartz, felspar, 
magnetite, hornblende, augite, etc., and fragments of continental rocks. In the green sands there are 
frequently nodules and small concretions of phosphate of limo. 

Average eonqomition of the Challenger sanbples of green mud and ! p e n  sand. 

Carbonate of linie : 
Pelagic foraniiniferu .......................................... 
Other organisms.. ............................................ 
Siliceous organisms.. ......................................... 
Minerals.. .................................................... 
Fine washings.. .............................................. 

Bottom.living foraminifera .................................. 
Residue : 

I I Gruuumud. 1 Greon sand. I 
14.59 21 
2.04 15 
7.99 13.78 -- 25.52 -_ 40.78 

13. G7 8 
27.11 30 
33.50 12.22 -- 74.48 ~ 50.22 

I 

-- 
100 I 

9. Folcanio n m d  and sand.-Around oceanic islands of volcanic origin the deposits consist in a 
large measure of tho rooks and minerals arising from the disintegratioii of tho volcanic rocks of the  
islands. Near shore, within the region of wave action, these are largely sands composed of volcauic 
material and the fragments of calcareous organisms which vary much in size. In deeper water, further 
from the islands, the mineral particles become less abundant and smallor, while pelagic organisms, 
such as foraminifera, and ptoropod shells, coccoliths, and rhabdoliths, increase in  number so tha t  the 
deposit assumes the  character of a mod in  which there is a considerable quantity of cleyey and 
calcareous matter, light gray, brown, or black in color, aud of an earthy rather than a clayey character. 
These deposits may be found along any coast whore volcauic rocks prevail, but they are character- 
istically developed around tho volcanic islands of tho greet ocean basins. In  general appearance and 
composition they preseut great variety, dependiug on position, depth, and tho orgaiiic remains that  take 
part in  their formation, their chief characteristic boing tho relative abundance of volcanic materials. 

Tho Cl~aZlen!/er samplos of volcanic mud range in depth from 260 to  2,800 fathoms, the average 
depth being 1,035 fathoms; tho samples of volcauic sand range from 100 to  420 fathoms, the average 
depth 1)eing 243 fathoms. The amount of carbonate of lime varies greatly, sometimes rising to  70 
per cent, principally due to the  remains of pelagic and bottom-living foraminifera. Siliceous 
organisms are rare, always under 5 per cent, consisting of radiolaria 8 onge spicules, diatoms, and 
arenaceous foraminifera; t rue glauconitic casts and grains :ire absoni. pTlie mineral particles make 
u p  a considerable portion of the deposit, somotimes rising to  80 pcr cent; the most characteristic are 
sanidine, plagioclases, augite, Iiornblemdc, rhombic pyroxenes, oliviue, aud magnotite. Among the  
lapilli the  most frequent are those beloiiging t o  the basaltic and andesitic sorios o f  rocks, especially 
those belonging to  the vitreous varieties, and they are often iteoomposed into palagonitic matter. 
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Average conbpositiou of lhe ChUlhger saniptea of volcanic mud and UOIOUT~~C salrd. 

Other organisms.. ............................................ 
Siliceous organisms.. .......................................... 
Minerals ...................................................... 
Fine washings ................................................ 

Residne: 

403 

7.17 

1.82 
40.82 
3G. 87 

-- 20.49 

-- 70.51 -- 
100 

______ 

Coral mud. 

Volwnio H I I U ~ .  

Coral said. 

13 
3.80 
11.90 

1.40 
60 
0. El 

-_ 28.70 

-- 71.21 -- 
100 

Carboriato of‘ lium: 
l’elagiu foraminifera.. ......................................... 31.27 
Bottoni-livinc foraaiinifwn ................................... 14.64 
Otlior orgnniims.. ............................................ 3Y. 62 

Siliceous orgnuisins.. ......................................... 1.36 
Miuorals.. .................................................... 
Fine wtrshiuga. ............................................... 12. 11 

Residue : 85.63 

14.47 

30.25 
20 
30.50 

6 
3.75 
4.41 

80.84 

13.16 
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LIBRARY. 
The ship's library c,oiitains over 400 volunies, under tlie headings of n:itiiral 

history, scientific, publications of the U. S. Fish Uoniiiiission, Natioiial Museum, aiitl 

Smithsonian Institution, iiavigatiou a i d  nautical astroiiouiy, steuiii, history, biogi*aphy, 
ctc. I t  is tlie intelltion to provide such works as will be useful i n  all brmiches 01' 
investigation carried 011 by the vessel, text-books nncl professional works required by 
the officers, besides a few standard volumes of history and biography. 

PREPARATION AND PRESERVATION OF SPECIMENS. 
The methods followed 011 board the Albatross will bo brielly described; and the 

location and arrangement of the laboratories with the facilities they oKer for the worli 
of the naturalist mill be referred to again, more in detail, in order to  give a better 
understanding of the descriptions that follow. 

They are located near the middle body of the vessel, a t  the point of least motion, 
forward of and free from the heat of the furnaces and vibrutioii of the engiiies, where the 
naturalist may safely leave specimens and a1)paratus lying on tables a n d  about t h e  decks 
at times when in other parts of the vessel they would require to be carefully securecl. 

The upper laboratory, in the deck house, 14 feet in length, 12 feet G iuches wide, 
aiid 7 feet 3 iiiches high, has a large skylight overhead, two windows, and one door 011 

each side, and a door coinrnunicatiiig with the stateroom of the resident naturalist. 
A small chemic:d laboratory occupies oiie corner of tlie forward end, marly tlie 
whole after bulkhead being covered by :t book case iu which an esteusive professiouiil 
library is kept, while in tlie center of the room stands a table about 6 t'eet squiwe, 
around which four persons may seat themselves, each haviug a t  his right hand a tivr 
of drawers convenieutly arranged within frames wliioli form the legs of the table. 

A false cover, surrounded with a 3-inch ledge, water-tight, is used at sea to 
prevent specimens, etc., from sliding off in heavy weather; also to 1)revent the 
dripping of muddy water 011 deck. Over a lead-liued sink arc faucets for water and 
:~lcohol, both leading from kinks, arid above them, attached to the bulkhead, are two 
eruall aquaria, with water coniiectioiis, used for tlie study of marine life. An ainplo 
siipply of natural light and ventilation by day aut1 an abundance of electric light at 
night combine to make i t  an admirable operatiiig room. 

The lower laboratory is on the main deck directly bciicatli the upper one, i t s  only 
means of access being by a stairway leitdi~ig d o ~ n  froin that apartiiiont. It occupies 
a space of 20 feet fore and aft, s i l d  exteiidv eutirely a(:ross the vessel. It receives 
light and natural ventilatioii from threo large air ports 011 each side mil two movable 
deck lights 12 inches in diameter; it has also the means of artificial ventilation and 
electric lights. The forward bulkliead is covered with speciiiieii cases of sufricient 
capacity to hold the glass jars aiicl bottles filled during an ordinary trip, and tliere are 
appropriate lockers for copper tanks in which the larger forms are preserved. Work 
tables are ranged along the sides, a cliemical table with appropriate loclzers aid 
drawers 011 t h e  after bulkhead, a photographic dark room with a large lead-lined siiik 
and runuing water on the port side, and on the starboard side a medical dispensary. 

Its fwe is 
composed of a row of wire paneled doors about 2 feet ci iiiclies wide and 4 feet high, each 
having independent fastenings. Opening a door, from threo to si% sliding drawers, 

The arrangement of the specimen case is siiiiple and convenieiit. 
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2 feet G iuclies square ant1 G inclies. Iiigh, are seen, o m  above the other, restiltg 
lipon cleats. The clrawers are filled w i t h  empty glass jars ant1 bottles preparatory 
to a cruise; wlieii reqnired for use a dribwer is withdrawii and is carried to  the 
operating roou~, wliere i t  remains uiitil the bottles are filled, when it is returned to it5 
a1,propriate plncc in the case. Pollowing this system the losses by breakage, even in  
the worst weatlicr, are reduced to the minimum. 

Copper tanks for alcoholic spcciiiiens are of three standard sizes-4,5, and 16 
g$:illons; special tanks are of any size or shape desired. They are carefully ~ n a d ~  of 
lteavy niaterial, tliorouglily tiriuetl inside, and closed with circular covers as large as 
the dimwisions of the tanks will i ~ l l o ~ ;  tlley are without hinges, being seciirod by 
four tlinmbscrcws, working through small projections placed at  equal distances 
itround the circumference of tlte covers. The joints are made on rubber gii,altets. Tho 
tm tks are filruislied t o  the  ship in wooden transporting cases having strong iroii 
hi~ildles and hiiiges, the covers beiug secured by padlocks. Tho cases contain fonr 
4-g311Oii, two S-gallon, or oiic 1G-gallon tarilr eacli, and, the tauks fitting snugly, i t  is only 
necessary to loclr tlte cases to prepare tlielv for shipment. 

Tlie laboratory storerooin is under the lower laboratory and can be entered only 
from tlke latter. Specimen cbses of the laboratory are duplicated in tlie storeroom, 
wliich has also convenieiitly ariwiged loclrers and bins for the safe carriage of alcohol 
i t i  bilrrels or tanks aud tho storage G f  speciinens of all descriptions, iiiclutliiig the 
sup~~lies :ml v:iried y)paratus belongiiig to the sciontifie department. It is lighted by 
electricity, ventilated artificiially, and, in case of fire, cmi be iiistantly closed froin 
;lbove and filled wit,li stem. The storerooin receives little or 110 heat from tho iirerooii*, 
as I;irgc (:oiLl bunlrers lie 1)otween. 

LABORATORY OUTFIT. 

A coniplcte sclic?dnle is considered unitecessary, but the following partial list of 
;irtioles iiii:ludetl i n  the scientific outfit mill eriable the reader to  form 1% general idea 
ot’ the ap1)li:moes uaecl in tlte liiboratories of the Albdross : 

Partial list of Itcbovuiory orftjit. 

Acids, picric, chromic, ctc. 
Alcohol, b:irrols and tanks. 
A I n  in. 
An timoiiy. 
Anvil .  
Arsenic. 
h O 8 .  
Ihgs, riiblmr. 
Blast, s:int1. 
Boaos, i i w t n ,  :issorted. 

Uottlos, gli~ss, :issortoil. 
Ihiclcets. 
C:inior:L 1uc:ida. 
Ciirriera,. pliotograpliic, with ac- 

cessorres. 
Chisels, coltl. 
Cliisols, m o r t i ~ i ~ ~ g .  
c]:iy for mrikiiig casts. 
Cloth, bolting, silk. 
Cloth, cotton,  WHO. 
Cntters, mire. 
Dippers, galvani~otl iron. 
I)ipliers, g:ilv:iulzwl irnii, fino 

Dishes, assortctl, gl:ihs:tltfl (l:ll.lh- 

BOXeH, H I I I d 1 ,  :IRSOl%PCl IXlIlel. 

wire.clotl1 liottoiii. 

en wnro. 
Drills, t,wist, aesortotl. 
Envelopes, letter :tiid )rote. 

Filter. 
Forrops. 
c:llll, wllnlo. 
I-I:iniiuerH, blnolcsiriitli. 
Fkiiiimcrs, rivotiug. 
I-latohuts. 

Ilgdroiiietor, glass, for alcohol. 
Jars, glitss, with corks, eight 

Jars, fruit, gI:iss, piiit, qnart, 2- 

.Jars, butter, gl:iss, 2-11011nd, 4- 

Knives, cartilago. 
I<~iivos, dissecting. 
Ihives, oyster. 
IAanip:, electric, Iiaiid, :iud s i i l i -  

l~anco, bomb. 
i\lic:roscnpo, wi tJi accossoriefl. 
Nets, surlhcc, silk boltuig-(~loth. 
Nota, tub strainer, IIiien .ycriiii. 
I’apor, 151iglish whitu t,issuc 
I’tqmr, niauiln. 
Paper, Io t tc~r  slid note. 
Ihpcr, strnw. 
l’:hils, wontleu. 
l’uiis. I m p ,  galvanized irou. 

IlarpoonH. 

nizes. 

q wirt. 

pomid. 

n~nriue. 

Pans, marbleieod, assortud. 
Pistols, colloctiiig. 
Plaster, for models and casts. 
Potauh. 
Pressor, cork 
Rings, brass, surface uot. 
Rings, galvnnized iron, siirface 

Rule, coniiiioii 2-foot. 
Itiile, nrillinwter. 
Iiiflo, .W c:rliber. 
Shotguns, 12 bore. 
Shotguns, 10 bore. 
Scissors. 
Sieves, assortetl. 
Sl1oars. 
Shovels, commoii. 
Spadcs, conimou. 
Spades, troiiching. 
Still, copper. 
Syriiigos, hypodermic. 
Tanks, coppcr, alcoholic specj- 

Tools, carpenter’s c.hest. 
‘ h b H ,  wnsli ,  large sizo. 
Vials, Iioineopnthic., assorted. 
Vise, boiic-h, 
Vim, hand. 

nut. 

111cn. 
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CUT 76.4 

THE METRIC SYSTEM. 

The metric system is in general use by naturalists for the measurement 
of fish and other forms. A meter is the standard of linear measure. It is 
the ten-millionth part of a quadrant of the meridian, or 39.370 inches. A 
meter equals 10 decimeters, 100 centimeters, and 1,000 millimeters. 

The accompanying scale of English inches and millimeters furnishes 
a convenient method of comparison and conversion, one into the other. 

GENERAL REMARKS ON PRESERVATION O F  SPECIMENS. 

The data from which the following description of the methods of 
preserving specimens obtained by the collecting apparatus is compiled 
were kindly furnished by Messrs. James E. Benedict, of the Smithsonian 
Institution: and C .  H. Townsend, resident naturalist of the Albatross. I 
have also quoted freely from.Bulletin No. 39 of the National Museum. 

The chief object of the deep-sea investigator is to obtain accurate 
information regarding life in the waters of the ocean and the physical 
conditions under which it exists, rather th in  the discovery of new and 
wonderful forms, each successful haul of trawl or dredge being made to 
do its part. 

In operating the collecting apparatus and before it reaches the 
surface, the ofiicers of the ship have given the station a serial number, 
located it astronomically, and recorded its physical conditions, the depth 
of water, character of the bottom, temperature of the Fir, surface, and 
bottom, specific gravity, currents, etc., and when the specimens are identi- 
fied and described their names will ever after be linked with that particular 
station. Hence one’s best work, or that of otlier investigators, will be dis- 
credited or worse by carelessness on the part of those having charge of 
the handling and preservation of tjpecimens. A label giving a wrong 
station number, a trawl net not well shaken out and picked over, speci- 
mens carelessly left in the corners of the table sieve or on deck, where 
they may become mixed with the contents of a subsequent haul at another 
station, will falsify the record, perchance beyond the possibility of correo- 
tion. If there is a doubt as to the station to which a specimen belongs, 
give it the date and any other available information, but no attempt should 
be made to supply a station number by guesswork. No label a t  all is 
better than a false record. 

The contents of the trawl having been landed in the table sieve 
(plate XXXIV), tbe net should be carefully examined for hydroids, corals, 
or other delicate forms that are often found entangled in the meshes, cling- 
ing to the web, or caught on the frame, and in this seemingly accidental 
way valuable specimens may be taken in good coudition that would be 
liable to serious damage if imbedded in the mud and general contents 
of a haul. 

The fish found in the table sieve are picked out and placed in buckets 
or tubs of clean water; the invertebrates are assorted in a general way 
into Dana, dishes, or sieves; the deck hose, without nozzle, is used to mash 
,parrstiva scala of lineas the mud through the grated bottom of the table Rieve, 
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turned aside from time to time while the more delicate forms are picked from the 
surface of the mass or from the meshes of the sieve. 

Aft& the specimens resulting from the haul are gathered from net and sieve they 
are taken to the laboratory for assorting and preservation, a process nsually quite 
simple, yet requiring experience and good judgment. 

Alcohol is the preserving medium heretofore in general use, To insure its 
successful application, most specimens require to be first placed in a weak solution 
which, as it permeates the tissues, should be ch:ha,nged to stronger, thus cornpletirig 
the preserving process before they have time to soften and decay. An alcoholic 
mixture of 75 per cent is regarded as sufficient for the permanent preservation of 
well-cured specimens, altliough some require a stronger fluid, while others are equally 
well preserved in a weaker solution. 

The necessity for a weak preliminary bath i8 illustrated in the case of a large fisll 
of firm texture, which if thrown into strong, marin alcohol mill quickly harden on 
the bxterior, thug excluding the preserving fluid from tlie inner tissues and causing 
thein to soften and decay. On the other hand, if it is subjected to a weak mixture of 
36 to 50 per cent of coo1 alcohol, the fluid will penetrate the whole structure, after 
which the strengtli may be safely increased as desired. 

The condition of alcoholic specimens collected in hot climates depends to a certajtin 
degree upon the temperatiire of the preservat,ive wlien it is applied, a fact which has 
iiot always been given due consideration. The simple reduction of the alcolioIic 
mixture by the addition of water raises its temperaturc from 100 to 200, wliich, adde(1 
to  the constant heat of the surrounding atmosphere, greatly increases the difficuIties 
attending the process of preservation. 

Mr. James E. Benedict, when residen t naturalist of the Albatross, adopted the p1a11 
of coolilig a1COhOliC mixtures actually in use in the tropics by surrounding the ta,Ilks 
with ice, aiid as a further precaution he placed very delicate specimens in the cold 
room -while they were absorbing the preservative, tho Cooling process being attended 
with excellent results. 

TO PRESERVE FISK. 

Wash them in clean mater, and if mor0 than half a pound in weight make an 
incision on the right side, just above the middle of the belly, to admit alcohol freely 
illto the body cavity-the position of the cut leaves tlie left side intact in case a drawiug 
or photograph should be required-then lay them out in dishes or pans of ivealc alcohol. 
After soaking a sufficient time, use the hypodermic syringe freely, if the body cavity 
has not been cut, injecting 96 per cent alcohol; tlieii wipe carefully, wrap them in 
clieese-cloth, and pack thein in jars or tanks coutaining alcohol of sufficient strength to 
maintain it permanently a t  76 per cent. The soft aiid spongy tissues of deep-sea fish are 
rapidly permeated by tho preserving fluid, and if full-strength alcoliol is injected into 
the intestinal canal and body cavity it will rarely bo necessary to make an iucision. 

Specimens designed for exhibition should be hardened slowly and retained in ;t 
llatixral position during the process, which may easily be done by securing thein to a 
woven-mire screen of about half an inch mesh, seizing soft pine bloclrs under tlie 
expande(1 fins. In the preparation of specimens for tliis purpose it is well to remember 
that th(: 1le:irer the temperature of the alcoholic solution approaches to 400 F. (the 
poi~it at which decay of animal tissue is arrested) the weaker the first bath may be 
macle, 25 per cent or eveii less being allowsblc, thus advantageously prolonging the 
hardening prooess, which in any eveut can not be delayed more than a few hours. 
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I n  placing'specimens in jars or bottles while they are flexible, care should be taken 
that tlie receptacles are large enough to permit of their removal after the hardening 
process is complete, otlierwise one or the other mill be injured, and it is needless to say 
an experienced person will invariiibly sacrifice the j i lr.  

It is common practice to use, for tlie first bath, old alcoliol that lias become too 
weak for other purposes. . 

THE PRESERVATION OP CRUSTACEA. 

To preserve crabs, kill thein in a dish of wenk alcohol, placing a few in a t  a time 
lest they tear each others legs off' in their struggles. When they become quiet, place 
them on separate pieces of cheese-cloth, backs down, fold tlie legs as naturally as 
possible, wrap them up, and tie tlie packages witli soft twine. If any of t h e  legs Imve 
become detached, as sometimes happens, place them in their natural position and wrap 
them up with the specimen. 

Wrappings may be dispensed with if desired in the case of small crabs, end i t  is 
always admissible when only a single specimen is placed in a bottle, yet i t  is good 
practice and but little trouble to wrap them in tissue paper, and if they are prepared 
in this manner the receptacle may be filled with specimens and SO per cent alcohol 
turned upon them. 

The varions species of shrimp and all the coarser crustaceans may be treated 
practically the same as tlie crabs; only the larger forms reqnire injecting. 

Inject large crabs with 95 per cent alcohol. 

THE PRESERVATION O F  MOLLTJSCA. 

All inolluslrs may be preserved in alcoliol, although it  is nnnecessary in the case 
of shells that are to be cleaned and dried. Tlic animals may be killed with weak 
alcoliol or hot water, and the soft, pnrts removed vitli lioolrs or forceps. 

Ascidians, octopotls, and all of tlie naked sofL-bodied mollusks are preserved in 
alcohol, first receiving a weak bath, the larger forms only requiring to be injected. 
Specimens of this class slioiil~l be separately wrapped in clieese-cloth and protected 
from contact with tlie metal of the tank or each other by a liberal distribution of 
excelsior, tissue paper, or other' suitable material. Tlic tanlis slionld not be more 
than half filled until tlie alcoholic solution perrneatiiig the mass has reached a strength 
of 75 per cent; they may tlien be filled, providing the specimens will not be injured by 
tlieir ow11 weight. 

THE PRESERVATION OF ROHINODERMS. 

Starfish and sea-urchins may be preserved in alcohol or dried; in either case a 
weak alcoliol bath is desirable, as it expels a disproportionate amount of water, 
improves tho condition of the specimens, and shortens the process of drying should 
they be preserved in that manner. 

The tanlrs may be entirely filled with the orrlinary hard-shelled sea-urchins, 
using 95 per cent al~oliol, but tlie soft-shelled species require a cheese-cloth wrapping 
and excelsior protection in the tanlrs. Rard ani1 firm starfish, like most of tlie cjeep- 
sea species, may be rmoved from tlie first bath, piled one upon tlie otlicr to make 
convenient packages, wrapped in cheese-cloth, and placed in tanks with 75 per cent 
dcol~ol , where th cy will keep intlefi ni t cly . 

The shoal-water species are usually soft, t>liickly covered with slinie, and much 
distorted when they reach the laboratory. In this case place them in water while yet 
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alive, and as soon as tliey have filled out transfer them quickly to weak alcohol and 
adjust tlieir arms duriiig the process of 1i:trdeuing. If they are to be dried, place them 
in a solution of arsenete of soda for a few minutes after tliey are removed from tlie 
first bath to proiect them from the attacks of iiisecte. If they are to be preserved in 
alcohol, rehove the slime with a brush, inalre tliein 1113 in paelages wrapped with 
cheese-cloth, arid treat them as deep-sea starfisli. They are sometimes dipped in hot 
water in preparation for drying, but the alcohol bath is to be preferred. 

Holothurians should be kept in a weak b:itli 'three or four hours, then injected, 
wrapped in cheese cloth, placed in tanlzs coiitainiiig (30 per cent alcoliol, and protected 
from pressure by excelsior. 

Crinoids, actinians, sinall corals, etc., may be treated in the inanner above 
described for starfish and holothurians. Large corals, too bulky to be preserved in 
alcohol, are cured with great dificulty 011 board ship, yet t h y  may be safely aud 
couveiiiently transported by first hanging t,liem up until the mater is drained from 
them, the process hciiig accelerntect by spraying the specimen with old alcohol, then 
ptwlred in corninon salt, using a barrel or box as most convenient, taking care to pack 
the salt snugly around tlie braiiches to give them proper support. 

The cord should be surrounded with a sufficient quantity of the preservative to 
absorb a11 of its moisture without forming brine. If salt is iiot available, clean, dry 
sand may be substituted, providing it is excluded from the delicate septa by wrappiug 
the specimen in clieese-cloth or other suitable material. Large spoliges may be 
prepared sild transported in the same iiianner. 

O tlier i nvertebrates are usually preserved in alcoholic mixtures, altllongh some 
may be dried. Jelly-fish sliould be hnstlened in a saturated solution of picric acitI, 
subjected to a preliminary bath iu weak alcohol, wrapped separately in cheese-cloth, 
placed in alcohol of 90 per cent, and surrounded with excelsior to protect them from 
pressure. Ariotlier sioiple and effective method of' protecting dclicate, soft-bodied 
forms from undue pressure in tanks is to place them i i i  tliin wooden packing-boxes, 
ill which holes are cut to allom free circulation of alc~hol. 

THE CIOLLECTION AND PBESERVATION O F  MINUTE FORMS. 

Our remarks have thus far been confined to forms of sufficieii t size to be readily 
Reen and picket1 out siiigly from the mass in the table sieve, yet there are iu every 
successful haul of dredge or trawl a multitude of ininute invertebrates c1ern:tuding 
the c:ireful attention OS the collector. 

The process of washing the mud from tlie specimens tlirougli the meshes of the 
table sieve into the tab strainer (plate TXXIV) has already been described. %lien it 
1las been relieved of its contents the sti*ainer bags will contain inore or less mud, 
forauiinif'era., shells, and other light in:kttcr, while the heavier m:tterial has settled to 
t h e  bottom of the tub, tlie final disposal of which depends upoii tho tiine the collector 
is able to devote to it. 

A very satisfactory examination inay be made by first turning the coutcnts of tlie 
strainer bags, four or five quarts a t  :J time, into a small tub partially filled with water, 
stirring tlie coritents with :I rapid, whirling motion until the soft, light forms float to 
the surface, when it is strained into another tub througli R 20-1nesli sieve, tlie contents 
of the latter being placed in a psu of' water, repatting the operation until all the mud 
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in the tub strainer has been washed. The water and sediment thus collected.in the 
small tubs and pans are then agitated and strained as before until the residue, com- 
posed of minute mimal  forms, free froin mud, is placed op a 40-mesh sieve, and the 
latter set an inch or more above the mesh into a dish of weak alcoli~l, partially 
floating the specimens, where i t  is allowed to remain half an hour, then transferred to 
a stronger ~olution for an hour, when the mass may be placed in bottles or jars with 
80 per cent alcohol. The receptacles should be kept a t  hand for a day or two and 
occasionally turned over to loosen the mass and insure its being properly cured, after 
which i t  may be packed away with safety. 

Jars or bottles should not be more than one-third filled wit11 material of thig 
character, mhieh may be said to include shrimp, all kinds of minute crustacea, wornis, 
and, in fact, all forms, surfme and deep-sea, that are liable to inat down in the jar. 
Striking ohjects or very delicate forms should be put separately into vials. 

Foraminifera, may be preserved by drying or in alcohol; in the l&ter case place 
it in jars with 95 per cent alcohol, turning it over occasionally for a clay or two. The 
jar should not be more than half full of material. If to be dried, place in weak 
alcohol for a few hours, st,irriug the mass frequently, t l m  spread it in pans or trays 
to dry. 

Surface and intermediate collecting, including apparatus and methods, have been 
described on Page 3G9 to the point where the specimens arc removed from the nets to 
buckets or pans of water. The latter is then strained tlirougli ;L sieve of 40 mesh, 
which, with t.he specimens rctained on it, is placed in  a dish containing a saturated 
solntion of picric acid for half an hour, when the larger and more striking specimens 
inay be pioked out and the rem:iind& placed in bottles or jars containing SO per cent 
alcohol. 

FORMALIN. 

This liquid bas recently been introduced as a preservative, and although it has 
not been in use long enough to thoroughly establish its value and limitations, it has 
already proved itself a useful adjunct a i d  bids fair to rival alcohol for many purposes. 
I t  is cheaper than alcohol, is not inflammable or explosive, and is put up in 1-pouiid 
(about 1 pint) bottles of convenient form for transportation, a couplq of bottles capable 
of making from 2 to 10 galloils of preservative being easily carried in a hand bag. 
Its great value for fieldwork is already aclmowledged, and it is generally conceded 
by collectors that it is unexcelled as a medium for preserving soft-bodied forms. 

Mr. James E. Benetlict, of the Smitlisonian Institution, has specimens of fish in a 
good state of preservation, both in texture and color, that were cured more than a 
year ago in a solution of 1 part of formalin to 40 parts of water. 

Prof. B. W. Evermann, of the United States Fish Commission, has fish and other 
forms that have been preserved a year and a half in 3 parts of formalin to 40 parts of 
water, all i n  excellent condition. 

Should there be a doubt as to the continued safety of formalin specimens cured 
i n  the field, alcohol inay be added to the solution after they reach the laboratory, or 
they may be transferred to alcohol, the two preservatives seemingly working together 
to their mutual advantage. Formalin does not freeze, although the solution used as a 
preservative will; freezing may, however, be avoided by adding a sufficient quantity 
of alcohol. 
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LABELS. 

The- importance of properly labeling specimens has already been referred to and 
must be apparent to all collectors. The ship’s name, date, and serial number of the 
station is usually considered sufiicien t, further information being recorded under the 
correspoiiding u m b e r  in the naturalist’s journal. 

If labels with properly printed headings are not a t  hand it it3 better to write them 
with a soft lead pencil on unglazed paper rather than use ordinary ink, which is liable 
to fade in alcohol. A small metal label, on which the serial number is stamped, is 
used on board the Albatross for labeling deep-sea fish and other forms. There is a 
hole iu one end through which the seizing is passed with which to attach it to the 
specimen. The serial number is usually sufficient identification, yet the addition of an 
initial letter, or other arbitrary symbol for each vessel, mould enable one to place the 
specimen on sight without the necessity of referring to the records. 

B R I E F  DIRECTIONS AS TO COLLECTING BIRDS.  

Cfuo~s.-The best gun for general collecting is a l2-gauge double-barreled shotgnn, 
with 25 inch barrels. Each gun should be furnished with an auxiliary barrel, .32 
caliber, for collecting small specimens. A .22-caliber breech-loading pistol, witli 
1S-incli barrel, is much used on board the AZBatross. A .32-caliber rifle will be found 
useful iu collecting the larger birds. 

Ammunition.-Only the best powder should be used, black powder for the 12-gauge, 
American wood powder, D grade, for .32 caliber, and E for .22 caliber. Shot for the 
12-gauge gun, Nos. 4 and 3; for the auxiliary barrel and pistol, Nos. 12 and 8. 

30r slcirming birds a pocket knife, or scalpel, a pair of Rharp-pointed scissors, a pair 
of bone-cutters, and spring forceps are all the tools necessary. A needle and thread 
will be required if the skius are to be stuEed. Raw cotton is best for filling the sBi11. 
Arsenic is the best preservative, and lhe skin should be covered wit11 i t  before stuffi~ig 
or packing. 

A game bag or Bsliing creel will be found convenient for carryjng birds wllilc 
collecting. The specimen when shot should be picked up by the feet, to prevent the 
blood from soiling the plumage; remove blood clots froin the bill and shot-holes, 
sprinkle moist feathers with corn-meal, sand, or other absorbent, push a plug of cotton 
well dowu its throat, and place it, head down, in a cornucopia of thick brown paper, 
which may then be placed in the creel. These precautions are taken for the purpose 
of securing the specimen with its plumage in the best possible condition, free from 
blood or other liquids. To Bill a wounded bird squeeze it under the wings with 
thumb and finger until it die8 from sufl’ocation. If the bird is of large size, hold it 
firmly by the feet, or between the kDees, and plunge a knife into its breast, reaching 
the heart if possible, tlien hold i t  by tmhe feet until the blood has draimd from its 
niouth, when it may be prepared for transportation practically as above described 
for sniall birds. Specimens shouId be slrinried as soon as possible, though in cold 
weather or when ice is plentiful i t  timy be delayed a reasonable time. 

Birds were skinned on board the Albatross on the operating table in the tipper 
laboratory; in the ceiiter of the table was placed a box of arsenic and a small brush, 
a box of corn-meal, or other*absorbent, and a basin of water. At  the side of e x h  
operator were skinning tools, a roll of cotton, a towel, sponge, needle and thread, 
labels, pencil, and a ball of twine. 
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Pew ineasureinents were takeii as a rule, except in tlie case of' a new sliccies or 
some peculiarity i t i  form. Tlie coloring of bills, legs, feet, etc., was noted. The 
girth of the specimen was tal~en by wrappiug :I$ stril) of 1)aper arountl the body over 
the wings, and piirriiiig i t  like a band, then slipping i t  ofl' toward the tail and using 
it as a giiide in Rtuffiiig tlie skin in order to retain the origiiid size of the bird. 

The process of skinuiitg was niucli the santo as that in geiieral use ainong col- 
lectors, and may b u  briefly ilewribed as follows : Make an iricisioii through t lie sltiii 
from the breast-bone to tlie aiius, taking care iiot to soil tlie feathers or muti1;ite thc 
sexual orgaus. Separate the skin ou one side to the Iruee, expose the thigh, tlirust the 
Irnec 1111 on the abdomen, and loosen tlie skin around i t  until you caii, with scissors 
or knife, separate the joint and niuscles. Itepeat the operation on the other side; 
loosen the skin about tho base of the tail, and cut through the vertebr;c: a t  tlie last 
.joint, taking care iiot to  sever the bases of the qnills; invert the slriu ;mil loosen it 
from the body. LOOSCU tlic skin from tlic first bone of the wings, and cut tlirougli 
the middle of it, or separate i t  from the body through the joiitt and draw tlie slriii 
over tlie neck until the skull is cxposed. 

IJetaclt the delimte membrane of' the e:ir from its cavity in the r~lrnll wjtl~oiit cut- 
ting or tearing it; then, by means of the tl~iiiilbnails. looseii the skill froin o t h w  parts 
of the Iiend up to tlie eyes, taking care itot to laceribte the balls. Scoop out the eyes, 
nnd, by nmlciiig one cnt oii each side of tho licnd, tlirougli the sinall boiie coiiiiecting 
tho bnsc of the lower jaw with the slrull, anotlicr across tlic roof of the mouth beliilicl 
tlic base of the tipper insiltliblo aud l)et\vceil the jaws of the lower, and a fourth 
through tlie slrull beliintl the orbits and parullel to tlie roof of the ~nontli, you will 
I~nvo freed the sl;ull froin a11 :~ccompanying braiii and muscle. Shoultl anything still 
reiiiaiit iwnove it separately. In making tlie first two cuts do riot sever the sinall 
bono esteiiiliiig froin tlic base of the rrp1)er iti:andiblc to the base of tlie lower,j:i\sbone. 
Invert tlic skin of the head to tlie base of tlie bill, and olean OK a11 the illusole :uid fat 
froin tlte heat1 :mtl skiii of tlie neck. Corx-umd s110111d be used freely bctwevit tlic 
skin and carcass duriitg the 1)roccss of skinning. Skin the wings clown to tlie wrist 
.joiirts, cletacliiug the roots of the larger featliers with tlie tliiiwb or finger ~iails, 
removing the muscles from the bones but leaving the liitter; or, i~lalio :in iiicisioii on 
tlie under side along the bone, removing tllie flesh through the opening thus iimde. 
The latter method is l>re€erable with liirgc birds. 

Skiii the legs do\vu to the lower joint of tlic thigli, remove the flesh froin the bone, 
I'einovc tlic  nus sole and fat, including the oil gland, froin the base of the tail, bixt do 
riot cut the roots of tho featlters. To prevent stretcliiirf during the process of skiniling, 
It:rt~dlc tlic slriri as close as possible to the point of adllesion, a stretched skiit beiiig 
tiitsatisfactory in every respect; I w q >  the feathers separate from the ileslty parts to 
prevent soiliiig the plumags and apply :i suitable absorbent whenever a bloody or 
fatty surface is exposed. 

Woodpeckers, clucks, etc., have tlie heist1 60 much lai.ger tlinii the neck that i t  is 
impossible to slriri over i t ;  in sua11 oases cut tlic neck off before tho slrull is reached, 
turn tlie skin riglit side out, make an incision froin tlic top of the head down to  tlie 
base of' tlJe sltull, arid skin tlie l i ed  tlirougli the opening; stituli the iricisiori togetliei 
either before or nfter the specimen l i n s  been stuf't'ect. Soltie birds IIRVO very tender 
skins that adhere to tlie rump or lower part of tlie back so closely that  it is diflionlt 
to separate them; in such cases a little delay i n  skinni~tg mill fbcilitate the operation. 
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Birds having a mliite plumage very compact on the lower l)art,s inay be skinued 
through an iiicision aloiig tlie side just under tlie wing, or on the back. 

To poison thc skin turn it wrongside out, lay i t  in the box coutaiiiing tlie poisoil, 
and apply arsenic freely with brush, or other conveiiient iiic tliocl, takiiig care that i t  
reacl~es every part of the head, particularly tlie b:wc of tlie bill, about tlie wing, and 
leg bones and the base of the tail. After the poisoning is coinplcted shake the skin 
over the box to detach loose pomder. 

The essentid points in cleaning a bird skin are to never let the blood dry on 
the feathers ; nl\vays use the absorbent immediately after washing, freeing it froin tlie 
feathers before i t  dries. 

To stt@ a bird slcita, fill the holes from which tho eyeballs were romoved with well 
rounded :and elastic wads of cotton iminediately after the skin is poisoned a n d  while 
i t  is reversed ; tlien form a roll of cotton around a knitting needle or otlier sleiider 
steel wire and insert i t  into tlie neck until the end car1 be grasped througli tlie bill; 
withdraw tho wire and push the end of the roll back from t h e  iiiouth, so that mhcii it 
is closed the cotton will not be exposed. If preferred, the eud of the roll may bo 
pushed itito the skull cavity instead of the throat and the latter filled through the 
mouth; the latter method is preferable when the iiatural pose of the head is a t  a 
considerable angle with the neck. Nest make up a soft oval wad or roll of cotton 
the size of the natural body, insert ono end benoath the neck roll, which is r:tised aud 
held up for the purpose, then work the \vad into place by carefully pulling the skin 
over, taking a stitch or two to close the incision. The leg bones of large and medium- 
sized birds should be wrapped with cotton in order to fill out the thighs to their 
proper shape. 

Birds with long necks-or tencler skiiis should have the stufling wrapped arqund 
wires or sticks to strengthen them; if sticks are used the blunt anterior ends may be 
forced into the cavity of the skull; if mire is used it sliould be sharpened a t  bot11 
ends, one being forced through the anterior part of the head, tlie otlier through the 
root of' tho tail. 

To shape or malee zcji a specimen, lay it on its back 011 a thiu sheet of r : a ~  cottoll 
sufficiently lwge to inclose tie skin when wrapped arouud it; fluff up  the feathers 
nndcr the wiiigs, place tho thlunb and finger boneat11 the111 m t l  gently lmss the sides 
together, as o m  woulcl squoezo ;I wouiided bird to kill it. When tlie body has thus 
beon brought to its natural shape, bring tlie wings up against the sides in their nor1lla1 
position, aIIo\vii)g tIiu side feathers to lay over them, and adjust the wing tips beneat11 
the tail; lay the feet in a natural position, adjust the tail feathers and plumage 
w1ierever required, thoti roll carefully in tho cotton in such a manuor as to assist 
111 rer;aining tlie uontoiw previously given to the specimen. See that the bill is 
pro1)erly dosed, either by a turn of a seizing, a stitch through the nostrils and 
around tlie lower m;sndiblc, or by twisting the cotton envelope around it. It is good 
practice to  close the bill as soon as  the neck has been stuffed. 

The sex of a specimen should bo determined by dissection, and when the generative 
organs have been destroyed by shot, or otherwise, omit the sex mark aiid substitute 
a query. If the organs are uninjured the sex- may be readily ascertained, after the 
specimen is skinned, by making an iacision in the side near the vertobrm and esposiiig 
the inllpr surface of the small of tlie back, where they will be found attached nearly 
on a line with t l ~ e  last ribs. The testicles of the inale will be recognized as two 
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spheroidal or ellipsoidal whitish bodies, varying with the season and species from the 
size of a pin head to that of a hazelnut. The ovaries of the female, consisting of a 
flattened mass of spheres, variable in size with the season, will be found in the same 
region. A magnifying glass is useful in determining the sex of very small birds, 
particularly the young, in which the organs are but partially developed. 

‘ To prepaye rough skeletons of birds, remove the skin and clean the bones, taking 
care to avoid injuring the delicate parts. The tools required are simply a knife and a 
pair of scissors. 

The following points require special attention : Birds’ wings terminate in very 
small, pointed bones, corresponding to the thumb of mammals, hidden in a tuft of 
feathers on the bend of the wing, which it is well to leave undisturbed, as well as the 
two or three outermost wing feathers, so as to avoid the risk of removing any of these 
small bones with tbe skin. Other parts requiring attention are the slender points on 
the under side of the neck vertebm, those projecting backward from the ribs, and the 
last bone of the tail; if the tendons of the legs, wings, under side of the neck, and along 
the sides of the back, become ossified, as they sometimes do, i t  is not advisable to 
tear them off. In some birds the neck and back can be left untouched, as tbe muscles 
will dry up and a thin coat of arsenical soap will serve to keep out the insects which 
would otherwise attack these places. The hyoid bones, which support the tongue 
and are attached to the windpipe, should be saved, as also the windpipe itself whenever, 
as in many ducks, it  has bony structures developed in part of its length. 

In many birds, especially birds of prey, there is a ring of bones surrounding the 
pupil of the eye, hence it is safer not to remove the eyeball, but to simply puncture it 
to allow the escape of the fluid contents. The brain should be carefully removed. 

Cormorants have a small bone attached to the back of the skull, and in auks and 
many similar birds there is a small bone at  the elbow. Sometimes there is a little 
bone at the hinder angle of the lower jaw, so that it is a good rule not to trim a bird’s 
skull too closely. A favorite method of collecting small birds for skeletonizing is to 
makeanincisionin the lower part of the abdomen and place them in 30 per cent 
alcohol. 

NOTES O N  SKINNING A N D  PRESERVING SKINS O F  MAMMALS. 

To skin RmaU mammals a modian line incision from the lower neck to the tail, 
through which the body is removed, is sufficient, while for large ones branch incisions 
along the inner surfaces of the legs to the feet are usually necessary. Leg bones are 
detached close to the body, arid the skull separated from the neck, the tail bones are 
removed, the leg bones thoroughly cleaned of flesh, and the eyes and brain removed 
from the skull. 

The brain is best removed through the largo foramen, with a wire hook. In 
skinning the head care is taken not to injure the lips,and eyelids, and the skull, after 
being cleaned, is kept separatefrom the skin. The skins of mammals of all sizos are 
thoroughly cleaned of flesh, and in small specimens the raw sides are dusted with 
arsenic, lightly filled with cotton, carefully shaped, and laid away to dry. 

The skins of large mammals are disposed of on shipboard to the best advantage 
by salting thoroughly on the flesh side and rolling into a tight bundle and stowing in 
a barrel, with plenty of damp salt to cover it. If many such skins are to be cared 
for, they are placed as soon as cleaned in a barrel of very strong brine, which sets the 
hair on both sides, and keeps them pliable for the taxidermist who finally receives them. 
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The division of small mammals includes everything up to the size of' the fox. Deer 
and bear skins are salted and air-dried. Thick-skinned animals, snch as seals, are 
kept in damp salt or brine. All skins require prompt treatment in the tropics and 
should be examined occasionally iu all climates. 

PREPARATION O F  ROUGH SKELETONS,  

In the preparation of rough skeletons of mammals it is important to know the 
correct name of every animal and whenever it is uukiiown its skin should be taken 
off and kept as a means of ident,ification. If an animal is shot, some of its bones are 
liable to be broken and such may be allowed to pass, but when it has been beaten to 
death, fracturing skull and l imb bones generally, the animal had better be thrown 
away a t  once. If the skull alone is broken, select if possible another of the same size 
and send both with the body, and when conveiiient send with a broken leg another of 
the same size, but oh no account throw away the fractured limb. 

If an animal is rare, the skin should be carefully taken OB and preserved; other- 
wise remove it roughly and disembowel the specimen, taking care not to cut into the 
breast-bone, especially the disk-shaped piece of cartilage in which it ends. Animals 
destined for skeletons should on no account be split up the breast as though they mere 
being dressed for market. 

Detach the legs from the body and remove the flesh, taking care in  so doing not 
to remove the collar bone or kneepan wit'h the meat. In  the cat family tho collar-botie 
is very small, and lies looso in the flesh, between the shoulder blado and front end of 
the breast-bone. The collar-bone of weasels is very minute and difficult to find, but 
climbing and burrowing animals usually have this bone well developed, uniting the 
shoulder-blade with the breast-bone. Deer, antelope, and seals have no collar-bone. 

In small quadrupeds it will usually be unnecessary to detach the legs, but if con. 
venience in roughing out or packing renders this desirable, cut the collar-bone loose 
from the breast-bone and leave i t  fastened to the shoulder-blade. 

The legs being finished, disjoint and clean the skull. Be careful in removing the 
eyes not to thrust the point of the knife through the thin portion of the skull back of 
them, and in deer, antelope, or other ruminants take care not to break through the thin 
bone back of the upper teeth; also be careful not to cut o b  any projections of bone. 

I n  cleaning the ribs, avoid cutting tlie cartilages joining them to the breast-bone, 
and, when the tail is reached, look out for a few little bones projecting downwards 
from the first few vertebrz. Fold the legs snugly along the body, or, if they have 
been detaclied, tie them together with the skull on the under side, as much as possible 
within the chest cavity; also turn dowu the tail and tie it upon itself. If there are 
any loose bones or splinters from a broken bone tic them up in a rag and fasten them 
to one of the long bones. Hang the skeleton up to dry, avoiding tho hot sun or tho 
heat of 8 fire if possible. 

I n  the ctse of sniall skeletons that are likely'to be some time in transit, it is 
desirable to give a thin coat of arsenical soap or other insect poisoii to preserve them 
from attack. The breast-bones of large animals should also be poisoned. 

Eml.)riwiiig the upper part of the windpipo and connecting i t  with the base of the 
skull is a series of bones known as tho hyoid apparatus, which sl~ould bo carefully 
saved. There are usually suiall bones, termed sesamoids, iuibediled i n  the tendons, 
where they play over tho under sides of the toos, and on this account the tendons 
Mhould never be cut off closo to the bone. 
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There are often one or two small bones oti the back lower portion of the thigh- 
bone; these should be left in  place. In preparing the skeletons of rabbits, particular 
attention should be given to the shoulder-blade, as this has a slender projection at  the 
lower end, which extends some distance backward. 

The male organ of many quadrupeds, as the raccoou, is provided with a bone. As 
i t  is difficult to  say when this may or uiay not be present, it should always be looked 
for, and when fomd left attached to  the hip bones. 

The slcelctoits of porpoises, blaelcfLsh, etc., are very easily prepared, but one or two 
points, such as the slender cheek-bones and the pelvic-bones, or rudimentary Iiintl 
limbs, require special care. The pelvic-bones are so small and so deeply imbedded in 
the flesh that they are too often thrown away. It frequently happens that the last rib 
lies loose in the flesh, with its upper end several inches from the back-bone. This 
should always be looked for. There are no bones in the sides of the tail or flukes nor 
iu  the back 611, and they cau be out off close to the body and thrown away. The 
hyoid is largely developed in most cetaceans, and will be found firmly attached to the 
base of the skull. 

The tools required for making rough skeletons are a kiiife, scissors, and a few 
steel scrapers. 

To rough out a turtle i t  is usually necessary to remove the under shell, although 
some species may be roughed out without detaching it. In sea turtles and a few 
others tlie plastron can be cut loose by taking a little time to the operation, but in the 
more solidly built tortoises and most fresh-water turtles it is necessary to saw through 
the bone. The interior of the body being exposed, it is a comparatively easy matter 
to cut away the flesh. Usually this can be doue without disjointing any of the legs, 
and it is better, especially in small specimens, to have them attached t o  the body. 
Do not cut into any bones, as they are frequently soft and easily damaged. 

Snakes require very little care in their preparation after the skin has been 
removed, but in the larger serpents rudimentary hiud legs are present and sl~oixld be 
carefully preserved. Externally the legs appear as two little clows situated 011 either 
side of the vent; internally they are slender bones, about an inch and a half in length, 
loosely attached to the ribs. 
. Do not try to skin through the mouth, but make a long cut on the under side and 
skin either way from it. ' 

Fishes vary so niuch i n  structure that definite instructions for preparing their 
skeletons oau not be given, yet a few general remarks may be of service. Most 
species have two rows of ribs. Use thc knife slowly and carefully, as tho edge will 
often give iiotice of an unsuspected bone, especially about the head, where there is a 
chain of bones encircling the eye, and the eyeball itself is often a bony cup. 

Occasionally there are two or three bones attached to the back part of the head, 
and a, patch of flesh on the cheek is about all that can safely be removed. When the 
skeleton is bung up to dry, place bits of wood between the gills to allow frce circulation 
of air. 

Orciinariiy it is better for the collector to proserve fishes in alcohol and not attempt 
to prepare skeletons. The same may be said regarding most small mammals, reptiles, 
and birds. 

The naturalists of the Albatross found use€ul auxiliaries €or the preparation of 
certain classes of smaII skeletons in the amphipod crustaceans commonly called 

. 

' 
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u sea fleas,” found in the shoal waters of nearly every sea and particulnrly abundant 
in Alaska. The specimen was first prepared by removing the skin eud loose flesh, 
theu tied in a small net and lowered over the ship’s side, where i t  was allowed to 
hang just clear of the bottom. It would be discovered iiiimecliately slid myriads of 
active little hell)ers would go to work, :I few hours’ time beiiig all they required to 
clean the boiies of every particle of flesh. They would eat bones and all if sufficient 
tiine was allowed tliem, bot they like the soft parts best, and a little wat&fuliiess on 
the part of  the collector will insure a successful roughing out without injury to  the 
skeleton. 

In  packing be sure that the skeleton is dry, particularly if it is ;\I small one. In 
the case of a large1 olio i t  does not iiietter so much. 

If i t  is the size of a deer, it shoultl be disjointed, severiiig the back-bone just 
behind the ribs, in order to iniike a couipact buutlle. 111 Ii~rger specimens tlie back- 
boue rnay be ccrt into 8overa1 8ectioii8, a t i d  the leg-boiies sep:mited a t  eiicli joint. In 
the event of still siiidler pac1r:tges being required, the breast-boiie iuay be seprated 
froui the ribs by cutting throiigh the ctirtilage just below tlie eiicl of e:wh rib, when 
the latter may be detached from tlic bi~k-bo~te ,  aiid thus clis~ntiritlccl ;I good-sized 
skeleton can be packed in a srnsll box or barrel. 

lCelp, gulf weed, aiid all 
salt marsh or sea gi’esses should be avoided. 111 case of 1;u.ge skeletons salt may be 
sprinkled on the bones wlien it is impracticable to dry thein, and the skeletous of 
seals, porpoises, etc., may be packed i i i  salt. 

The tag or label should be no larger tlmi required; it sliould be sufficiently 
strong to withstand frequent lraiiciliiig, aiid :I iiietal eyelet a t  one end will add much to 
its security. It should be legibly marked with the following data: The iiumber, 
definite locality, date, year, inoiitli, :bud &by; sex, using the ordittary signs 8 for 
male and 0 for female, and naiue of the collector. Other iiiforiiiation is better given 
in the field book The label should be tied with ;t square Irnot, to oite leg, and the 
ends cut to iiot inore thau an iucli i i i  length; cotton sail-twine makes a safe and con- 
venieit t seiziiig. Skins require dryirig before they are packed for shipiueit t or plnced 
in a storeroom, uiiless the latter is susciently warm ;uid dry; i t  is not good practice 
to dry by artificial heat. Sk ins  are liable to be att:wlrecl by iiisects about the brll, 
feet, shafts of wing, and tail feathers, etc., aud any good insect poison may be used 
as B preventive. 

The$eZd notes of a collector sliould be full and explicit, as they determine largely 
the value of the specimen. They should be written in a book, 011 oue side o f  the pagv, 
a n d  should include observations 011 the habits, eto., of tlic various species, the localities 
they frequent, theip food, and generally their lifehistory. He sliodd catalogne his 
specimens, beginning with No. 1, numbering thein serially as takeit, iii orclw to avoid 
duplication, making sure also that the numbers on label and catdogue correspond. 

Straw, hay, or excelsior is the best paclriiig riiitterial. 

I!’. U. U. 18W--87 
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BLANK FORMS OF RECORDS. 

The following blmlr forms of records kept oii bo:ii-d the AZbntross mill be found 
usefix1 not oiily as a bitsis for niakiiig sioiilor fortiis, b i i ~  ;is reoiiiitlers of the v:duoble 
iiiformatioii that (:ail be giveil, in  tabulated foriii, oii board of seago~~ig vessels by 
the expenditare of very little tiirie and Iitbor. I t  will  be observed that soiiie of the 
data :we iq)e:ited on two or iiiore fornis. This inetliocl atlmits of the subdivisioii of 
reports, all uoiiiplete in themselves, aiid inaclc out oii sheets of ordiilnry aii(1 conveiiieut 
size. 

Blank forins froni the TJiiited States IIyclrograpliic OWce, aiitl froni otlier branches 
of the Uiiited States Goveriinieiit, ii1.e W J t  iiioluded, its they are furiiished to vessels 
by the 1 )epartitieiit requiring s~~eoiul inforiiiation. 

A11 h y d r o p i  1)liic 01' other iiifortii:ttioii obtained by the AZOutross that is nsefiil 
for malriiig or uoweutiiig oh:irts, or sailiiig directions, i s  fiirnislied to the Uniteti States 
Hydrographic Oiliu13 atlid Uiiitecl fitatus Coast and Geodetic Survey. 
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