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NOTE BY T H E  S U P E R I N T E N D E N T .  

OFFICE OF THE 
U. S. COAST AND GEODETIC SURVEY, 

WASHINGTON, D. C., March 16,1880. 

This voluine on Deep-Sea Sounding and Dredging Iias resulted from the work 
executed during the past few years, mostly in the Gulf of Mexico. To show the char- 
acter of that work the following extract from my Annual Report of the Progress of the 
Coast and Geodetic Survey for the year ending June  30, 1879, is given. 

U a ff ff a u . a a 

“‘l’lie cleup-sen eoiiiidinge tlwougliont tlio ( h l f  of Mexico, 1wtH of tlir Cnriblienii Men, niid clinnnels 
uroiind Ciibn, with serin1 tenipen~tnre obeervntions fiom NIII~IICV t o  bottoiii und obeur\~iitione of curreiits, niw 
beginning to yield vnlnnblc I’IWliltR townide n 1no1w detiiiit<~ vitnc-eption of the flow, n i w ,  and direction of the 
Gulf Stircnm. 

“ Tliu ~)rolilem of tlie Gulf Strenni lina L t r ~  oiie of the principii1 ntndiea of thin Survey, bnt for aereixl 
ywuv Idore the wnr, during the win; nnd for aurenil yeitin new, tliu wiuit of iiienii8 and aoitable vessels SUE- 
p~iicled ita inveetigation. M e r  the h t a i  previouely secured, tliosr to be t~btiii~~etl were : 

I. Depths tiiiwiyliout tho Gulf of Mexico and the Gulf of lloridn. 
11. Temperntiires Awm snrfiice to bottom over the mme nren. 
111. Cliurncter of bottom throughout tliu enme nren. 
IV. Speciinene of water for nnnlysis, fiwn siufnoe to bottom, throughout the same arm. 

VI. Aiiimnl life from siirfnce to bottoni, erpc?ciully at  the Intter. 
“After nll the dutu liiive been obtiiiiied in  reference to the wuteiw forniiiig the Gulf Streurn, iucludiiig t h e e  

of the Gulf of Mexico und the Atlnntic euet of the Cnribbeoii ieliinda, the Stmini is to be followed to it# eon- 
clnslons. Ite oscillutione of positioii, dift’rreiiced of rulocity, inontlily nnd nnnunl, iind inoroarre of volunie north 
of C a p  Ciinnveinl, if my, uirc duo to bn detenniiictcl. 

( 1  ~ ( t i i g i ~ ~  Iinving p1Wly ~ I O Y ~ ( I U C \  ~iiwiiis ,  t1iu ivorli of obtiiiniiig (Intit iui(~ei-  tlie first five ~ienc~s \viis 

begun in 1672 in the Gulf of Mexico, by Couiniiin(ltw J. A. Howell, U. S. N., Awietnnt Coiwt Survey, coitimniiding 
sucdeesively tlie atetimein ‘ BW~IM’ i~nd ‘ Blake.’ Howell sncoesefiilly riin sevuii Iiundretl and for&y inilee of 
soittiding lines from s1roi.e out to cleptlis of 1,200 futliome, liy tliu old niuthode, obtaiiiing tlie collubinl dirttr. 

“Sir Willinn Thoinsode wire sonndiuy iippniatus having been euocueafnllj nsd, in the Piiaitic iu deptl~r 
to 4,655 fntlioiiica, by Comninider Geoige E. Belkiiiip, 11. S. N., coniniiii!tliny steniner ‘TII~CUIY)I%,’ with iiiiprove- 
nieiita devised by tlint offlcer, one set wna ObtdliL41 fur IIMM in iweinollrs to be xnttde by offlcwn nttnclid to the 
Conet Siir~ey, At tliie tiiiiu Coniniundur Howell wiw tninpfvriwl to otlier duty. He wns niiorwded in the coni- 
Innnd of the ‘Blnke’ by Lieiitennnt-Coiiii~iniiaul‘ C. I). Sigsbw, U. S. N,, Assiattint Conwt SIWYH~, nntl liy tlint 
omcur the deep-sen nunndinga (genui~iIIy beyuiicl une IiuiicliwI firtliuiiia UINI tu the cleptlia of 2,llS futl~ortia)’ uf the 
whole of tlie Gulf of Mexico weiw completed. HM obtnintd ut the E U I U ~  timu full dnta under the first five hend- 

V. Surface und under CurivntR. 
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4 NOTE BY THE SUPERIXTENDENT. 

iugs named. When signbee IYIW the Tliomson wire soinding nppnrntiir, he ut  once snggonted im]iortnnt improve- 
ments, and tlerised ndditionnl nppnmtns to relieve the strain on tlie wire tluring violent and rnpid niovenienta of 
tlie aninll reanel. He also innde other improvementn so gently fucilitnting tlie work thnt in 8,000 fntlioins’ depth 
the ‘Blake’ (of three hundred nnd fifty tone N. M.) wne enabled, in.nenrly all wcatliem, to sound and obtiiin 
xerial temperatures continuonsly ilny nnd night, with n probnlile error in sounding not exceeding one-quartor of 
oiic per cent. of the depth, even diirinR nioderntely R ~ V C I V  g n h .  

“Tlie number of nautical niilen of eouncliny-lines VUII  l y  Sigdiw i n  tlie Gulf, with rwinl tc~niperntnres, 
\VIM 12,768.” Tliis great woi*k was, by the energy nnd nnin ted t t ing  lnbor of Lieutenant Commnndei. Sigsbee, 
earnestly supported by the ofacera and crew of the ‘Blnke,’ completed early in the summer of 1878. TIIH 
remaining part of the work; viz,, collection of spwiinens of niiimnl life from snrfnce to bottom, wna yet to be 
done. 

“As nnval officei-s are profeasionnlly neither neturalista nor geologists, I sought the services of Prof. 
Alexander Agaeeiz, who consented to take charge of this special part of the work, reqniring only the outlay 
needful for his daily expenses. From hiR great experience with wire rope in mining operations, Professor 
Agmsilr p r ~ ~ p u m l  ita use fur dredging purpo~es. Lieutellant-Coiuiniuider Siphee, nRer cuiiference with l’wfewwor 
.4gassiz ant1 niyself, nnd to meet the rqnireniriita of the work i n  evwy wny, tliorougliiy fitted tlw ‘IJlnke’ f i ~  
dredging nnd otlier purposes. 

“ Professor Agnesiz joined tlic ‘ Blake’ nt Hnvnna in Dweniber, 1377, when Lieutenniit-Coiiiruniider 
Sigsbee at once began a series of dredghgs in the Gulf of Mexico, over groinid indicated by Professor Ageask, 
who viewed 0% they cnme from the w,nter, took chnige (if and preserved the ‘findn’ of ewh linul of the dredge 
and kngles. The iiets, dredges, &c., l i d  b ~ n  innde from tlie beet niwlels formerly u ~ e d  in rusenmhes abroad, 
but eonie, IlUt proring entirely succeeclfd, were, nt the first failure of ench, innde completely successful by sug- 
geetions from Lieutenniit-Commniid(Ir Sigsbrr, I’rofessor Agassix, I,ieiitennnt Ackley, Muster Jucol)y, nnd otlier 
offlcers of the vetwel. 

A few successful 1inulN of tlie 
dredge weye made after liis ilepnrture. Lieuteiinnt-Coiniiiniider Sigalieo in tlie ‘ Blake ’ contiiined, with Ilia 
naunl energy, until June, dditionnl ~vork of soundings, twin1 temperntnres, hc., under my special instructions. 

“The experience of t l~nt sennon niiggested to Lieutenant-Cominnnder Sigsbee ninny improvements of the 
inncbinery and facilities for dredging, nnd also an improved dredging nccuinulator of his own design for reliev- 
ing the etrain on tlie dredge rope. Under Itis sp~&d directions nrld in accordnnce with hie plnns the ‘Blake’ 
\vns completely refitted midi new reeling-engine, dredging-engine, euunding Rppnmtus, &c., for nll tlit! vnried 
claeserr of work of deep-sen souiiding, dredging,.&c. 

” The term of service of LieutenntitComiiinIider Sipbee on the Survey Iiaving expired, lie WUH relieved 
in tlie command of tlie ‘ Blake ’ by Commnnder J. R. Bnrtlett, U. S. N., Asaistnnt Coast nud Geodetic Survuy, in 
November, 1878. 

“ The diecovery by the ‘Challeiiger ’ of submuiiiio lakes, whose teniperntures nro conntnnt to the greatest 
deptlie with that of the ocean nt the d e p t h  of their rims, r e n d p d  it more than ever impemtive to deteiinine tlie 
depth of the rims eeparnting tlie watera of tlie Gulf of Mexico from tliose of the Cnlibbenn and ita waters from 
tliose of the Atlnntic, both to the eastward nncl nortliwnid. I w i p e d  the ‘Blake’ for tliis development, niid 
Profewor Agnnaiz n p i n  nccompnnied the vesael to cnre fur Iris own clirse of the work. As lie was obliged to 
return home iii Mamh, 1879 (the ‘Blake’ liaving left Wnaliiirgton Norernkr 28, 1&78), the firut work done ww, 
of COUPBB, the dredging. Cumninnder Bnrtlett uffwted this with many euccwsful hnuls, nt locnlitie~ indicated by 
Pmfmr Agwir., in deptlie of fioin ten to 2,460 fnthouis, nI1-offlcera, nnturaliats, men-working in hnnuoay, 
with tho nwemnry result-coniplek HIICCCMI. Of coniw the diwlgiiig oprntions of tlie Y ~ W I  \vwe coiidiicted Iry 

*This Is excluelvo of 219 milos of Iiiehore soundlng-linen and 1,800 miles of dredging-lines in tho Qnlf of 

“ Profewor Agmniiz WUB obliged tu returii Iionie enrly i l l  Mnidi, 1878. 

-I_-- -- -.._ - __--I ___ _.._ _- - __ - --_____I_ 

Mexico. and 2,006 mllos of sounding-llnee In tho Gulf of Malne. 



NOTE BY THE SUPERINTENDENT. 5 

the offiariu aid crew under the direotion of Commander Bnrtlett. After tlie depnrture of l’roftreaor Agneeiz, 
Conimnnder Bnrtlett, under my instructions, completed all tlie iwquired soundings and serial tempemtures, &o., 

between all tlie islnnda in the Beria from Grenada to Cubn and Jumnicn, mnking no eoundinga in the Gulf of 
Mexico. The ‘Blake’ n r r i r d  nt New Tork on May 28, 1679. 

c c * a a a a a u u 
“ Witliorit specifying tltc p i n t  rwiilta oIJtninc?ci from tlrin coittiniious ~ ~ c n i v h ,  I inny be pardoned in refer- 

ring with some gratification to the fact tlirit in the ~ n i n l l  Rtennier ‘Blnku,’ of only th lw huudwd nnd Afly tons 
burthen, N. M., under the eniqptio and rrkillfiil commnnds of Lirutenant-Coinintinder Siyebue and Commnndur 
Bnrtlett, with n full complement of forty-five including officei-a nnd crew, more mpid work was done than hnd 
been ncconipliihed with the old methods and npplinnces by the ‘ Clinllungur,’ a veasel of over 2,000 tone bul*tlieli, 
with a complement of twenty-nine nnvnl nnd civil officers nnd n correspondingly large orew.” 

c c a u e a a c a 

There being no special publications with detailed instructions on the systems and 
methods adopter1 for deep-sea sounding and dredging, although much attention is now 
paid by all maritime urrtions to the subject, it has been thought advisable to publish the 
niethods used on board the “Blake.” These methods, in even so small a vessel as the 
‘‘ Blake,” have been prosecuted with celerity, ease, and precision, showing that deep-sea 
work has become nearly as ready of accomplishment 8s ordinary littoral soundings. 

CbrZ%Ze P. Patterem, 
Superintendent 27. S. Coast and ffsodeeic Survey. 
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DEEP-SEA SOUNDING AND DREDGING. 

C H A P T E R  I .  

INTRODUCTION’. 

THE AUTHOR’S CONNECTION WITH THE “ B L A K E ” :  CAUSES LEADING TO THE 

In August, 1874, the “Blake,” commanded by Commander John A. 
Howell, U. S. N., Assistant in the Coast and Geodetic Survey, was pro- 
vided with one of Sir William Thoinson’s sounding-machines for wire, 
modeled after the original service pattern (Plate 6), but, unfortunately, 
the nature of the work performed by the “Blake” thereafter, while under 
the command of Comniaiider Howell, gave opportunity for only seven 
soundings with the wire. It is to be regretted that the machine did not 
reach Commander Howell at  an earlier period of his work, as doubtless, 
had. he seen more of it in actual use, many improvements would have 
resulted from his experience and well-known ingenuity. 

In October, 1874, after four months of special work in the office of 
the Coast and Geodetic Survey, at Washington, during which the machine 
shown on Plate 7 was devised, draughted, and put in the hands of the 
mechanics, the Superintendent transferred me to the “Blake” as execu- 
tive officer. The services of Commander Howell being needed in an 
important position at the Naval Academy, he was detached from the ves- 
sel at  New Orleans in December, 1874, several months sooner than had 
been anticipated, and was succeeded in the command by the writer. 

The adoption of wire for sounding purposes opened the way to more 
extended operations than had previously been attempted by the party. 

For four years the vessel continued under my command, engaged in 
deep-sea work. When the lime had arrived for my return to regular naval 
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duty, the Superintendent of the Coast and Geodetic Survey was kind 
enough to express a belief that a description of the methods and appliances 
used on board the “Blake” would be worthy of publication, and under his 
direction this book has been written. -The plan of the book involves a 
double purpose: first, to describe our methods and appliances, chiefly from 
a mechanical standpoint, in order that any deserving features may become 
generally known; and, secondly, to provide, in a measure, a guide for those 
who may hereafter have charge of the deep-sea work of the Coast Survey. 

A question may naturally arise as to the considerations which would 
authorize a notice of the methods and appliances of the “Blake’s’’ party. 
To this it is replied- 

We were one of the first, after. Sir William Thornson, and Capt. George 
E. Belknap, U. S. N., to use piano-forte wire for sounding purposes, and we 
probably continued its use for a longer time than any other organization. 

The “Blake” is the only vessel that has ever been fitted out with 
wire rope (the suggestion of Prof. Alexander ,Agassiz) for deep-sea 
dredging and trawling. 

But little has been published concerning the use of wire for sound- 
ing; and of wire rope for dredging, nothing, in fact, excepting in a gen- 
erd account of the ‘‘ Blake’s” dredging work by Professor Agassiz. 

Nearly all the apparatus for sounding and dredging used on board the 
‘‘ Blake ” is new or modified from previous forms, and is peculiar to that ves- 
sel, the water-cup (Plates 20 and 40) being the first and only instrument 
in the field for the performance of the complex work aimed at  in its design. 

These appliances, which are intended to effect an advance in accu- 
racy or in celerity of operations, and to secure ultimate economy, have 
been well tested in actual service, and are believed to have accomplished, 
at least in some degree,.the object sought. 

Having had unusual facilities, in connection with continuous work, 
our methods were perhaps more systematic in certain directions than are 
generally followed by parties or organizations for the prosecution of deep- 
sea work. 

Our navigation-record was comprehensive, and adapted to future 
revision or verification. 
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THE WORK OF THE “BLAKE.” 

The Coast and Geodetic Survey is entitled by law to the services of‘ 
naval officers and men for its hydrographicparties. For the time being, naval 
officers on Coast Survey duty are as much a part of that organization, and 
as fully under the control of the Superintendent in all matters connected with 
the work, as the corps of civilian assistants. Excepting during the first two 
years of my command, when the surgeon and the engineer were civilians, 
the party on board the “Blake” was composed of naval officers, and of men 
enlisted under naval shipping-articles. In general terms, the work required 
of the party was to fulfill, in the Gulf of Mexico, a scheme of the Superin- 
tendent, having for its object the examination of certain physical conditions 
of that body of water throughout its whole extent, those of first importance 
being the depths and temperatures. Our operations in the Gulf of Maine 
were of similar intent, but on a smaller scale. The execution of the work, 
embracing observatioiis for depths, serial water temperatures and densi- 
ties, and for currents when possible, together with the collection of speci- 
mens of the bottom soil or deposit, and of surface, bottom and intermedial 
wilter specimens, was intrusted to the naval officers on board, under the 
direction of the Superintendent, who was cognizant of every important act 
of the party, and who, with much kindly interest, noticed its workings even 
to the smallest essential details. In this direction the Superintendent was 

. assisted by Commander E. P. Lull, U. S. N., Hydrographic Inspector of the 
Coast and Geodetic Survey. Afterwards, during the first three months of 
my last season, we were most pleasantly associated with Prof. Alexander 
Agassiz and his assistant, Mr. S. W. Garman, for the dredging operations 
which‘ then became part of our work. 

A short sketch of the work performed by the “Blake’s” party in 
each season will perhaps not be amiss. 

During the winter season of 1876’75, after two months of special 
work, we ran a number of lines of soundings radiating from the Passes 
of the Mississippi River and extending a distance of one hundred and 
twenjy miles seaward. The work was brought to a close by running a 
line from the Southwest Pass of the Mississippi River to the mouth of 
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the Rio Grande, four hundred and sixty miles, and thence another, nearly 
east, across the Gulf of Mexico, seven hundred and sixty miles, to Tor- 
tugas, the westernmost of the Florida Reefs. Total number of miles of 
sounding-lines in deep water run during the season, 2,505. 

During the summer season of 1875 we ran a number of lines in and 
across the Gulf of Maine in various directions. Total number of miles 
of sounding-lines for the season, 2,065. 
. In the winter season of 1875'76 we ran a system of east-and-west 

.lines across the great bank west of the Florida Peninsula, and in the con- 
tiguous deep water. These were followed by others of less length on the 
northern portion of the bank, and by several extending well out to sea 
from points adjacent to the delta of the Mississippi River. The season 
was closed by running a line from the South Pass of the Mississippi 
River nearly due south to the Yucatan Bank, and another from Alacran 
Reef, on that bank, to Tortugas. Total number of miles of soundings 
for the season, 2,519. 

We began the work of the winter season of 1876477 by running a 
line extending from Cape Romano,'on the west coast of Florida, to a point 
two hundred and fifty miles due west, and thence another line due north, 
about an equal distance, to the coast not far east of Pensacola, Fla. Then 
followed an unbroken set of lines which, beginning near Pensacola and 
ending at Timbalier Island, formed nearly the three sides of a rectangle 
and crossed all the lines previously run on the slope of the Mississippi 
Delta. A continuation of the deep-sea work completed a system of east- 
and-west, north-and-south, and nornial lines from the coasts of Texas 
and Louisiana. Before the end of March we had completed all that had 
been planned by the Superintendent for the whole season. Additional 
work was given us, as planned by the Superintendent, and, accordingly, 
we ran a set of sounding-lines from the Southwest Pass of the Missis- 
sippi River to the northwest edge of the Yucatan Bank; then, in irregu: 
lar order with regard to locality, but according to the advantages to be 
derived from winds and currents, we ran a number of east-and-west lines, 
which sufficiently covered the ground from the southernmost part of the 
Gulf of Mexico to the completed lines off the coast of Texas and from 
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the western shores of the Gulf to the Yucatan Bank, or to our finished 
work in the middle of the Gulf. Forty-six hundred miles of steaniing 
on the additionally-prescribed work, much more than half on sounding- 
lines, brought us back to New Orleans, after an expenditure of one 
hundred and sixty-three tons of coal, on the cruise; all of the work 
throughout that part of the Gulf of Mexico west of the meridian of 89” 
having been completed. A series of homeward-bound lines, in the east- 
middle part of the Gulf, brought the season’s operations to a conclusion, 
and completed, as previously laid down by the Superintendent, the whole 
scheme of work for the Gulf of Mexico, exclusive of the Straits of Florida. 
Number of miles of sounding-lines run during the season, 6,426, with an 
average of one sounding to every six and one-fourth miles, over forty of the 
casts having been in depths exceeding 2,000 fathoms. In carrying out 
this season’s work the “Blake” had encountered fifteen or more gales at sea. 

The first three months of our winter season of 1877-’78--December, 
January, and February-were devoted to dredging in localities indicated 
by Professor Agassiz; in the Straits of Florida to the westward of Havana 
and Key West, on the eastern and northern slopes of the Yucatan Bank, 
on the western slope of the Florida Bank, and on the southern slope of 
the Mississippi Delta, Early in March Professor Agassiz returned to his 
home, and shortly afterwards the systematic sounding and serial tempera- 
ture work of the party, which we had not attempted while the naturalists 
were on board, was resumed. A number of lines of soundings were then 
run, to the westward of Havana and Key West, across the Straits of Florida 
and the Yucatan Channel in various directions, completing the Superintend- 
ent’s scheme for the whole Gulf of Mexico. Number of miles on dredging- 
lines, 1,800 ; number of dredging-hauls, eighty-two; number of miles on 
sounding-lines, 1,316. During this season the longest piece of hemp rope 
on board the vessel, for sounding or dredging purposes, was an ordinary 
coasting lead-line. Soundings were made with piano-forte wire, serial 
water temperatures were taken with small steel rope, while hauls with 
the dredge and trawl were made with steel rope of a larger size. 

On the arrival of the vessel at New York, after the winter season of 
1877-’78, having performed four years of service 011 the Coast Survey, my 
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detachment therefrom arid return to regular naval duty became necessary; 
it being determined, however, that I should first superintend the prepara- 
tion of the “Blake” for the work of another sounding and dredging season. 

On November 1, 1878, the fitting of the ‘‘ Blake” having been about 
completed, Commander John R. Bartlett, U. S. N., succeeded me in com- 
mand of the vessel. Since then the party has executed another season’s 
work, in the Caribbean Sea aiid Passages, the time having again been 
divided so as to permit several months of dredging in advance of the reg- 
ular party work of deep-sea soundings, serial temperatures, &c. In the 
dredging operations, Prof. Alexander Agassiz and his assistant, Mr. S. W. 
Garman, were again associated with the party. For the second dredging 
cruise we concurred in a plan of fitting the vessel for dredging to accord 
with the experience gained on the previous dredging cruise. The plan 
was approved by the Superintendent, and under the management of Com- 
mander Bartlett and the officers of the “Blake,!’ with the advice and 
suggestions of Professor Agassiz and Mr. Garman, the mechanical opera- 
tions of the season have marked a definite advance in this kind of work. 
In addition to the new dredging arrangements, the vessel was supplied 
with a new’ sounding-machine, a later form of my modification of Sir 
William Thornson’s deep-sea sounding-machine (Plate 8). 

In the sdunding and other party work, under Commander Bartlett, 
which suEceeded the dredging operations, the success was equally marked. 
In the entire work of the season, comprehending two hundred and twenty- 
five hauls with the steel dredge-rope and six hundred and sixty-four 
soundings with wire, there were but few accidents of any kind, and none 
due to imperfect working of the appliances. 

, .  

REMARKS ON THE UTILITY OF PIANO-FORTE WIRE FOR SOUNDING PURPOSES. 

After the achievements of Captain Belknap, the success of Com- 
manders Miller, Dewey, Schley, and Philip, and Lieutenant-Commanders 
Green and Gorringe, of the Navy, the continuous and successful work by 
Commander Bartlett and myself in the Coast Survey, and the work done 
under the auspices of foreign governments or companies, it would seen1 
that no further evidence is required to demonstrate the superiority of 
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wire over rope for deep-sea sounding; yet, as these results, however sat- 
isfactory, inay not convince persistent doubters, some particulars are 
given that may seem more tangible. 

First, it can be shown that the excess of iroii for sinkers, thrown away 
in sounding with rope, if saved, would pay for all the pEobable losses of 
wire, sinkers, and instruments in sounding with wire. For the iiioment, let 
us take a view of rope so favorahle as to assume that it will never part, 
hence will last indefinitely, and will never cause the loss of instruments. 
Iron for Rinkera expended iii ‘20 noundings with rope, in deptlis of 2,000 fathoms (200 pounds each 

cnst), 4,000 pulide,  at 2) cents per 1wutid ................................................. $100 00 

Again, let us take so very unfavorable a view of wire as to assume 
that it will part at every twentieth cast in depths of 2,000 fathoms, losing 
the wire, a sounding-rod, and a thermometer. 

Cost of 2,000 firtlioiiis sounding-wire, 29 p ~ i n i d a ,  nt 75 ceiitP per polind ............................. 
Coet of o m  elnlorntuly fittidied sounding-rod ................................................... 

Iron for 8iukei.s expended in 20 soititdings with wire, iii deptlis of 2,000 ftitholnr (60 poutids earl1 cuet), 
1,200 poutids,tit Wcet~td  per poutid ......................................................... $30 00 

21 75 
14 50 
12 00 Cost of one tlieiwioineter. ...................................................................... - 

Total cnnli expenditure, allould nll this mrterial IIH lost ...................................... $78 ‘2.5 

If, besides this, we were to lose an elaborately finished water-cup 
costing $25, the total cash expenditure would be $103.25. 

If, in the above computations, we take the cost of the iron sinkers at 
three cents per pound, which is nearer the mark, we find the cost of iron 
expended in the rope soundings to be $120, and tlie total cash Toss in the 
case of the wire $109.25, including the water-cup. 

Contrary to tlie assumption, rope sounding-line does in reality part, 
much of it being lost in extended work, involving the loss of instruments. 
If not lost, rope will deteriorate in use. 

In t lie six hundred ‘and sixty-four casts with wire by Conimauder 
Bartlett, in deptlis varying froin one hundred fathonis to 3,000 fathoms, 
the total losses of instl*uinents and material, exclusive of iroii sinkers, but 
including leads, could iiot have exceeded $150. At every cast a ther- 
mometer was used for bottoiii teniperature, and in some cases a water-cup 
was sent down. The total loss of wire was 2,400 fathoms, due once to 
the rare accident of fouling on the vessel’s copper slieatliiiig, illid once to 
the lead fouling on a coral bottoin, on whicli everything fouled. Captaiii 

3 u s  
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Belknap, during the progress of his deep work in the Pacific, took one 
hundred and twenty consecutive casts without accident. Commander 
Schley lately ran.a line of soundings across the South Atlantic, from St. 
Paul de Loando, Africa, to Cape Frio, Brazil, taking thirty-eight casts in 
depths from one hundred fathoms io 3,284 fathoms, without loss and 
nearly without accident. In a record of naval sounding work it is shown 
&at Commander Philip recently took eighty-six consecutive casts in 
depths up to 3,000 fathoms without a case of parting the wire. On board 
the “Blake” we managed to keep the same piece of sounding-wire in use, 
as occasion presented, for a whole year, sounding day and night, and some- 
times under circumstances in which the vessel rolled repeatedly 30” and 
even 35”, the machine being in charge of officers changed in regular sea 
watches. With wire we have hauled back a fifty-seven-pound shot-sinker 
from a depth of 1,800 fathoms by steam, and have sounded day and night, 
in seas three hundred feet from crest to crest, in depths of 1,200 fathoms, 
using and recovering a thirty-four-pound lead, and hauling back by steam. 

It is believed that in point of accuracy and celerity the advantage of 
wire over rope has never been questioned. 

Our casts in the swift current of the Gulf Stream were, to all appear- 
ance, as successful as elsewhere, and they presented no difficulties worthy 
the name. 

DESCRIPTION OF THE “BLAKE”:  DUTIES OF OFFICERS AND CREW: ROUTINE. 

The “ Blake” was built for the special work on which she is employed. 
She is of three hundred and fifty tons 0. M., one hundred and forty feet 
in length on the load line, twenty-six feet six inches beam, and lias a deep 
draught of eleven feet. Her engine, which is compound, of about seventy 
nominal and two hundred and seventy actual horse-power, gives her a 
speed of eight knots, under ordinary circumstances, for an expenditure 
of four tons of coal in twenty-four hours; and she inay be pushed to 
nine knots under steam alone. Under both sail and steam she has been 
known to maintain a speed of ten and a half knots. Her bunkers will 
accommodate coal for thirty-eight days’ steaming, at a. daily expenditure 
of four tons. The rig is that of a fore-and-aft schooner, and consists of 
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foresail, mainsail, jib, fore-stay sail, and fore and main gaff-topsails. Aft 
on the main-deck are spacious and well-ventilated quarters for the offi- 
cers. Forward of the wardroom, on the same deck, is a continuous line 
of midship houses, reaching nearly to the foremast and forming the en- 
gine-room, boiler-room, galley, pantry, draughting-room, lamp-room, and 
mechanics' sleeping-room. The arrangement of the main-deck houses 
leaves, on either side, a wide gangway, ventilated and lighted along its 
whole length through large square ports which can be kept open at sea 
in any ordinary weather. Beneath a sufficiently large berth-deck is a 
good-sized hold with tanks for holding 2,600 gallons of fresh water, while 
under the cabin and wardroom, and accessible only from those apart- 
ments, are large store-rooms. The upper-deck is flush, and gives ample 
rooin for the reception of all the necessary machinery and gear. 

Plate 29 shows the upper-deck plan. 
A.-Main hoisting or reeling engine. 
B.-Dredge-reel. 
C, C, C, &e.-Iron leading-blocks for dredge-rope. 
D.-Dredge-boom. 
E.-Small reeling-engine, connected with dredge-reel. 
F.-Reel for steel-wire temperature-rope. 
G.-Sounding-machine, 
H.-Small reeling-engine for sounding-machine. 
&-Fore hatch. 
$-Foremast. 
k-Pilot -house. 
I.-Draughting-room skylight. 

m.-Galley sky 1 igh t . 
n.-Boiler-room skylight, and smokestack. 
0.-Engine-room skylight. 
y .-Mainmast. 
y .-W ardroom skylight. 
?*.-Cabin and wardroom companion-way. 
8.-Cabin skylight. 
t.-Rudder-head. 
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The rnacliiiiery will be explained hereafter. 
The complenient of officers, exclusive of the chief of the party, was 

as follows: One lieutenant as executive and navigator, one lieutenant or 
master as assistant navigator, three masters or ensigns as watch officers, 
one engineer, one surgeon, and one captain’s clerk. ’ The last two, in 
addition to their legitimate duties, acted as recorders on deck. The force 
of forward hands, all told, was thirty-six men, which gave for deck duty 
eight men in one watch and nine in the other;-the boatswain’s mate 
being the odd man. The work required of each deck-watch at sea was 
to fill the stations for running the sounding-machine, getting tempera- 
tures and water specimens, niaking current observations, attending reel- 
ing-engines, making and reducing sail, steering, keeping lookout, &. This 
force was adequate until the first dredging cruise, when six extra hands 
were shipped to turii the crank of the dredge-reel. For the second dredg- 
ing cruise, steam having been applied to the dredge-reel, the regular com- 
plement did not need to be augmented, it being possible to haul in depths 
of 3,000 fathoms with three men, every detail, iiicluding steering, being 
executed. For working the main engines the “Blake” had three machinists 
and six firemen. The number of the latter was at one time reduced to 
three for part of a season, but this reduction providing for no substitutes 
in case of sickness, the original complement was afterwards restored. 
All the reeling-engines were managed by the deck-hands. Idlers were 
never called on to assist in any part of the hydrographic work. 
’ Duties were divided among the officers as f o l l o ~ ~ s :  The executive off- 
cer was charged with the care of the chronometers, compasses, and other 
delicate instruments. Besides having the usual navigating work to do, he 
plotted the lines of soundings and superintended the preparation of the 
records in every particular. The assistant navigator aided in the navi- 
gating work, took current observations at sea, and, on the arrival of the 
vessel in port, revised the computations of all observations for position. 
This officer and the three watch officers had each to care for certain 
appliances or gear, and to keep a record of di ta  concerning them. The 
watch officers in rotation had charge of the deck, where they managed 
the vessel and directed the mechanical part of the hydrographic work. 
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The recorders assisted the oflficer of the deck in keeping the deck-record 
required by the several forms to be shown hereafter ; they were unavoid- 
ably pushed to their utmost in prolonged work, their duties forcing them. 
to stand watch and watch, which they divided, by choice, into six-hour 
intervals. The engineer helped greatly by draughting the profiles and tem- 
perature curves, No officer was excused from party work by other duties. 

With two officers navigating, three doing deck duty, and two record- 
ing, the labor seemed fairly divided when the nature of the services to be 
performed was considered. Had the sounding-lines run by the “Blake” 
been of much greater length, a third recorder would have been necessary. 
With an increased complement of officers, from which to make the detail, 
a better plan, in one respect, would be to put all instruments, appliances, 
and gear, excepting chronometers, coinpasses, and the like, under the 
special charge of one officer, whose chief duty it would be tq have them 
kept in good order and repair. 

An overcast sky precluding observations for position, the proportion of 
fiivorable working weather during each season was not great, and we were 
sometimes compelled to remain in port inany days together. Bearing this 
in mind, all hands cheerfully acquiesced in the demands made on them 
when at sea. The longest continuous run that we ever’inade on sounding- 
lines occupied eleven days, although that length of time was nearly equaled 
on several occasions. These long runs were sometimes executed under 
such trying circumstances of wind, weather, sea, and current as to impose 
much mental strain on the officers and to call forth all the endurance of 
the crew. If the 
vessel did not look pretty, we concluded that we could not help it, and 
complacently looked forward to a higher standard on our arrival in port. 
It was generally understood and appreciated by all on board that inistakes 
through carelessness ought not to be tolerated, and that strictness should 
rule always in matters immediately connected with the special purpose of 
our party, In port, on the contrary, the fullest liberty of action, not at 
variance with good order and the interests of the work, was allowed. 

The port duties were, in brief, to plot the work, to complete the rec- 
ord, and to “straighten up ” the vessel. Whenever it was practicable we 

At sea, everything had to give way to the work in hand. 
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made fast to a wharf, with a view of lessening boat work and of affording 
facilities for recreatibn. The watch officers then went into “ day’s duty,’’ 
but were not required to be continuously on deck unless something 
special or important made their presence necessary, the ordinary routine 
being under the immediate charge of the quartermaster. 

Assuming early morning as a starting-point, the usual daily routine 
of sea duty on board the “Blake” was about as follows: 

While the stars were still bright the navigators were up and ready, 
and, from the first well-defined appearance of the horizon until the disap- 
pearance of the stars, the best observations that could be had for the ves- 
sel’s position were obtained. If a sounding was being taken at twilight, 
as frequently happened, we endeavored to time some of the observations, 
so that the position given by them might be coincident with that of the 
sounding. Then the navigators retired to the draughting-room to effect the 
computations, the result of which was anxiously awaited to find if the 
vessel had been drifted much away from the line during the night. The 
soundings, which had been carried on all night, were continued through the 
day at specified intervals of distance ; and at occasional sounding stations! 
generally according to schedule, serial water temperatures and serial water 
densities werenoted. When current observations were in order they came 
immediately after the sounding, unless serial temperatures were required 
also, in which case the latter took precedence. At every sounding the sur- 
face-water temperature, and certain other data, as shown on Form 3 in 
another chapter, were secured. A deck-board, having fastened to one side 
of it a General Record, Form No. 3, and to the other side a Supplementary 
Record, Form No. 4, for the reception of details.relevant to the columns, 
was kept in the pilot-house under the care of the recorder. Although that 
officer made all the entries, excepting those requiring a nautical judgment, 
the officer of the deck was the responsible person, and as such was obliged 
to affix his initials to the record at each station. Usually at every sound- 
ing, when the run between soundings occupied an hour or more, observa- 
tions for position were taken if possible, and at evening twilight the pro- 
ceedings of the corresponding morning period were repeated. Favorable 
opportunities for finding the position afterwards were made the most of, but, 
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as a matter of course, tlie work of the navigators was lessened at night by 
the comparative rarity of chances for accomplishing anything within the 
province of their office. In every other respect our operations, whether 
for depths, currents, or temperatures, went on the same at night as by day, 
there being no falling off in their amount or character on account of 
darkness. Dredging, when it became a part of the work, was likewise 
continued at night; but runs between the stations were niade after dark 
rather than in the daytime, when our movenients could be so managed. 

The followiiig is a specimen, given from memory, of the kind of gen- 
eral order that I issued at the lieginning of the season’s work, for tlie 
guidance of officers of the deck: 

General Order. 

In  deptlia less tlian one hundred futlioins, wound with rope; in deeper water, sound with wire. For 
depths no greater than 1,000 fathoms, e~nploy the tltirty-fonr-poiiiid lead and haul it back ; for depths exceeding 
that, use shot-sinkers and detach them on the bottom. The sounding intervals will be R B  follo\vs : In dep th  lese 
than flve hundred fittltoins, five miles ; between fire l~undred und 1,000 futllonls, seven niile8; between 1,000 
and 1,500 futlloniR, ten niiltrs; greater thnu 1,500 futlionrs, fifteen miles. Mnke it a serial teinperuture atntion at 
the terminn1 soundings on nll lines ; also, nt every fourtli aounding wlien tliu ititerrti1 is f i re  or seven miles, and 
at  every third sounding wlieii it in ten or fifteeti inilea. At a11 telrlperature stntioiie the usunl party work, under 
tlie following liends, will bo fully executed : h p t h  of water ; serid teuipuriiturea and water speciniens, includ- 
ing tllose at the smface uud bottom ; duiisity a d  correepondin~ tenipeixttnre of wntur specitnetis ; bottom-soil 
specimen and rill water speoiinens bottled and saved for exatninution. The appended table gives the serial depths 
from mliich tetnperntures and water specimens ure required. 

At every sounding the tumpernture of the surfuco ~ u t u r  will be rucorded, iriitl tlurt of tlie Lottoin water 
likewise when working in less than 1,000 fILthJlllS over slopus. In getting the sub-surface water temperatures 
allow seven minutes d e r  the find stoppage iu wlticli to let tliu tlierinoiuetera register. Get the bottom tempera- 
tures and wutur specimens with the uid of the wire or rope tllnt ia b e Q  used for the eouuding. 

Water-cups illtended for use will be adjusted and in reudiiieaa before arririug at the station. Thermome- 
ters will be set the last monient before they are fwtenud to the rope UT wire, nlid the readings noted ut once wheu 
the instruinelits are rernoved froin the rope on coniiug out of the water. The I-esulte of tlie seiiul temperature 
observations will be carefully ecrutinized 1)y the otRcor of the deck, and any reudinge tlint nru uj~j~areiitly false, 
or nre cantrary to wliat wus anticipated, will Le ut once iwported to the cotnunanding offlrer. At euch tempera- 
ture etation the uppiqoxiinnte Iiigliest point at wliiclt the teinpertiture of 3940 wcurs-the nortnul tentperature of 
tile deep Gulf water-muet be uscertuiiiod iii order to niaktt the series coniplete. Record the clitirscter of tlte 
bottom-soil spwinieits at nl1 sounditigs. Save tlie epecitnou for uxuiniiiutiou at seriul teniperntnre stations, uiid 
also mlienerer the nppenrtww of it seeinn to be direrent from tliut tuken at the previous aoniidiiig. In  case of 
doubt, snve it always. In gerieral rwold, in addition to the ueital data, ut every soundiug, nll the inforinstion 
that can be got without deluying the veseel. Sirrfuce deusitiea, liowo\wr, n e d  not be tnken excepting at tem- 
I w w w  stntione. Current observations will be made under apeciul orders. Reports will bu inude to the COIII- 

manding officer w l i e ~ ~  circuinstnuces, of whatever nature, would aeem to reuder adhoreuce to nuy pwt  of the folw- 
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going instructions imprncticnble; wlicn unexpected, important, or interesting results are obtained in any particu- 
lar relating to the work, nnd when more complete information can bo gnined consistent with our system of 
operatione. 

TABLE SHOWING THE DEPTHS AT WHICH TO OBSERVE TEMPERATURES AND FROM WHICH 
TO SECURE WATEH SPECIBlJCNS, AT SERIAL TEMPERATURE STATIONS. 

i 
! Depth of the sound. 
1 ing in fathoms. 

Lers thsh 10 ..... 
10. .............. 
26.. ............. 
60 .............. / 76 ............... 
160. -. . -. . - - -. . -. 
200.. ............ 
900.. ............ 

\ 100 .............. 

.. - 
ai 3 
m 
- 

2 
2 
2 
2 
2 
2 
2 
2 
2 

400 .............. 2 
600 ...__..___....l 2 
600 .............. 2 
700 .............. 2 
800 ............... ' 2 
900 .............. I 2 
1,000 or more ___. i 2 

I- ! Sur. 

. 

10. 

- 

_ _ .  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 - 

I 
25. 150. 

-- - 
! ........ 
I --. - - - .  

1 I._.. 

l !  2 
lj 2 

1 '  2 
l i  2 

li 2 

;! ; 
11 2 
1 .  2 
1 '  2 
1 ;  2 

11 2 
1 ,  2 

-- 
LO. 2.5. i50. I '  

Serial depths in fnthoms, 
._______ .- . - . .  .- 

-3 -.__-_I ' !-,___ i I I----/ 
j ............. I ........ I ............ 

l i l  .... j .... I .... I ......... I ___.! .... i ................ .-.-..I 
.... / .... j .... I .... I. .... _...I .... ~ ...................... 
1 ..__i.-.. 1 .__.; .... .__.,.._. j ...................... 

- - - - - - I  '1 i t 1 I ...,....... 
i 2" i I : _ _ _ _ I . _ _ _ ! _ _ _ .  .................. 

' I  

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

............................................. 
...... I !  ... , ....................... .......................... 

, I  

' .  

1 1 ! 1 j-... 

2 
.... .......... 2 

2 .............. 2 .......... 2 

HEMABK~.-TO ascertain the aerial depths from wiiich teniparaturee and specimens of tho water ate required, flnd in the left- 
rid0 column a depth next lower than that of tho sounding. Opposite therotn will be found the flgures 1 and 2, the former slgnifylnR 
iemperatn~w and the iatteC1wth temperatures and specimens, which are to be referred, for tho required depthn, to the top or bottom 
row of flgurea denoting aerial doptlis. Tliua, In P depth of 2.W fathops, temperatures shonld be observed a t  the surface, at lo,%, 60, 
76,100,160, and 200 fathoms, and at the bottom, aud water apecimeus shonld be secured from the sulrace, from 10,60, and 100 fathoms, 
and from the bottom. 

This table was too broad in its application to be strictly followed 
through a whole season, but it indicated in a general way what was 
expected of us, and it served as a guide to the officer of the deck, who, 
in the absence of special orders to the contrary, observed its directions 
without modification. 

From the first, the quality of our work gradually became better. 
There was no year that we did not improve one or more of our appli- 
ances somewhat, and after the first season we trusted the wire to an 
extent not meditated at the outset. 
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OFFICERS OF THE “BLAKE” AND THEIR CIVILIAN ASSOCIATES. 

Throughout the whole work I was singularly favored in having the 
assistance of intelligent and capable officers, and it is a source of regret 
that their services cannot be presented more prominently in this volume. 
The leading purpose of the volume may, perhaps, explain away any appar- 
ent neglect by me in the matter, when I state that the field of invention or 
adaptation in the party being occupied with so much evident interest by 
myself, the others-some of whom were ingenious in a marked degree- 
kindly accorded me the “right of way.” The records of the Coast and 
Geodetic Survey bear testimony to their faithful service and to their high 
qualifications for the work required of them. The nanies of all the 
officers who have served with me on board the “Blake” will be found in 
the table of statistics accompanying this .Introduction. 

My association with Prof. Alexander Agassiz and Mr. S. W. Garman, 
though short, was very pleasant. Professor Agassiz and I were shipmates 
and messmates for but little over two months, during which time we gave 
ourselves up heartily to the work in hand. To these gentlemen belongs 
all the credit, pertaining to the province of the naturalist, which was 
gained on the dredging cruises. 

4 D S  



Water tl e 11 p i t  i c s  ob- 
acrved; 

Scason. 
. - .. . .  

.- _ _ -  . ...- . --- .- _ _ -  - 

Winter,1874-'76.' Off mouth of I 219 ' 347 0 347 
Mississippi 
River, Gulf 
of Mexico. ~ 

Do.. .__. _ _ _ _  GulfofMexico 2.606 , 280 134 414 

_ _  .- 

348 132 4 484 369 129 4 

130 32 126 

133 64 133 

I 
287 J 

330 

366 

672 

378 ~ 60 223 661 

664 '  64 133 861 1 .  I 
Summer, 1876. _. Gulf of Maine. 2,066 649 16 664 

100 438 

418 ~ 1,034 
I 

I 
Winter,l876-'76. GulfofMexico 2,619 338 

616 

403 

2 87 

192 

466 91 960 

1,232 273 1,792 

108 176 82 

I 
Winter, 1876-'77. - - -  do .. . - - - -. 6,426 .186 360 137 

Winter, 1877-'78. StraitsofPlor- 
ida, Gulf of 

: Mexico. 

1,316 678 138 1,008 167 24 2 6 ;  206 3 ,193 166 

1,8001 4 '  98 102 9 1 ,  0 ,  60 141 

- I 

Grand tota1.'16,860 2,237 968 3,196 2,363 ' 2,612 912 6,887 1,082 776 606 i 2,363 
I 

I I ! 

I 

~ 

Winter,1878-'79. C a r i b b e a n '  ...--.! 
Sea and Pas-; I 

I 
sages. 

0 664 664 670 647 663 1,770 437 60 191 516 

! 
. . .  ___ -. -. . . . -. .- .. . . .. . _ _  ._ -. . . . . . -. .. . . . 

:a I'orliulin noiiio ,olxwi,rtvl by ~,: t t i t inI  i d s .  
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.. !. . . 
1 .  

.__. ._.. _... ..-... .-.. 
170 100;186 466 211 

127 ! 66 '126 308 131 

102 167 79 

186 363 183 

I 

33 28 26 

Special work near 
' --. [ shore. 

2o i 
. - -. 1 Deep work. 

66 . . ~  _..___.__ ~ _ _ _ _ _ _  

List of Offireis. 

___ - . -. ..-_ . . - - .. . __ 
Lieutenant-commander, C. D. Sigsbee ; lieutenants, C. 

T. Hutchins, J. W. Hagenman, and J. 1. Grimes; 
master, R. 0. Peck ; ensign, W. E. Sewell ; medical 

I officer, M. L. Crawford, M. D.; engineer, T. L. 
J Churchill: captain'sclerkandrecorder, J. B.Eowell. 

Lieubenant-commander, C. D. Sigsbee ; lieutenants, J. 
E. Plllsbury and W. 0. Sharrer ; masters, R. GI. Peck 
and 1. F. Wright; ensign, W. E. Sewell; assistant 
paymaster, 0. C. Tiffany; medical officer, M. L. Craw- 
ford, 1 .D. ;  engineer, T. L. Churchill; captain's clerk 
and recorder, L. P .  Slgsbee. 

938 77 68 . -. -. . . . -. . - - - -. . -. . Lieutenant-commander, C. D. Sigsbee ; lieutenants, J. 
E. Pillsbury and W. 0 .  Sharrer ; masters, R. GI. Peck 
andM. F. Wright; ensign,W. E. Sewell; medical om- 
cer, S. W. McJunkin,M.D.; engineer, T. L. Churchill; 
captain's clerk and recorder, L. P. Sigsbee. 

721 332 , 71 . - _ _  .. . . -. .-. -. . -. ~. Lieutenant-commander, C. D. Slgsbee ; lieutenants, J. 
I E. Pillsbury (for half the season, then invalided), S. 

M. Ackley (half the season), and W. 0. Sharrer; mas- 
ters,  M. F.Wright, W. E. Sewell, and Henry McCrea ; 
passed assistant engineer, W. S. Moore ; medical om- 
cer, s. W. McJunlln, 1. D.; captain's clerk and re- 
corder, L. P. Sigsbee. 

86 68 I 0 Regular party work. Lieutenant-commander, C. D. Sigsbee ; lieutenants, 8 .  
M. Ackley and W. 0 .  Sharrer ; masters, E. M. Jacoby 
and Henry McCrea : enslgn, GI. H. Peters ; passed as- 
alstant engineer, W. S. Moore ; assistant surgeon, U. 
J. Nourse ; recorder, L. P. Sigsbee. 

(t) 61 0 D r e d g i n g  w o r k ;  €or the dredging season: Naturalists, Prof. Alexander 

I 
I 

made 82 hauls. I Agasslz and Mr. 8. W. Garman. 
-,- - - - - 

Commander, J .  R. Bartlett ; lieutenants, W. 0 .  Shar- 
rer and J. P. Wallis ; master, H. M. Jacobg ; ensigns. 

I For the dredging season : Naturalists, Prof. Alexander 

With dredge.. 71 G. B. Peters and E. L. Reynolds ; passed assistant 
With trawl.. . 109 engineer, John Pemberton : assistant surgeon. C. 
With tangles - 46 

( Total. .. ~ .226 

619 693 698 1,908 880 224 
Hauls- 

J. Nourse ; recorder, L. P. Slgsbee. 

Agaeslz and Mr. S. W. Oarman. 

I 
40 64 10 114 328 

tA l u i g u  ~iuinbvi nu\ccl lq iintiiinlisl+ 
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SOUNDING-WIRE, CORRECTION-CURVE, SOUNDING-RODS AND SLNEERS. 

ROPE FOR SOUNDING PURPOSES. 

The principal drawback to deep-sea sounding with rope is the large 
area which rope offers to resistance in its passage through the water, and 
to the action of currents tending to deflect it from a vertical direction. 
This resistance is increased by the rough and grooved surface which all 
ropes have to a greater or less degree. Their weight, if made of hemp or 
manilla, is reduced to about one-fourth in water, and thus there is but 
little weight in the material itself to cause it to sink rapidly. “The 
resistance upon the line varies, first, as the square of the velocity; second, 
as the diameter of the line; third, as the length of line immersed.’’ * 

Since the weight of the sinker remains invariable, and the resistance 
upon the line continually increases as the length of the immersed portion 
becomes greater, it follows that the rate of paying outtwill gradually 
lessen and must become very slow if the whole resistance approximate to 
the weight of the sinker. With the weights and ropes formerly used it 
came about, in deep casts, that the resistance of the line would so nearly 
equal the weight of the sinker that, before bottom had been reached, the 
line would be sinking almost wholly by its own weight, and the rate of 
paying out after bottom had been reached would, therefore, remain about 
the same as for some time previously, giving no indication of the time 
when the sinker had landed. The invention by Brooke, permitting the 
sinker to be detached on striking bottom, made it practicable to use much 
heavier weights than it would be possible to haul l~ack with any rope 
suitable for sounding purpose’s. Since then the use of small line with 
very heavy sinkers, and the taking of time-intervals when paying out, have 
made rope soundings acceptable in general, yet, in strong currents the 
most experienced and accomplished hydrographers have been known to fail 

“Appendix No. 37, Coast Burvey Report for 168. Investigation of the laws of motion governing the 
deecent of the wsiglit and line in deep-sea soundings; by Prof. W. P. Trowbridge, Aselstant ill the CoaRt 
Survey. 

98 
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completely in its use, and attempts in heavy seas would probably prove 
ineffectual also. The latest and most trustworthy deep-sea soundings 
with rope have been taken with stuff from 0.8 inch to 1 inch in circum- 
ference (0.256-inch to 0.318-inch diameter), the sinker weighing one 
hundred pounds for a depth of 1,OOO fathoms, with one hundred pounds 
added for each additional 1,000 fathoms of anticipated depth. 

WIRE FOR SOUNDING PURPOSES. 

Attempts mere made to sound with wire from time to time, but there 
was no encouraging measure of success until 1872, when Sir William 
Thoinson invented a machine for the purpose. With machines con- 
structed on his principle we are now able to iriake the deepest cast with a 
percentage of probable error as sinall as pertains to ordinary in-shore 
soundings with the hand-lead. His original apparatus has since been 
improved by himself and Iiy others, but not in point of accuracy, this hav- 
ing been attained by Sir Williani Thonison in his first. efforts in sounding 
with wire. The kind of wire that he originally recommended was adopted 
on board the “Blake,” and, so far as I am aware, no other is employed 
for sounding purposes. A piece may he seen pictured on Plate 2, where 
it is contrasted with a rope of one-quarter of an inch diameter to which 
the thermometer case is attached. 

00 O 
1rIQ. 1. $bQ. 2. FIG. 3. 

~.--COWPARATIVIC BIZE OF XENP ROPE AND 81‘15XL WIRE FOR BOUNDIXQ PURPOBEB. 
F i p .  1 and 2. Hemp sounding-lino. Fig. 3. Pinno-forb sounding-wire. 

DESCRIPTION OF PIANO-FORTE W I R E  USED FOR SOUNDING PURPOSES. 

The inaterial used is steel piano-forte wi1.e of No. 22 Birmingham 
(Stubbs) gauge, wliich corresponds nearly to No. 21 Anierican wire-gauge 
(0.028 of ail iiich in diameter); it weighs fourteen and one-half pounds to 
the nautical mile (1,000 fatlionis approximately) in air, and consequently 
about twelve pounds in water. We purchased ours either .of Messrs. Web- 
ster & Horsfall, Biriningliam, England, or of the Washburii & Moen Maii- 
ufiwturing Conipmy, of Worcester, Mxss. “lie English wire has a teiisilc 
strength from two hundred to two hundred aiid forly pouiids, and costs 
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about seventy-five cents per pound.* It is provided in lengths from one 
hundred fathoms to four hundred fathoms, and is made up in eighteen-inch 
coils, weighing about sixty pounds each, and wrapped with oiled paper. 
The American wire, which is called music-wire No. 13 by the Washburn 
& Moen Manufacturing Company, has a tensile strength somewhat less than 
that of the English wire, and costs about $1.50 per pound. It s e e m  to 
have a higher polish than the English wire, and is made up in nine or ten 
inch coils, stowed neatly within sealed tin cases. The method of pro- 
tecting the English wire for trailsportation is not a good one, for it is often 
found that apiece of the paper has become stripped off by careless hand- 
ling, leaving many layers of the metal exposed; but this is a matter which 
would doubtless receive attention if brought to the notice of the manuf‘ac- 
turers. M. Poehlman, of Nuremburg, Germany, exhibited some of‘ his 
piano-fortewire at the Centennial Exhibition, which wire, by the official test, 
proved to possess a strength of about ten per cent. over the English wire 011 
exhibition; but Mekrs. Webster & Horsfall may not have been exhibitors. 

METHODS OF SPLICING THE WIRE. 

Splicing seems to have given Sir William Thomsolz considerable 
trouble in his first experiments, for the reason that an abrupt change of 
section from a’thick splice to the single part of wire made a point of weak- 
ness, and in his earlier tests the wire always broke just at  the splice. He 
finally settled on a method described by him as follows: 

“A splioe of two feet long I have found quite sufficient, but tliree feet m y  be safer. Tho two pieces 
of wire are firnt prepared by warmiug them slightly and melting .on a coating of mrrriiie glue to pro- 
mote surface friction. About three feet of the ends so prepared nre laid together nnd held between tho finger 
and thumb at the middlu of the portions thus overlapping. Then the free foot nud n half of wire on one 
side is belit clone nround rhe other in n loug spiral, wid1 n Iny of about one tui- per inch, nnd the sumo is 
done for the free foot and n half on the other side. The ends nre then served rouiid firiiily with twine, tint1 

h e  splice is complete.” 

In connection with the above I give oiie of Haswell’s recipes for nia- 
rine glue, although the mixture is probably a coiniiiercial afticle: 

“Diesolve india-rubber, 4 pnrte, into 34 pnrta of cod-tar nnphtlra; ndd powdered slielluc, 64 parts. While 
When required for use it is heated nnd then the mixture is hot it is poiired upon metsllic p1nt.a in sheets. 

applied with a brush.” 

*Three length8 of English wire were recently tesbd on board the “Blake” and broke nt the following 
strains : 204, 210, and 202 pounds. Occwiunally a piece will break nt a strain less than 200 pounds. 
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PLATE 2. 
DEEP-SEA SOUNDING AND DKEDGING. 

* "  

FIG. 2. 

FIG. I .  MILLICK~C:\SEI,LA 'I'HISRMOMETER CASlG FI'TI'ED \VI TI1  SIGSREIL'S SPRING CLAMP. A13OVE IS 

1:IG. 2 .  SOUNDING IZOD ; 14 S L I G H T  MOD1FICA'~ION OF CAPTAIN BLCLICNAP'S SOUNDING CYLINDER NO. 2, 
SHOWN A PIISCIS 01.' 'THE SOUNDING WIRE. 

\ V l ' T H  511~5131SIC'S DICTACIIER. T H I S  CONSTRUCTION IS SHOWN O N  P L A T E  3~).  

Heliotyfie Prtnfirtf Co., a m  Deoonshire SI., Bwfon. 
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The New York Rubber Belting Coinpany advertise “pure rubber 

Capt. George E. Belknap, U. S. N., who has taken the deepest casts 
cement,” which is pure rubber gum dissolved in naphtha. 

ever made, explains his splices in this manner: 
“Long-jawed twist two feet in length; aoldered nt ends slid two or three places in middle, mid eerved 

with fine waxed twine.” 

All anxiety about our splices on board the “Blake” was saved us by 
Coinmander Howell. The kind that he had used in his initiatory sound- 
ings froin the “Blake” was found to answer perfectly. Experience shows 
that with these the wire rarely, if ever, breaks at the point where the 
single part joins the splice. While we have not sounded in the deepest 
water, we have nevertheless many times, when reeling in by steam, sub- 
jected these splices to as much strain as would be brought upon them in 
the deepest cast ever taken; in fact, we have parted the wire a number of 
times by direct strain through one cause or another. While, from the 
shape of the splice, it is probable that the theoretical point of weakness 
is retained in a sinal1 degree, yet it may be presumed that in every great 
length of wire there will be other comparatively weak spots, removed from 
the splices, which would not sustain so strong a pull as the points in ques- 
tion. We always regarded our splices as entirely satisfactory, and they 
appear to have decided advantages over those heretofore described, the 
chief of which are that they need less attention and repair and are less 
liable to get stripped; they are but three inches long, which makes them 
stow coinpactly upon the reel; are neat and smooth; are easily made and 
renewed, and need not be served with twine or other material. They are 
shown on Plate 41. In making them cautioii should be observed not to give 
the lay at the cross or middle of the splice so short a nip that it will after- 
wards be straighteiied out under strong tension. The form shown on the 
plate is correct. In soldering, the ends should be given as long a taper as 
quick soldering will allow, for it will not do to keep the hot iron very long 
on the single part of the wire for fear of altering the temper of the steel. 
We were in the habit of having them made always by the same machinist, 
on the principle that “practice makes perfect,” but almost any person who 
is handy with tools could make thein well enough. Their shape is so reg- 
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ular that a simple machine might be devised to make .the twist. The outfit 
necessary for making splices consists of the following: a small charcoal 
stove, such as is used by tinsmiths, two soldering-irons, some soft-solder, 
nippers, plyers, and a bottle of soldering-fluid. For the last mentioned, 
Haswell gives this recipe, which is the same, or nearly the same, as that by 
which we made our soldering-fluid : 

“To two fluid ouiices of muriatic acid add small pieces of zinc until bubbles cease to rise; add one-half 
teaspoonful of sal ammoniac and two fluid ounces of water.” 

For the purpose in view this fluid is more useful than resin, because 
more searching. It should be applied sparingly with a feather or a brush, 
immediately before the soldering-iron is used.* 

PRESERVATION OF THE WIRE WHEN NOT IN USE. 

When wire was received in sealed tin cans the latter were painted and 
stowed below in a dry place, after which only an occasional inspection or 
touching up of the outside of the cans was necessary. When it was sup- 
plied to us in coils wrapped with oiled paper we would parcel each coil 
with soft canvas, and then apply several coats of paint before stowing 
them below. Once when we wished to stow away a spare reel containing 
several thousaiid fathoms of wire, and had no tank available, we left the coil 
upon the reel, covered the upper layers with old washed flannel saturated 
with sperm-oil, spread tallow over the flannel to a depth of half an inch, 
__ . - ~ _ _ _ _  

* I have noticed in one of the lnte reporte from the United States Steamer “Tuscnrora,” Commauder J. 
W. Philip, regarding the work of thnt vessel, that they had been unfortunate with Bone splices made after 
the “Blake’s” method. The wire used had been received from the United States Steamer “Alaska,” where it 
had been in service. On board ,the “Alaaka” was MasWr W. %. Sewell, formerly of the “Blake,” a most 
efiicient worker wit11 sounding-wire, nnd one who knew perfectly the “Blnke’s” method of splicing. I have 
no knowledge of the length of time that these splices were used by the “Alaska;” how loug they were in 
stowage there&r; in wliat fluid they were stowed, or if they were examined aud repaired preparatory to 
use by the “T11ac11rora.” I imagine, however, that they were not repaired, aa our naval vessels nre not usually 
given more than one reel, and have, therefore, no facilities for winding off wire for examination. 

Later, the United Stntes Ship “Saratoga,” sailiug training-ship, Commander R. D. Evans, has used our 
splices with entire satisfaction. Lieut. W. M. Wood, who had charge of the sounding-machine, practiced such 
a neat way of applying tlie Bolder, in order to avoid burning the wire with the soldering-iron, that I give his 
method here: Across a strip of board, about six inches wide, a narrow score or groove was made, which was 
deepened in the middle for a length somewhat greater than that of the splice. With the hot iroii the solder wns 
meltan 80 as to fill the deep part of the wore. The splice was then run  backwards and forwards through the melted 
solder, lengthwise in the wore, until the soldering was complete. Afterwards the roughness waa smoothed down 
with a knife. I cannot help tliinkiug, Bfter my experience with them, thnt them eplices are sufflciently strong, 
and in every other respect they linve the advantage over tlie other splices. 
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and then wrapped the whole reel .in old canvas and stowed it below in a 
cool place. Our method6 in this respect answered the purpose for which 
they were intended. 

WINDING ' OFF WIRE FOR ,USE OR TRANSFER. 

Plate 41 shows our method of mounting the coils for winding upon the 
sounding-reel ; the second reel-that nearest the turn-table-being unnec- 
essary after the correction-curve, shortly to be described, has once been 
obtained. The turn-table may be made of a circular disk of wood, perfo- 
rated with auger-holes, arranged in radial lines and on concentric circles, 
into which pegs may be inserted to suit the coil; the disk being centered and 
mounted upon any stable pedestal or standard, the apparatus is complete. 

When wire is passed from one reel to another a slight resistance 
should be placed upon the losing-reel-by securing the friction-line. by 
one end and laying it loosely over the friction-score of the reel-in order 
to keep the wire taut and th& %void kinking. A friction-score may be 
turned around the turn-table disk for the same purpose. 

To take wire from a sounding-reel, where it has been in use; and 
make it up again in close coils is not easily done. The difficulty lies in 
getting an equal strain on each convolution: failing in this, the coil may 
spring into a figure-of-eight shape when released from support, particu- 
larly if the coil be not made as nearly as possible of the same size as 
when wrapped upon the reel. Before being removed, if wound on a turn- 
table, the coil may be lashed to transverse strips of wood or iron should a 
tendency to twist be noticed. 

STOWAGE AND SUPPLY OF WIRE: A SUGGESTION. 

A simple method of stowage and supply of wire would be to transfer 
the commercial coils, as soon as 'they are received, to special cast-iron 
reels or drums capable of holding four or five times as much as the ordi- 
nary sounding-reels. In winding the wire to the supply-drums the splices 
might be completed at once, which would give the advantage of always 
having the supply in very long lengths, from which losses could be quickly 
replaced at sea or in port. These drums, when wound with wire, might 
be kept in tanks of oil or lime-water, 

S D S  
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Something like the following would perhaps suffice for merely con- 
taining and transferring wire. A cheap cast-iron drum, one foot in diam- 
eter and two and a half inches wide inside the flanges, with side flanges 
nine inches deep and friction-score at the side; center bored for the re- 
ception of an  axle of a sounding-reel for mounting on standards. Such 
a drum would hold more than 20,000 fathoms of wire of No. 22 Birming- 
ham gauge, wound with ordinary care. The register on the gaining-reel 
would give the measure of the wire reeled off and that remaining on the 
supply idrum, if used in connection with the correction-curve. 

The winding of wire from a turn-table is a slow operation and can 
best be done in port. 

GUIDING THE WIRE IN REELING UP AND UNREELING. 

The even winding of the wire, which would, at first, seem to present 
difficulties, in reality gives little or no trouble under careful management. 
Accurate guiding is nedessary, but this may easily and successfully be 
done. If ridges are allowed to form when reeling up, in the subsequent 
operation of paying out they will slip and loosen some of the turns, which 
is certain to bring about kinking if the paying out be continued. 

This mishap came to us but once, and then when we had more than a 
thousand fathbms of wire in the water. The annoyance and delay that it 
caused made us guard carefully against a recurrence of similar accidents. 
Neither swabs nor soft rags should be used for guiding, as they catch in 
the splices when least expected. The best thing for the purpose, accord- 
ing to our experience, is a piece of stiff canvas folded several times; the 
rounded fold being pressed against the wire with both hands. This can 
be managed by one man; is adapted to any change of direction that the 
wire may take; is always available, and presents a smooth surface, which, 
if chafed, may be quickly renewed by refolding the canvas. 

8 

PRESERVATION OF THE WIRE IN USE: -THE TANK. 

The preservation of the wire when on the working-reel is an impor- 
tant point, but presents no serious obstacle to the use of wire for sounding. 
That we should have been able to keep the same length in use for a year is 
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proof of this. When not on our lines the sounding-reel and its wire were 
kept in a cylindrical tank of galvanized sheet-iron, containing sperm-oil. 
The tank is built up inside,.so that, as nearly as possible, there is but a film 
of oil beneath and at the sides of the reel, while on top it is covered to a 
depth of about one or two inches. The cover is a flat, circular piece of 
sheet-iron, riveted all around its edge to the under'side of a wrought-iron 
ring, the latter being perforated to receive screws projecting at regular 
intervals through a second wrought-iron ring or flange fastened around the 
inside of the top edge of the tank. In the center of the cover is a square 
hole, through which the axle gf the reel is allowed to project. A sheet; 
iron, cylindrical, water-tight cap, to fit over this hole, is a desideratum. It 
should be about six inches in diameter and four inches high, so as to cover 
the stray-line, which, being connected with the wire, is rove up through 
the central hole and'coiled down upon the tank when the reel is stowed.* 

The cover of the tank, when in place, is set up firm by means of 
thumb-screws, and between the two wrought-iron rings, already mentionedj 
which form the joint, a washer of rubber or sennit k interposed to prevent 
leakage of the oil in a sea-wqy. In the foreground of Plate 7 the top of 
the tank is shown, covered with a canvas hood. 

Sir William Thomsop at first Suggested that the wire be kept in a soh: 
tion of caustic soda when n.ot in  actual use. This mixture being found by 
Captain Belknap to slightly affect the solder of his splices, that officer sub- 
stituted sperm-oil in its stead. Since 'then 'Sir William Thomson has ad- 
vised that lime-wafer he used in,the tank, aud kept up to full strength by 
.occasionally dropping in a lump of burnt lime.. Lime-water is certainly 
recommended by its cheapness, and would probably answer well to  preserve 
t h e  wire in the tank, but sperm-oil, although expensive, has been shown by 
long experience with ,-it to be a thoroughly trustworthy preservative. For 
preserving the working wire, w.hen the reel was mounted for use: we always 
had in store a few cans of concentrated lye, such as may be bought a$ 
any ship-chandlery. From. this stuff we made an alkaline mixture, which 
was kept near the sounding-machine in an iron bucket., . We never used 

Tlie etray-line iS a piece of  all rope, from 10 to 15 fathom in Imgtli, connecting the sinker or eouud- 
,iugrud with the outer end of the wire. It will bo dewrikd in the riext clinpter. 
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drip-pans, thinking them cumbersome. The alkaline water was frequently 
.but sparinglyapplied to the wire on the reel, in winding or unwinding, by 
means of a swab fitted’with a wooden handle. If usea too freely it flies 
into dthezfaces of the &en working at themachine, causing much annoyance. 
‘When t& wire had been long exposed, .and was noticed to have takkli on a 
Tusty-&lor,‘tlie su‘rface-layers were scrubrbed with ,lye-water, ’then rinsed 
‘witki fresh‘water and: oiled. It is a‘good practice- to perform the same 
‘operation when the sinker has reached bottom and a stoppage is made to 
let t h e  bottom thermometer register. Before a re‘el is sZowed ‘in‘ sperm- 
‘oil it should be carefully scrubbed and washed with fresh water to avoid 
fouling and thickening the oil. A litmus-paper test would show at any 
time if the oil were getting acid from any cause, and oil should be tested 
before it is purchased. 

KINKING. 

Chief in importance of all things to be guarded against when sounding 
.with wire is ‘(kinking..” By the emphasis which I attach to kinking, I do 
not mean to imply that it is necessarily an dctompanibentof sounding with 
wire, or that there is a frequent appearance of p‘arts or spots showing a 
tendency to kink and demanding special #presence of (mind in the person 
having, chrrrge of, the machine. On the contaary, I think a kink is less 
likely to happen in the wire than undue chafe in‘a sounding-rope,,but there 
Is this difference’: a rop’e may sustain considerable chafe ‘arid yet be in no 
Tmmediate ‘danger of parting in ordinary ,work,>while i f  f i e  wire kink it is 
‘almost certain to break under a light strain.” In no case should even an 
’incipient kink be trusted. By not losing sight of the qualities of the wire 
in connection with the character of the sounding-machine, the watch-officers 
of the “Blake” would not for months together, or even for a whole season 
or more, encounter a single kink. As long as the wire is taut it is safe; 
but if allowed to slack it will have a tendency to assume the shape of the 
convolution in which it has been wrapped under strong tension; either 
upon the reel or in the coil. From this tendency we have bights or loops, 
.which, if not cleared by band, form kinks when sthe wil‘e’,is agaifi subjected 
to tension. 

- - - 
h recent tests of the dtrength of Ehglisl] %\re iu kinks, the wire -purted nt the following strniiis, ouch 

time in n kiuk : 46, 64, 46 pouhds. 
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WIRE TESTS AND WORKING STRAIN. 

Several pieces of the working wire should %e tested for strength from 
time to time, with a view of finding the limit of strain which it would be 
safe to put upon it. I would suggest, as a safe rule for beginners, that the 
wire be worked to no more than one-Galf its breaking strain. With us dis- 
carded wire was kept upon a spare reel, to be used for the outer lengths 
in case the better material should give out. Such stuff might be made 
up into coils, each coil being tallied with a record of its length, tensile 
strength, and history, when it could be made to serve for make-shifts. 
When wire which has lost much in uniformity of strength is used with the 
sounding-machine, it is prudent to keep a memorandum of the working 
strain of each length, that the person who superintends the working of the 
machine may be able to exercise a correct judgment when reeling in. The 
risk of losing rods, water-cups, and thermometers is too great with weak 
wire, however, to sanction the use of any but the best material if it can 
be had. 

- All deep-sea sounding-reels that I have seen are of such a size that 
their drums will exactly accommodate one fathom of the sounding-wire 
as a single turn (Plate 17  and others). While each turn of the first layer 
wound about one of them is, therefore, one fathom in length, those that 
are above’measure more, according to their distance from the drum. Each 
reel is rigidly attached to an axle, on which is a worm to connect with 
the train of a register for recording the number of revolutions of the reel 
(Plates 36-38). It is evident Ahat the readings of the register show the 
number of turns of wire paid out or reeled in, but not the number of 
fathoms, and, since the turns are almost constantly varying in length, it. 
become$ necessary to have some ready means of reducink them to fathoms 
.in order to arrive at the depth of the sounding. For this purpose the 
correction-curve (Plate 41) was devised on board the “Blake” at the com- 
mencement of our first season, and its use was continued thereafter 
throughout the whole four years of our work. 

To get the data for constructing a correction-curve like that on Plate 
141, the commercial coil of wire is mounted upon a turn-table and two 

. THE CORRECTION-CURVE. 
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empty reels are placed as shown on the plate. The wire is led from the coil 
five or six times around the first, or spare reel, and the end is secured to the 
drum of the second, or working reel. Then, as it winds in accumulating 
turns on the working reel, it only passes on and off the spare reel in non- 
riding terms of one fathom .each. 'A register being applied to each axle, 
that placed on the working reel will record turns as they occur in actual 
sounding, while that on the spare, or measuring reel, will give the corres- 
pondingfathm. From this it follows that, at any stage of the transfer, the 
difference between their readings is a correction which, if added to the read- 
ing of the register connected with the axle of the working reel, will give 
the number of fathoms of wire reeled off. As the operation progresses a 
table is prepared like that on Plate 41, from which the curve may be con- 
structed in a few minutes. 

I have known misapprehension to exist in the minds of a few persons 
who have given this curve only a hasty notice. Some have understood 
that we used a spare reel at every sounding to measure the length of wire 
paid out ;  others have thought that each vessel would yequire a curve 
at the outset, and a new one whenever wire was added to the working 
reel or lost from it thereafter. I will attempt to make it clear by stating 
that only the working reel is used at  soundings; the spare one serves 
the sole purpose of getting the data, so far as any connection with the 
curve or the other reel is concerned. A curve once obtained is always 
applicable to the same kind of reel and mire that was used to get it, and 
this without regard to losses or gains of wire within the limit of the 
extension of the curve; for example, if made out for only 3,000 turns 
the curve will not suffice for 4,000 turns, but if carried forward in the 
first instance to include the figures of the greatest possible depth of 
water, there will then be no limit to its us.e with the original size of reel 
and gauge of wire. From this it will be seen that if all the sounding- 
reels, supplied from any source, be made with drums of equal dimen- 
sions, and the same gauge of wire be used with all, then the parties 
issuing the reels, byconstructing a curve in a single instance, and ex- 
.tending it for the total amount of wire that a reel is capable of contain- 
ing,  may provide a photolithograph, engraving, or other copy of the 
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original curve witb each machine as part of its outfit, in which case no 
future measurements nor preparation of tables will be necessary with 
those machines. 

It has been stated that winding the wire smoothly is a simple matter 
and need not be classed amongst the difficulties. In reeling back, after a 
sounding, the index of the register nearly always returns to precisely the 
same point whence it started, and I have never known, even in depths as 
great as 2,000 fathoms, a discrepancy amounting to as much as three turns. 
Should any considerable difference occur, and should equal dependence 
be placed in the register record of paying out and that of reeling in, then 
a correction may be found for a mean of the two readings of the register. 
If wire be lost from the reel or added to i t ,  a new constant, c, correspond- 
ing to the altered number of turns, t ,  in actual use, must be sought, and 
the rule applied just as before. The “Blake’s” curve, framed and hung 
in the pilot-house, was always at hand, and to effect a reduction after a 
sounding was the work of but a few seconds. 

In the Sigsbee sounding-machines (Plates 7 and €9, the wire after 
leaving the reel passes over a pulley above, which is one yard in circum- 
ference less the allowance for the thickness of the wire. An odometer 
(Plate 38) was at first attached to the ax18 of this pulley, and by its read- 
ing showed at once the number of yards of wire paid out at a sounding. 
We could, therefore, work independently of the correction-curve or of any 
other measurement than that of the pulley, but the position and size of 
the register on the axle of the reel was so convenient that we preferred 
the use of the register. We found the two measuring-instruments to agree 
after the usual correction, it being necessary in each case to make a small 
allowance for the four or five revolutions that the pulley always gave after 
bottom had been reached. 

SOUNDING-RODS. 

. An instrument made fast to the outer end of a sounding wire or rope, 
and which, being inserted within the sinker and projecting through it, 
serves to retain the sinker in the descent and to detach it when bottom 
has been reached, is usually called a sounding-rod. 
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A sipgle rod’is sometimes made to perform three separate offices; viz, 
to bear the &ker to the bottom and leave it there; to bring up a speci- 
men of the bottom soil; and to bring up a specimen of the, bottom water. 

There are objections to the employment of a .sounding-rod for bring- 
ing up water-specimens. To adapt them to this purpose involves the ap- 
plication of an  arrangement of valves, more or less expensive, and, since 
bottom water is Dot wanted at every sounding on a connected line such 
as ours were, it does not seem economical to risk costly accessories unless 
something is to be gained. In  regard to this, only a certain number of 
rods in any outfit might be supplied with valves, the others being without 
them; but there is a more weighty objection than that mentioned above. 

It is doubtfur if a genuine bottom-water specimen is always secured 
by means of a combined rod and water-cup when the rod has returned 
from soft bottom; for, owing to mud entering and fouling the valves and 
their seats, or from a deposit upon these parts of particles held in temporary 
suspense on account of the agitation caused by the impact of the sinker, 
the valves may not seat perfectly at the moment of beginning to haul 
back. This contingency should be all the more carefully guarded against, 
because, during the ascent, the reverse current of water through the rod, 
allowed by the non-seating of the valves, would probably clear away the 
obstructions, and thus the rod might come to the surface with every ap- 
pearance of having worked well, when in reality the specimen of water 
within would be of no value whatever. 

On board the “Blake,” when we wanted bottom water, a .water-cup 
was used and fastened two or three fathoms, according to depth, above 
the sinker or rod. The water-cups will be described hereafter. 

During our first three years we used the rod known as Capt. George 
E. Belknap’s sounding-cylinder No, 3, with the difference that the Sigsbee 
detacher was added in place of the single hook, and that a device was 
applied .to overcome the objections to a flat-headed cylinder for use with 
sinkers fitted with iron bails or slings, of whigh more will be said here- 
after.* 

For desoription and drawing of the original cylinder No. 3, see “Deep-sea soundings in the Paci6c 
Ocean, obtained in the United Statee Steamer ‘Tuscarora’ by Commander Qeorge E. Belkuep, U. 8. N.” 
U. 8. Hydrographio Office Publication, No. 54. 
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FIG. a. 

FIG. I .  MILLER-CASLELA TIIERMOMETRR CASE FITTED W I T H  SIGSREE'S SPRING CLAMP. 
FIG, z. SOUNDING ROD ; 1). SLIGHT hlODIPICATION O F  CAPTAIN RELKNAP'S SOUNDING CYLINDER NO. z, 

WITH SIGSBEE'S I)EI'ACHISR. T H E  CONSTRUCTION IS SHOWN ON PLA'I'E 39. 

Hcliotypc Pritrtikr Co.. azo Dewonskirt St.. Boston. 
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In this rod the arrangement for getting a bottom-soil specimen con- 
sisted of an auger-shaped spindle terminating in a conoidal cup. A 
cylinder which was kept above the auger in the descent fell down and 
inclosed it on detaching the sinker. This did remarkably well for bring- 
ing a specimen from soft bottoms, which was all that Captain Belknap 
claimed for it, but as our expectation for finding sand, shells, or coral 
increased, something different appeared to be necessary. 

It is not always possible to foretell the consistency of bottom-soil 
specimens, and when, therefore, it is surmised that it will be varied over 
the locality to be sounded, a rod should be used which will probably give 
at least slight evidence of any bottom composed of fine loose material. 
In order to determine on some good shape for a specimen-cup-that part 
of the rod which gets the specimen-I supplemented lily experience by 
experimenting with a number of devices in wet sand, which is one of the 
most difficult of bottom materials to bring up with a sounding-rod.* 

The result of my experiments showed that a simple cylindrical pipe, 
open at both ends, could be plunged far into the sand, which, however, 
resisted the blunter forms to a degree that precluded their adoption. 
Here was a suggestion-to shape the specimen-cup as nearly as possible 
like an open cylindrical pipe; to drive it into the bottom material, and to 
retain the inclosed specimen. Captain Belknap’s sounding-cylinder No. 2 
seemed to answer the demands better than anything else, the poppet-valve 
being, to my mind, preferable to the butterfly-valve which is sometimes 
used. Accordingly, cylinder No. 2 was modified by me in some respects, 
and fitted with the Sigsbee detacher, after which it was brought into ser- 
vice on board the “Blake” (Plates 2 and 3). The spring, the cone top, 
and the fittings for permitting the escape of water are changed somewhal. 
froin Captain Belknap’s plan, but their operation is, in effect, about the 
same. It is not intended that this rod shall get a specimen of the bottom 
water. 
,- - 

* I have sometimes seen repeated trials with a fifty-pound lead, armed witli a Stellwagen cup (Plate 6)) 
fail to get a single grain of material from bottom known to be only of eand, the depth being only four or five 
futhoms. 

G D S  



42 DEEP-SEA SOUNDING AND DREDGING. 

DESCRIPTION OF THE MODIFIED BELKNAP’S SOUNDING-CYLINDER NO. 2, FITTED WITH 

SIGSBEE’S DETACHER. 

(Plate 39.) 
The cylinder A (Figs. I, 11, 111, and VI), with a screw-joint at B 

(Figs. I, 111). 
A casting, composed of the upper and lower cylindrical guide-stems 

C, C (Figs. I, 111, IV, V, VI) and the perforated plate J (Figs. I, V, VI), 
rigidly attached to the upper part of the cylinder A. 

The valve-seat E (Fig. I). 
The poppet-valve F (Figs. I, 11, and 111), rigidly connected with the 

The weak spiral spring H (Fig. I). 
The hollow cone I (Figs. I, 11, 111, IV, VI), to the bottom of which is 

soldered the smooth cylindrical ring D (Figs. I, V, VI). 
The apertures P, P, &c., for the escape of water (Figs. I, 11, 111, V, 

and VI). 
A detacher composed of the swivel K, the pawl L, the tumbler M ;  

and the spring N, of No. 14 American gauge-or  No. 15 Stubbs’s gauge- 
spring-brass wire (Figs. I, 11, 111, IV). Every part of the rod and detacher 
is of brass.* 

In connection with the above is used the iron shot-sinker Q ,  fitted 
with the iron-wire bail R (Figs. I, 11). 

pipe G (Fig. I) which travels loosely on the lower guide-stem C (Fig. I). 

WORKING OF THE ,SOUNDING-ROD. 

(Plate 39.) 
During the descent, the cone I is kept up by the shot as shown in 

Figs. I and I1 (see also Plate 2), and on striking bottom the bail is pre- 
vented from getting over the top of the detacher by the bearing which the 
shot has under the cone. 

* The idea of leaving the ainkar on bottom in deep caste wan f int  put in acceptnble mechanical shape 
by Passed Midshipman John M. Brooke, TJ. S. N., now Professor Brooke, of the Virginia Military Institute. 
The leading feature of his device was a rotating hook. Since writing the above it haa been claimed for him 
tliat my detacher is  a modification of his, n poiiit which I willingly concede. Altliough in designing my form of 
tletnclier I Iiad 110 tliouglit of modifying tlint of Brooke, yet, Iind I uot been fnmiliru. with tlic, latter, tho peculiul* 
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C 
D 

On reaching bottom the slacking of the wire-or ,  more strictly, its 
diminished tension-allows the tumbler of the detacher to trip, and the 
shot is then free to slide off the cylinder. The tumbler is kept back by 
the spring wire N, and cannot reliook the bail, Fig. 111 (see also Plate 3). 
The resistaiice of the bottom material raises the poppet-valve, thus allow- 
ing the specimen to pass into the cylinder, a free escape of the water from 

. . ... . .. ... 

shape of the former might not hnve suggeeted itself to me. In fact, there is no sounding-md-na I have defined 

\ -  

.a 

I* 

the term-that is not a moditicatiou of Brooke’s rod in one respect or another. 
By com- 

pnring the cut with Plate 39 the extant of my modification m y  
be seen, while the explanation on tlris page will sliow how 
carefully the form of the Brooke detacher wae etudied by the 
inreutor in order to adapt it to the requirements of sounding 
with I-ope. The explanation is taken almost verbatim from 11 

pnniphlet published by the Bureau of Navigation, Navy Depart- 
ment, in 1868. entitled “Qeneral Iustructions for Hydropaphic 

“A is a shot, oust with a hole tliroiigli it, and sliylit 
grooves on ita sides to receive and steady the sliiigs. B is a rod 
to which is attaohed an a m ,  C, moving verticallp about the 1)iii 
D, nnd from 1v11ic11 the shot A is suspended by slings. Tlie lower 
end of tlie rod I3 is tubulnr, receiving the barrels of seven11 goose- 
quills open at bot11 ends, with the out downwnrd, retaining their 
places by their elasticity. At the top of the tube is a vulve of’ 
thin leather opening outward; it peymits tlie water to flow tlirough 
tlie quills as the rod descends, but, closing as it is drawn UP, pre- 
serves the specimens intrct. 

“The proportions of this instrument ai*e sucl~ that wlieu 
the shot is suspended from tlie arm C, the point of contact Z, 

the point of suepelision y, and the poiut of resistance Z, nll lie 
in the same vertioal line; the weight of the rod H will then give 
the a m  C a slight inclination, which, with the fi4otiou of the 
water on tlie line holdiug it bnck, gunl’d~ against premature 
detachment. 

“It is obvious that tlic seueitiveueee of this detnoliing 
apparatus mill depend upon the relntive position of theee ‘three 
points; for the arm C may be regarded as u lever of the second 
order with its fulcrum ut D ; the grnvity of the shot as tlie power 
acting upon the resistnuce of the line. So that by Increasing or 
diminishing the distance of the ring H fiwn the pin D tlie detnoli- 
ment is rendered more or lesa diffloult. In  order that oliauge of 

I give here a mood-cut of’ Brooke’s apparatus. 

Df 
sUI’vey01’81” &a. 

/ 
A 4 

position in the arm C, ns it  yields to the pull of the shot in the 
aot of detaohing, may not iuterfere, it  is so made as to permit the 
ring to slip back as the arm inelines.” 

This detncher, I thiuk, would be too sensitive for use with wire. I purpoeely gave mine a forni to insure 
againet premature dehchment and to permit the rod to penetrate well iuto soft-bottom material. Commnnder 
Bartlett repoporte that in the !250 omts taken by him with shot, using the Bigebue detncher, there wan uot a single 
fail uro 

U.-BltooKE,s sOuN1,ma-nou 
DETACHER. 



& DEEP-SEA SOUNDING AND DREDGING. 

the latter being provided for by.the apertures P, P, &c.O On hauliug 
back, the valve drops to its seat, or is forced back by the spiral spring H, 
and the cone falls, dosing the upper apertures against a current of water 
through the cup. When the rod is recovered the specimen-cup may be 
unscrewed for extracting the bottom material (Plate 3) .+ 

*Experiment hae shown of late that it would be nn improvement to do away with the etud which projects 

w 

- -  
from the lower part of the poppetvalve, leaving the 
under surface of the valve smooth. 

t I give herewith a wood-cut showing, in sec- 
tion, the original cylinder No. 2 by Captain Belknap. 
Although the use of a poppet-valve in a specimen-cup 
is not original with Captain Belknap, my intention 
w a ~  directly to modify hie cylinder. The dcscription 
already given of the modified rod will suffice to explain 
the original. I had nt tirat only referred to a publica- 
tion wherein a drawing of the original No. 2 might be 
found, but since Captain Belknap has stated that lie 
doee not think .my changea improvements, it  seems 
due t o  him that his cylinder should be given R graphic 
representation on these pages. It is also proper that 
the alterations should stand or fir11 according to their 
merit. 

The changes made by me in the rod proper 
or cylinder are, briefly, as follows : Substituting a 
cone top for thnt shown in the wood-cut; dispensing 
with the inside water.vnlve ; enlarging tho specimen- 
aperture and poppet-valve ; giving the bottom of the 
cup a sharper bevel; employing a spring of greater 
diameter in order to get more elastic movement; 
making provision for the escape of water at the 
moment of impact. 

In  the original there is no escape for water from 
the small cylindrical chamber in which the stem of 
the poppetvnlvs is guided, excepting what may take 
place wound the valve-stem. In deep water, owing 
to pressure, the valve-stem hns above it, in its cham- 
ber, a practically incompressible column of water and 
a highly compressed column of air resisting the l i R  
ing of the valve; hence nn escape must be provided. 
This may be done by perha t ing  the guide-cylinder, - 
or by slightly filing away a side of the valve-stem; 
but I have changed the form of the apparatus consid- 
erably in this respect, chiefly to get a more effective 
epring. 

The testimony of records i'e in favor of the 
modified rod, but with the wood-out awdable it 
would be eaay to construct either rod that might be 
preferred. 

, 

c.-mLI(NAp BOUXDINQ-CYLINDER NO. 2. 
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NOTES ON THE CONSTRUCTION OF THE SOUNDING-ROD. 

(Plate 39.) 

The Sigsbee detacher was used by us for nearly all soundings in 
which the sinker was left on bottom, the few exceptions occurring during 
the early part of our first season and in experimental trials with other 
devices. It was so highly appreciated by the officers who used it that 
most of thein would appeal from instructions to use any other. When 
properly made it is, perhaps, as little liable to fail as an ordinary pedes- 
trian is to stumble, but the drawing should be followed strictly in the 
construction. The following points should receive attention in  the inan- 
ufacture of the detacher and cylinder : 

I. The pawl and tumbler are made to fit each other in such a inan- 
ner that, when connected and under strain, they are held undeviatingly 
as shown in Figs. I and 11; that is, the wire is in the prolongation of the 
axis of the rod. If this be not observed the relation of the leverages of 
the pawl and tumbler will be destroyed, and the detacher may be too 
sensitive, besides which the rod may incline to a degree that will act 
somewhat against a vertical descent. 

11. That part of the lip of the tunibler on,which the bail of the shot 
rests should have tlie edges beveled or rounded, otherwise the edges niay 
be broken up and spread, thus preventing tlie tumbler from Iiehig thrown 
back between the side pieces. Thin washers put on either side of the 
tumbler and pawl would probably be an improvement. 

111. All parts should work freely. 
IV. The bottom of the specimen-cup should have the proper bevel; 

if too sharp it may retain but a sniall specimen, and if too blunt tlie rod 
may not penetrate firm material. 

V. The spiral spring H should not be so strong as to prevent soft 
bottom material entering the cup; its strengtlb shoicld be syficient, when the 
rod i s  lying f l a t ,  to force the valve smartly to i ts  seat whm the valve i s  pushed 
inward and released, a d  yet not. stroily eizozqh to seat it by about olte inch 
when the rod is heM bottom tywards. The springs for the “ Blake’s ” rods are 
of No. 17 American or No, 18 Stubbs’s gauge spriizg-brass wire; they are 
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three inches in length when not under compression, and have twelve coils 
each. Any spring thus made could easily be adapted to the requirements. 

VI. If desired, the rod might be made considerably lighter for very 
deep work, the present size of the detacher being retained. On the scale 
of Plate 39 the rod and detacher are strong and handy, weighink five and 
one-quarter pounds. The size of the specimen sought should have much 
influence in determining the size of the rod. If only an i,izdicatioia of the 
bottom material were wanted, no specimen for careful examination being 
needed, a rod weighing only two or three pounds would suffice. 

REQUIREMENTS FOR A PERFECT SOUNDING-ROD. 

The following might be added to the list of requirements for a perfect 

I. Certainty of not detaching the sinker during the descent. 
11. Certainty of detaching on striking any character of bottom. 
111. Certainty of not rehooking or of .fouling with the sinker, in any 

IV. Adaptability to getting a specimen from the various kinds of 

V. Certainty of not grappling irretrievably ivith the hottom. 
VI. Certainty of retaining the specimen against the wash of water in 

VII. Handiness for extracting the specimen and for cleaning the parts. 
VIII. Freedom from changing its form under the severe pressure in 

IX, &c. Strength, simplicity, cheapness, light weight, and freedom 

sounding-rod : 

way, after the same has once been tripped. 

h t t o m  material. 

the ascent. 

deep water. 

from corrosioni 

GEKERAL REMARKS ON SOUNDING-RODS AND DETACHERS. 

In general there are two ways of effecting the detachment of a sinker 

I. By the actual or partial slacking of the sounding wire or rope. 
11. Directly by the impact of the rod against the bottom. 

from its rod : 
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Of these two methods the former is regarded as the safer, but some- 
times both are involved in one detaching apparatus. 

A detacher which depends for tripping solely on the resistance of 
the bottom material is usually more sensitive on hard than on soft bot- 
tom; also, should the sinker glance 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 holds the sinker in place. 

The action of the original detacher by Brooke was based on the 
diminution of the tension on the line. This is the principle applied in 
the Sigsbee detacher, and, indeed, in almost all others approved by per- 
sons of experience in deep-sea sounding. 

That detacher must be very objectionable which will drop the sinker 
before bottom has been reached. In tests made with the Sigsbee detacher 
and a fifty-seven-pound shot-sinker it was found that the latter did not 
fall until the wire had been released from all but eight pounds of the 
weight of the sinker, yet this result always follows when the wire is 
slacked or " rendered '' less than one inch. This shows the right kind of 
sensitiveness and gives assurance that the rod will find an entrance into 
most sea-bottoms. 

In sounding with wire it is so important that there should be no fail- 
ure of the sinker to detach Qn deep-water bottoms, that I am constrained 
to dwell still longer on this subject. In order to show how accidents in 
this regard may be brought about, Plate 4 has been prepared. By taking 
various other rods in consideration the cases might be much extended. 
It must be understood that I have in mind the use of the iron bails or 
slings adopted by the.Navy and by the Coast aiid Geodetic Survey. 

Fig. 1 shows an assumed case wherein the sinker and rod are imbed- 
ded in mud. The- bail has been tripped by the single-hook detacher, but 
the resistance of the mud holds it in an upright position. The sinker, 
supported by the mud, does not drop clear, and on hauling taut the sound- 
ing-wire the detacher rehooks the bail. The case applies to a number of 
forms of detachers, but this accident would be much less liable to happen 
were the sinker suspended from the hook by a rope-sling composed of two 
independent legs, each going over the hook with n ring. 
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In Fig. 2 the sinker and rod are supposed to be wholly covered with 
mud and at rest in the position shown. Although the sounding-wire is 
slack the pawl of the iletacher does not fall because of *the resistance of 
the mud; and there is no pull from the sinker to force it down. This 
applies to a number of rods. In the Sigsbee detacher the spring N, Plate 
39, is intended to meet this contingency as one of its functions. 

Fig. 3 shows what has often occurred with us, experimentally and in 
actual work, when there was a flat top to the cylinder of the sounding- 
rod. The bail has tripped, but has fouled on the cylinder-head. 

Fig. 4 shows what may happen when there is no provision for pre- 
venting the cylinder from getting furtherwithin the sinker than is desirable. 
That this is possible has been proved experimentally. It could not come 
about with projecting heads or caps like those showii in Figs. 3 and 5. 

Fig. 5.-This accident is possible when the rod is constructed to 
admit the specimen from the side. The sinker has tripped, but has fouled 
on pi'eces of coral, rock, or gravel protruding from the specimen chamber. 
This has been proved by experiment. 

Fig. &-The sinker has tripped, but has fouled on a specimen-cup. 
The accident shown in Fig. 5 may also happen with this arrangement. 
Both cases have been proved. 

Some of the contingencies illustrated are, very remote, it is true; but 
by providing against as many as occur to the mind, we not only narrow 
down the list of possible failures, but when accidents then happen we are 
better able to find the real cause by having previously limited the field 
of investigation. 

HEAVY SINKERS FOR DETACHING. 

The sinkers now used on board the"Blake," in connection with sound- 
ing-rods, are cast-iron eight-inch shot, with a hole of sufficient size to give 
a clearance of one-sixteenth of an inch all around the rod, and weighing 
about sixty pounds each (Plate 39). They are cast at the Washington Navy-. 
Yard of old scrap material not suitable for ordinary purposes, and cost 
$1.75 each. On those sent us were small lugs or loops-for securing the 
iron-wire bail, or sling-in place of the side holes shown in the plate. The 
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lugs being cast with the shot, the brittleness of the metal was such that 
after a few months of stowage niaiiy of the lugs were found to be broken. 
In order to avoid trouble of that kind, I proposed holes in whicli to make 
fast the ends of the bails. To replace the wire bails tliat came adrift 
through the breaking of the lugs, we at first used single rope slings as a 
inake+hift, but this causing accidents like that illustrated in Fig. 6, Plate 
&for at the time we were using a specimen-cup of the pattern shown in 
the figure-we improvised wire bails, which did well. An advalitage with 
a stiff-wire bail is that it will keep its shape from the surface to the bottoiii 
and after tripping, while with a rope sling in one piece we iiiay expect 
shrinkage when it becomes wet, aiid possibly dangerous twisting when it 
is released from teiisioii on striking liottoiii. In Plate 39 we will suppose 
the rope sling to exactly fit over tlie tumbler when tlie shot aiid cone top 
of the cylinder are up as far as they will go. This is the state of things 
when the rope is dry, but wlieii the sinker is lowered into the water the 
sling shrinks and bears down on the tumbler in a way iiot provided for. 
From this it will be seen that rope slings wlieii employed with a cylinder 
having a projecting top should lie of a length to allow for shrinkage, and 
should be iiiade wet before theyeare hooked to the cleti\chel*. All seaineii 
know, iit least in ;i general way. the power developed by the shrinkage of 
rope after beiiig inade wet. 111 securing the ends of bails to side holes in 
the shot, as shown 011 Plate 39, care should lie taken ihat the fit be loose 
enough to allow tlie hail to fall clear by its owii weight on tripping. 
Although this is iiot necessary with the Sigsbee-Belkiiap detacher aiid 
cylinder, it is a very proper precaution. A double rope sling is much less 
liable to foul than ;L singlc one of the same niaterial. There has been soiiie 
objection liiiide to the use of ii-on-wire bails, because they do not always 
fall cleiir in soft mud or clay (Fig. 1, Plate 4). The trouble is liot with the 
iron bail, but lies in using it with a rod I io t  adapted to it. We used these 
bails for four years and approved them highly-in f'act, we regarded their 
adoption as a decided advance. 

While on the subject of detacliiiig, it is well to itlention tliat tlie edges 
of the metal, around the cylindrical hole iii the shot, sometimes hecoiiic 
bent iiiwarcl by rougll usage in stowage or transportation; hence ai1 

7 D S  
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additional need of a large clearance. Every shot taken from the lockel 
for use should be examined and fitted to the rod immediately hfter being 
brought to the upper-deck. A slight beveling of the metal at  the exposed 
edges, in the manufacture, would prevent mishaps in this relpect. 

Should heavier sinkers than those used by us become desirable, the 
rod (Plate 39) has ample length to admit of carrying a mdch larger shot. 
Probably the deepest cast with wire might be taken with a sitty-pound shot, 
excepting in very strong currents or heavy seas, when a heavier weight 
would give results more trustworthy. CertainIy seventy-five pounds of 
metal should suffice for any possible case. With a stdhmer, economy of 
time might effect a great saving of coal and of general outlay which could 
not be offset by an occasional gain of a few pound9 of old iron, hence 
considerations of economy might vary the plan of operations for different 
vessels. As a rule, a sixty-pound sinker 'may be pronounced a heavy one 
for wire sounding, and one that will give rapid work up to 3,000 fathoms 
or'3,500 fathoms. In fitting out with heavier sinkers it should be renieni- 
bered that the proportion of depths to be sounded eftceeding 4,000 fathoms 
is small in comparison with the lesser ocean-depths requiring examination. 

T H E  GAS-PIPE SOUNDING-ROD# 

There were occasions, in deep water, when We did not wish to save 
a specimen of the bottom soil. At such times w(! often used a simple rod 
made from a length of I-inch or %-inch gas-pipe, to which was screwed a 
Sigsbee detacher. This would bring up a few particles of bottom material, 
just enough to show the color. It presented very little su~face to resist- 
ance in hauling back, and was of such light weight that we gained tinie 
by its use. If the wire parted, we lost nothing of value hut the submerged 
wire and the detacher. With a rod of this kind, to make sure of tripping 
at once on striking bottom, the lower end of the gas-pipe should project 
through the shot at least a foot; an arrangement which will also provide 
against the bail or sling getting above the detacher. The lower end of the 
pipe may be plugged and armed with tallow, or a ball of rubber or metal 
being slipped inside the pipe the edges of the metal at that end may be 
rounded inwards so as to retain the ball as a valve. In the latter case a 
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couple of small holes for water-escape should be bored through the pipe 
just below the detacher. With a similar instrument, when falling short of 
shot-sinkers, we have sounded successfully with old grate-bars, an old ash- 
bucket filled with fire-bricks, &., leaving these weights on bottom. Almost 
any piece of old scrap-iron, of elongated form, may be made to serve as a 
sinker by fitting a rope grommet transversely around it at each end, like the 
single strap of a block, and leaving a free eye or becket in each grommet 
through which to pass the rod. For the sling or bail, wire would be best. 

LIGHT-WEIGHT SOUNDING-LEAD FOR RECOVERY. 

When, in sounding with wire, circumstances were favorable to the 
recovery of a sinker, we used a soundingrlead of the common commercial 
pattern, to which we fitted a Stellwagen specimen-cup (Fig. 2, Plate 6 ) .  
The combined weight of the lead and cup was about thirty-four pounds. 
With this kind of sinker we took the greater number of our soundings 
.with wire, especially after getting on board a sounding-machine giving us 
the advantage of an accumulator (Plate 7). The hauling back was always 
done by steam. The lead and Stellwagen cup are not the best that could 
be devised for the purpose, as the specimen is sometimes washed out in 
the ascent and the lead is not of the best shape poqsible. Fig. 2, Plate 6,  
gives a clear representation of the apparatus, which may be described as 
follows: A wrought-iron spindle, sunk for a part of its length into the 
sounding-lead, has a detachable conoidal cup screwed to its lower end. 
Sliding freely on the spindle, between the lead and the cup, is a leather 
washer, which is raised by the resistance of the water in the descent or 
by the resistance of the soil on striking bottom. On the ascent, the washer 
falls by its own weight, or by the resistance of the water is forced down 
upon the cup, thus inclosing the specimen. We generally used a second 
washer, of lead or iron, above the leather, and sometimes adopted a sug- 
gestion by Lieut. R. D. Hitchcock, U. S. N., which was to gather and seize 
a piece of muslin around the spindle above the washers, allowing its folds 
to drape down around the washers and cup nearly to the' bottom of the 
latter. This was intended to prevent a current of water between the 
spindle and the washer. 
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While much ingenuity has been displayed in designing combined leads 
and specimen-cups that may be operated when it is intended to recover 
the sinker, there is nothing known to me that I think altogether acceptable 
for use with wire, and on all bottoms. It should be remembered, when con- 
sidering the requirements for such a device, that it would be the one most 
often used in depths varying from 100 fathoms to 1,000 fathoms, between 
which depths all characters of bottoms are met with-such as sand, shells, 
gravel, coral, rock, clay, and mud or ooze; also that by retaining the 
sinker the whole force of impact due to the weight and velocity of the 
sinker at  the instant of striking bottom is brought to bear on the specimen- 
cup, and unless this crushing-force be provided against the cup may become 
injured by a blow on rock or other hard material. 

More will be said hereafter about hauling back the sinker. 



C H A P T E R  I 1 1  

THE SOUNDINQ-MACHINE AND ITS USE. 

DESCRIPTION OF THE ORIGINAL SERVICE MACHINE FOR SOUNDING WITH 
PIANO-FORTE WIRE. 

To illustrate in what respect changes were made by me in the sound- 
ing apparatus, an explanation will be given of the machine we first used, 
which was practically the same as those originally issued for general use 
with the sanction of Sir William Thomson (Plate 6). 

A reel having a drum one fathom in circumference (less the sinal1 
allowance for the diameter of the wire) and with a V-shaped friction-score 
at the side is rigidly attached to its axle and mounted upon standards. 
On the axle is a worm which engages a counter or register, to mark the 
revolutions of the reel. The wire, which is wound about the drum, pays 
out directly from the reel-through a fairleader or clamp on tlie forward 
end of the bed-board-into the water. In rear of the reel, and on the 
same side as the friction-score, is a dynamometer-pulley or wheel having 
two scores, which we will call the wide score and the narrow score, respect- 
ively, This is mounted in a special standard, fromwhich it may be removed 
at will. For paying out wire, an endless rope-belt, called the brake-cord 
or the friction-rope, is passed somewhat more than half around the friction- 
score of the reel, thence one whole turn around the wide score of the 
dynamometer-pulley, and through a tail-block to the rear. The pendant 
of the tail-hlock-or, more strictly, pulley-being rove through a standing 
block, supports weights to tighten the friction-rope.* The narrow score of 

* Captain Belknap introduced the uBe of weighta for puttirlg stmin iipon the fi*iction-line, a tnckle having 
previouely been employod for that purpoee. 

63 
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the dynamometer-pulley is connected with a spring-scales by a tangent wire 
or cord in such a way that the traveling of the belt can turn the pulley on 
its axle only to the extent permitted by the resistance of the spring-scales. 
When the reel is set in motion, the retardation of the belt on the dyna- 
mometer-pulley places a resistance upon the reel that can he regulated 
by weights at  the tail-block. The scales are intended to show, approxi- 
mately, the amount of resistance applied to the reel by means of the belt. 

The words of the inventor are quoted to explain the action of the 
machine : 

“The  wire is coiled ou a large wheel (of very thin sheet-iron galvanized) which is made na light as 
poeaible, so that when the weight reaches the bottom the inertia of the wheel mny not shoot tlw, wire out 
so’fnr as to let it  coil on the bottom. The avoidance of such coiling of the wire oil the bottom is the 
‘chief condition requisite to provide against tlie possibility of kinks; and for thin renaon a short piece of 
hemp line, about five fathoms in length, is interposed between the wire and the sounding-weight; so that, 
although a little of the hemp line may coil on the bottom, the wire may be quite prevented from rench- 
ing the bottom. A galvanized-iron ring, of about hnlf n pound weight, in nttnclied to the lower end of 
tlie wire, so as to form the coupling or junction between the wire and the hemp line, and to keep the wire 
tight when the lead is on the bottom and the hemp line in nlackeued. Tlie art of deep-sea sounding is to pnt 
such a rehtnnce 011 tlie wheel na shall secure that the moment the weight reaches the bottom tlie wheel will 
stop. By ‘the moment ’ I menu within one second of time. Lightness of the wheel is necessary for this. 

‘ I  A measured resistnnce is applied eystematically to the wheel, always niore thun eiiough to balance 
the weight of wire out. The only failure in deep-sen sotindings with piano-forte wire, hitherto made, lina been 
owiiig to neglect of thin essential conditioii. Tlie role adopted in practice is to apply resistance, always exceed- 
ing by 10 pounds the weight of the wire oat. Then the sinker being 34 pound8, we Iiovc 24 pouuds weight 
left for a moving force. That, I have found, is amply sutiicient to give a very rapid d e s c e n t n  descent 80 

rapid that in the coarse of hnlf an hour or fifiy miiiutee the bottom will be reached at  a depth of 2,000 or 3,000 
fathoms. The person in charge watches-a counter, and for every 250 fnthoms (thnt is, every 250 turns of the 
wheel) he adds such weight to the brake-cord as shall add 3 pounds to the force with which the sounding- 
wheel renists the egrew of the wire. That ninkes 12 pounds added to the brake iwistance for every 1,000 
fathoms of wire run out. The weight of every 1,000 fathoms of the wire iii the air is 14+ pounds. In water, 
therefob, the weight is about 12 pouuds; 80 that, if the weight is added at the rate I liave indicated, the rule 
stated will be fulfilled. So it is arranged that when the 34-pound weight reaches the bottom, instead of there 
being a pull, or a moving force, of 24 pounds on tlie wire tending tu draw it through the water, there will 
suddenly come to be a resistance of 10 pounds against its motion. A slight running on of tlie wheel-one turn 
at  the most-and the motion is stopped.”* 

* Sir Wiliinni Thomson was the first to discnrd tlie method, already described, of weigliiiig the 
resistmice up011 the reel. 111 Cnptniii &lkiinp’8 Pacific work a record .wna kept of tho dyiimno,meter read- 
ings, and a number of cases nre foulid wherein the sinker struck bottom, when, crccording to the dyna- 
nwmefer, the resistance up011 the reel wna leas tlian the weight of the submerged wire. The dynn- 
niometer rending8 in such cues must have been erroneous, otherwise the reel would not have ntopped; 
but since the reel, in fact, did give iinmedinte evidence of the arrival of the sinker on bottom, it muat 
Iiave been thnt there wna resistaiice upoii the reel not shown by the dynamometer. Tlie resistaim iipoii 
the reel not iiidicnted by this dynamometor arrangement is probably due to the following causea: Fric- 
tion of nxles or pivots; fiiction of the working parts of the scales on account of the horizontal posi- 
tion of the latter; stiffieas of the brake-cord at the several changes of direction; and the occnaional 
chafiiig lrgaiust euch other of the two pane of the oord moving iu different direotions on top of the 
d?.uamoiueter-wlieel. Ou board the “ Tuacsrora ” tbc error was somewhnt increased perhaps by tnking 
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Notwithstanding its immediate success under the supervision of the 
inventor, and its complete triumph over rope under the management of 
Captain Belknap, in his great Pacific work, when used for the first time in 
actual service, it is not surprising that even this simple and admirable 
machine should have been thought open to modification or improvement, 
to suit the varying conditions of prolonged work at sea. Sir William 
Thomson cordially invited improvement, and he, himself, gave it quite a 
different form, with additional parts to prevent the crushing of the reel 
and to admit of the vessel steaming ahead while hauling in the wire. In 
describing his experience when reeling in at his first sounding with the 
original machine, he says: 

“After nbout 1,000 fathoms of wire bad been got in, the wheel began to show signs of distress. I tlien 
perceived for the first time (nnd I felt much ashamed that I had not perceivd it sooner) that every turii of 
win, under a pull of 50 pounds must prese the wheel oil the two sides of any diameter with opposing forces 
of 100 pounds, and thnt, therefore, 2,240 turns, with an average pull on the wire of 50 pounds, must prese 
the wheel together with a force of 100 tons, or else somnthing must give way. I n  faot, the wheel did give 
way, and its yielding went on to EUCh nn extent that when 500 fathoms of wire mere still out, the entllese 
cord which bad been used for hauling would no longer work on it8 groove.” 

ATTEMPTS TENDING TOWARDS THE IMPROVEMENT OF THE SOUNDING-REEL. 

The galvanized sheet-iron reel was soon abandoned by Americans 
because of its weakness, and because Captain Belknap had given the 
opinion that a heavier reel might be employed. The Navy at  first made 
a brass reel, weighing, when equipped with worm and ratchet-wheel, 
about eighty-seven pounds. That proved’ to be too weak for depths as 
great as 2,000 fathoms, and it was also supposed that a galvanic action was 
set up between the I~rass reel and the stbe1 wire. The Navy then made a reel 
in which a cast-steel druni and friction-score in one piece were shrunk upon 
a cast-iron wheel of twelve spokes. This reel is still in use, but, in my opin- 
ion, is much heavier than it need be. It weighs about one hundred and 
fifty-five pounds when equipped, whereas the original galvanized sheet-iron 
reel weighed, when similarly fitted with worm and ratchet-wheel, but twen- 
ty-seven pounds. When the “Blake” was provided with the Navy steel 

the tail-block a long distance to the real’. The scale8 ueed may have haen graduated wlren tliu axis of the 
spring wne’vertical; if so, the so ale^ would have regisbred a trifle too low with the axis horizontal. I thus 
notiae the iniperfeotions of this dynamometer, bwauee there etlll exiRts n inistnkeii opinion tliut it is very IICCII- 

rate, notwitliatnndiny its obandonmrnt by Sir William Thomeoil. 
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reel, we at once removed every alternate spoke and turned down other 
parts, reducing the whole weight about thirty pounds. For paying out 
in a heavy sea the advantage of speed, combined with safety, was ob- 
viously with the lighter but weaker brass reel. From our experience I 
was convinced that a reel could be devised which would combine lightness 
for paying out with enough strength to resist the accumulated crushing 
force of reeling in, thus permitting the abandonment of accessories for re- 
lieving the reel from a part of the strain when reeling in froin great depths. 
In a late form of the apparatus, by Sir William Thomson himself, this 
dangerous accumulated strain is avoided by taking a number of turns of 
the wire around an auxiliary or strain pulley, from which it is passed to 
the reel with the tension very much reduced. 

The new steel reel, Plates 16 and 17, was designed with a view of test- 
ing the practicability of my views, and the very severe test which it has 
withstood seems to indicate that it will suffice for the purpose intended. 
The new reel will be fully described in this chapter. When we consider 
that the reel and its coil of wire really constitute a fly-wheel, which by 
its weight and rapid revolution gathers considerable momentum, we can 
readily see why a light reel possesses an advantage over a heavy one for 
paying out wire in deep-sea sounding. The momentum of a heavy reel 
becomes an antagonistic feature of rnuch importawe at the instant the 
sinker strikes bottom, when the reel should stop quickly; and likewise at  
times when the sudden downward motion of the vessel towards the side 
where the machine is set up is liable to admit, for il second, of a more rapid 
paying out of the wire than the submerged weights will take off the reel 
under tension. If the wire slack, several turns of it rnay fly from the 
drum, causing kinks and involving delay, if not loss. Since we cannot 
divest the drum of the weight of wire that it contains-which, however, 
becomes lighter as the process of paying out continues-and since the drum 
itself must have considerable weight that strength may be secured, it seems 
probable that a youenzor to control the niotion of the reel may be em- 
ployed to advantage. In the Sigsbee improved form of the sounding-rna- 
chine for wire, herein shortly to be described, it will he sliowii that ihe 
accumulator operates as a yovernor to check the momeiitum of the reel at 
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the right time when paying out wire, and that it performs the same function 
at the instant the sinker has reached bottom. 

THE STRAY-LINE AND THE METHOD OF SPLICING IT TO THE WIRE. 

The piece of rope mentioned by Sir William Thomson, as connecting 
the sinker with the wire to prevent the latter from coiling on bottom, is 
called the “stray-h‘ne.” We usually made our stray-line lei1 or twelve 
fathoms long and from any small stuff slightly less than one-quarter of an 
inch in diameter. The iron ring for joining it to the wire, inentioned by 
Sir William Thomson, proved a failure on board the “Blake.” As the 
.ring passed through the fairleader, on the forward part of the bed-board 
of the original machine, it was necessary to slow dowii the reel in order to 
avoid fouling the ring and thus parting the stray-line. .At such a time there 
would be only about eighteen inches of wire off the reel to sustain the ten- 
sion and torsion caused by the resistance and gyration of the sinker in the 
water, and the consequence was the loss of the rod and sinker on several 
occasions by the parting of the wire. In sounding from a large vessel this 
might not happen, but the rolling and pitching motions of the “ Blake” 
were so quick that we found it necessary to make a change, and we hit upon 
the method of splicing the wire directly into the stray-line, as shown on 
Plate 41. This permitted a rapid unreeling froin the first; no slowing down 
nor stoppage being needed as before. The objection to the ring in our case 
applied equally to reeling in. We used no weight at the end of the wire, 
although to do so certainly seems a proper precaution. I recomiiiend the 
use of a small weight for the purpose stated by Sir William Thomson. and 
suggest that several sinal1 pieces of lead, weighing in the aggregate one 
pound, be strung upon the stray-line as upon the roping of a seine, and that 
they be fastened at a distance of four or five fathoms from the end of the 
wire. Disposed in this way there will still be one or two fathoms of the 
stray-line upon the drum when the leads are passing through the fairleader, 
and then, should the reel be slowed down for the moment, any torsion, 
as found in our experience, will come upon the rope. Once the leads are 
through the fairleader the wire may be allowed to pass off quickly, and 

8 D S  
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torsion will be of no account after several fathoms of wire have been un- 
wound.* 

To splice the wire into the stray-liiie (Plate 41) make a single-wall 
knot in the latter, and whip the rope with twine for a half inch below the 
knot; tuck the end of the wire down through the middle of the single-wall, 
and complete the knot by jamming the strands, working close down to the 
whipping. Beginning close up under the knot take ten or twelve turns of 
the wire around the rope against the lay, then tuck it through under a 
strand and make another set of turns below the first set, this time with the 
lay of the rope; then tuck and repeat against the lay, and expend the end 
of the wire. Taper and whip the ends of the strands about the wire above 
the knot and the splice will be complete. These we used for nearly four 
years, and they are still used on board the “ Blake.” They have to bear only 
the weight and resistance of the rod, sinker, stray-line, and instruments 
fastened to the latter, and since one of them well made withstands the test 
of a heavy man’s weight, they are strong enough. I think it well that they 
should not be so strong as the wire itself, for should the rod or lead foul 
irretrievably on bottom, if all parts of the stray-line and wire were equally 
strong the latter would part just at the machine, where the greatest strain 
comes, while with one of these splices there would be a chance of parting 
at the stray-line. In fact, oiir wire was several times saved in this inanner. 

REMARKS ON THE SIGSBEE MACHINE FOR SOUNDING IVITH WIRE. 

The remarks and description which follow, concerning the Sigsbee 
sounding-machine, are taken mainly from a letter written by me to the 
Superintendent of the Coast and Geodetic Survey in 1876, which was after- 
wards published as  a Bulletin of the Museum of Comparative Zoology of 
Cambridge, Mass. (vol. v, No. €9, at the instance of Prof. Alexander Agassiz. 

In June and July, 1874, I read the reports made hy Captain Belknap 
to the Bureau of Navigation, Navy Departikieiit, detailing the working of 
the original Thomson sounding apparatus in the operations in the Pacific 
with the “Tuscarora,” in 1873-’74. While it was evident that this machine 
for sounding by means of wire gave remarkable results as compared with 

- - -- - -__ - - - -- - ._ - -  

a With tho Sigsbee sounding-machine no slowing down for the purpose stnted is necessary, altliuiigli the 
reel ehould not be allowed much speed until the weights UFB clew. 
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rope-sounding, its mechanical succese was apparently due in a great degree 
to the intelligence, patience, and skill of Captain Belknap and the officers 
who assisted him. . A study of Captain Belknap’s reports suggested to me 
the idea of improving the machine in order that it might be worked with 
fewer demands on the watchfulness and ingenuity of those having it in 
charge. Captain Belknap having been forced to reel in by hand, it occurred 
to me that if the wire were connected with ail accumulator, interposed 
between the reel and the sinker, to show the strain upon the wire at all 
times when reeling in, and to ease the sudden jerks caused by the oscillating 
motion of the ship, steam inight be applied for reeling in, and thus the 
labor and difficulty attending this operation by hand might be obviated. 
My views were coniinuiiicated to the Superintendent, who at once approved 
them. Under instructions from him, a machine having an accumulator 
was designed during the summer of 1874, and, as the drawings advanced, 
other ideas were incorporated with the original plan. From my drawings, 
a machine for experimental purposes was made in the winter of 1876’76 
(Plate 7). This was used for three years on board the “Blake,” and, as we 
had previously used the original Thoinson machine (Plate 6) for six months, 
opportunity was afforded for comparing. the relative inerits of the two. Some 
faults arising froni had mechanical arrangeiiient had first to be corrected 
in the Sigsl~ee experiinental inachiiie, after which, even under the most 
unfavorable circumstances of wind, sea, and current, it performed as had 
been anticipated. This inachiiie being experimental and open to such 
improveinents as experience might suggest, it was always intended, if suc- 
cessful, to replace it by one embracing these improvements. Accordingly, 
drawings were prepared during the suiiiiiier of 1876 to this end (Plates 36, 
37, 38), but, for various reusons not necessary to be recited, the machine 
was not iiiede uiitil just before my detachment froxii the survey, so that I 
have never seen it at work (Plates 8 to 16, inclusive). 

Since this book wag coinnienced Commander Bartlett, my successor on 
board the “Blake,” has used the new machine for six hundred and sixty- 
four casts, in depths from one hundred to 3,000 fathoms, many times under 
trying circumstances in trade-wind seas about the Windward Islailcls of the 
Caribbean Sea, Commander Bartlett and -others 011 board the “Blake” 
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agree in representing its working as wholly satisfactory, Among the 
“Blake’s’’ officers who have rendered these favorable opinions are those 
who have op’erated the Sigsbee experimental machine also, and one who 
has worked both the original Thomson machine and the Sigsbee experi- 
mental machine. It is highly probable that so small a vessel as the “Blake” 
must have been very lively in the seas she encountered during her recent 
cruise ; hence if a governor on the motions of the sounding-reel possesses 
any advantage, it must then have been needful on board the “Blake,” 
particularly as most of the work was done with a reduced Navy steel reel 
weighing, independently of the wire, at least one hundred and twenty-five 
pounds. Of the governing action of the dew or latest form of the Sigsbee 
machine the opinions cited were most favorable. 

I will state briefly that the experimental machine was the same in p r h -  
ciple as the new one, shortly to be described, but in the latter spiral springs 
have been substituted for the helical springs used in the former; there has 
also been added to the new machine a strain-pulley to prevent the crushing 
of the reel, and a swivel-pulley to admit of the vessel steaming ahead on 
her course when reeling in the wire. The idea of using these two pulleys 
was obtained from Sir William Thomson’s machine in its form as improved 
by him after Captain Belknap’s cruise, but Sir William Thomsdn’s mode 
of construction was departed: from in order to suit the different shape of my 
apparatus. The modification or improvement made by me on the original 
Thomson sounding-machine lies chiefly in the employment of a peculiar 
kind of accumulator, and its adaptation to the various uses of accumulator, 
dynamometer, brake, correct register, and governor. The accumulator 
eases the jerks that may be brought upon the wire while reeling in, and as 
a dynamometer it shows the strain upon the wire at each instant during the 
same operation. The brake gives a handy means of applying resistance to 
the reel without weights, and, with its attachment of spring scales, provides 
a second dynamometer, which, during the operatibn of paying out, shows 
the tension upon the wire and the resistance which the reel suffers. The 
brake, in connection with the accumulator, operates as a governor on the 
motions of the reel when paying out wire. The odometer, used as a register 
in a special place, gives, without interpolation, the amount of wire played out. 
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It may he stated, after four years’ experience in deep-sea sounding 
with wire in a small steamer, that these changes and additions, excepting, 
perhaps, the use of the odometer as cited, are desirable and of sufficient 
value in prolonged work to warrant their extra cost. With the experimental 
machine (Plate 7) , eight hundred and twenty-four soundings were taken 
in weather varying from calms to gales, and with scarcely any annoyance 
whatever. The latest form of the Sigsbee machine (Plate €9, being more 
compact and having less friction in its working parts, has been found to 
be more convenient. 

In comparing the original Thomson sounding-machine for wire (Plate 
6) with the Sigsbee form of the machine (Plate 8) the following points have 
been established. 

1. For reeling in the latter has the advantage at all times. 
11. For paying out when there is no distinctly perceptible rolling or 

pitching motion on the vessel, there is no gain worth mentioning, except- 
ing at the instant of striking bottom. 

111. When there is such motion the advantage is largely in favor of 
the new machine-greater in degree as the motion becomes excessive. 

IV. In handiness the comparison is always in favor of the latter. 
Before passing to a detailed description of the new machine it is proper 

to state that my efforts to improve the sounding-machine have been made 
in the interest of good work, and that the kind manner in which Sir Will- 
iam Thomson has been willing to receive co-operation in improving the 
apparatus has been very encouraging and gratifying, although nothing less 
could have been expected from that distinguished scientist. I have already 
stated that, in point of accuracy, the original form of the machine by Sir 
William Thomson was successful from the first, and it is particularly to 
be understood that the sufficiency of the original machine in that respect 
is fully recognized. 
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DESCRIPTION OF THE LATEST FORM OF THE SIGSBEE SOUNDING-MACHINE. 

(Plates 36, 37, 38.) 

The (A, Figs. I, 11,111, IV, and V) is, for convenience, one fathom 
in circumference of drum, less an allowance for the thickness of the wire; 
that is, the initial turn of wire taken around the bare drum measures 
exactly one fathom in length. At the side is a score, which is V-shaped in 
cross-section, for receiving the friction-line. The reel is rigidly attached to 
its axle by a key, and for each end of the axle a crank should be provided. 
The drawing was made from the Navy brass reel, the form of which is not 
now approved. (For another style of reel see Plates 16 and 17.) 

If the key by which the reel is attached to ita axle be made to admit of eaey removal, the axle may be 
withdrawn when the reel is  to be stowed in the tank of oil or lime-water. In this way a smaller tank may be 
used. For a description of the tank ordinarily used see Chapter 11. In the machine made for the “Blake” the 
axle reate on friction-rollers. This is not necessary, but it Rives a very smooth movement, and, by lessening the 
friction of the nxle, n more accurate indication of the amount of reeistance upon the reel, when paying out, is 
given by the readings of the two ecalee to be described hereafter. 

mre mgister fov the ~ m ~ . e  of tire Bee2 (B, Fig. 1) .-This is the same in con- 
struction as the register used by Sir William Thomson on the origii<al 
machine, but it is marked differently. (See drawing, Plate 38, on which, 
however, the thousands dial has been marked in tens where it should have 
been marked iii units.) A worm on the axle of the reel engages the gearing 
of the register. Since the record of the instrument gives only the revolu- 
tions of the reel-turns, not fathoms-a correction-curve (Plate 41) or 
other means of reduction must be employed in order to ascertain the true 
length of wire payed out at a sounding. For rz ready method of measure- 
ment see Odometer in the course of this description. 

mre meZiicn-iir oa.1~tmilr ~ t ~ e u  (C, D, E, Figs. I, IV, V).-Colnposed of 
three separate pulleys, C, D, and E;  the score E, for the wire; the score C, 
for a rope belt to connectwith the friction scoreof the ree1,if desired; and the 
score D, for a rope belt to connect with a hoisting-engine. The two belts 
are shown “ brought to” on Plate 13. For each end of the axle a crank 
should be provided. The axle is made in two parts, squared and slotted 
to clutch each other. That part which sustains the pulleys is free only to 
revolve in its bearings, while the other, besides revolving, slides in its bear- 
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ing in the line of its axis to admit of unclutching, that the wire and 
belts may be ‘‘ brought to” on the strain-pulley. (Fig. V.) 

Tlie scoi*ee C! and D slioiild b~ V-slinped i n  croee-section. “lie score E sliould he ronnded like the bowel 
of a ciipstuii or of n wiircli-liead. Since its use is only 
niixilinry, it being intended to relieve the ret4 of soiiie of tlie ciwsliinp forca which otherwiee iniwt be brought 
upon it wlieri Iiuuling in fi-oin pwi t  depth,  it8 reteiitioii would be without object if \vu had n reel autiafactorily 
nneweiing tlie conditions of weiglit a i d  Btiwigtli. An indicated by oiir expeiQieiire o i i  bourd tlie ‘( Blake,” one 
Iiinidred poulids inny be fixed upon ne the weiglit bt*yoiitl which i t  ie not iid\knhle to iunplifp the parte of n reel. 
This iiiclutles the uxle nnd tittings uiid iweuiiien a well-proportioiiud reel, but doea not iiiclitde the weiglit of tlie 
coil of wirc. Witliiii tliia limit. giwnt atrengtli inng be etoured, prolmhly eiioiigli for the deepent custta; hut siiice 
the latter is not get entirely certnin. niid to incrensu the weiglit of the reel b ~ ~ ~ i i d  oiie liiiu?rcd pouiida is of 
tloulttfiil expediency, i t  ia, perhips, not HI& to udvise that tlie uee of tlie strniii-pulley be wliolly reliliquiehed. 
The striii-pulley plnced upon tlie “Dlnke’a” new soundiiig-liincliine wm ndded mort) for experiment than for 
iiiiy snppnRed iieceeaity. III  the light of nip piwwnt kiioivlcdge of the ivqiiireineiita in extreine cnws nnd of tho 
devicea which iire nwilnble, it is recommended concerning tlic Signbee nincliine tlint the reel sliown on Plntee 16 
iw l  17 1~ i i ~ e d  ; tlint the ~trnin-pulley now used be discarded, slid in itw stead be nddecl, on the snnie etundards, 
i i  spur fly-wlieel eqiinl i i i  tlinuieter to the soiindiiiy-reel, weigliiiig severnl lirindred pounds, nird Iinviug turned 
into its rini tliree paves correrponding to those of the prereiit. strnin-pulley ; or, ecoiiorny permitting, the sub- 
ntitution for the preaeiit atrniii-pulley of n steuin-engine, siniilai- to that aliown oii Plate 18, of which a dercription 
ivill be giveii in tliia clinpter. If the fly-wlwel of this eiigiiie we‘iu given t l i ~  tliree p o r e s  nieiitioiied, eitlieia of 
tlir above iiiodificntions would ~ O P R ~ E  nl1 the ndvnntnge of nn independent stmiii-pulley, nnd either might be 
tcinployed with q i i n l  f‘ucility for the mine purponu. 

I do not fiilly heliere in thcr iiecensitj for n strniu 1)ulley. 

mm Acctorltrratol..-Com~osed of the tubes F, F, F, Bcc. (Figs. I, 11, 111, 
IV, V),  containing the spiral extension-springs G,  G (Fig. 111) which con- 
nect with the movable crosshead H (Figs. 11, VII, VIII, IX) by nieans of 
the chain, or wire rope, I, I (Figs. I, 11, 111) passing over the pulleys J, 
J (Figs. I, 11, XII). The tubes are hinged at K, K (Figs. I, 11, 111, IV) 
that the upper sections may be lowered for convenient stowage; they 
may lie graduated-for the number of pounds pull on the wire, either the 
upper or the lower arm of the cross-head being made the index. There 
are three sections to each tube, the lower section of each, beneath the 
bed-board, unscrewing for stowage or transportation (Plate 12). The . 
cross-head H, containing the pulley L (Figs. I, VII, VIII, IX), moves on 
the steel guides M, M ‘(Figs. 11, 111, V, XI), which are fastened by screws 
to the tubes. The pulley L is rigidly attached to its axle by a key. To 
the axle is attached an odometer, N (Fig. 11, Plate 37, arid drawing on 
Plate 38). This pulley is exactly one yard (one-half fathom) in circum- 
ference 011 its drum, less the allowance for thickness of wire. One-half 
the number of revolutions of the pulley, as shown by the odometer, will, 
therefore, give at once the number of fathoms of wire payed out or reeled 
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in. 
explained when the method of taking a sounding is described. 

The action by which the accumulator operates as a governor will be 

The extension-spriligrr used iu tlie nccurnulntor are encli twenty-eight and u linlf inclies long nnd iwo aid 
on eighth inclies outside dialnetor; they nre mude of No. 4 (Aniericnn gnuge) steel wire; encli weighs eiglit and 
n quniqer pounds, aiid 1i.w a moveuieut of foiir feet (npproxiiiiutely) for n stlaiii of one hundred nnd fifty pound% 
directly npplied. When tlie purchnw is coneidered, it is seen thnt n pull of oue huudred nnd fifty pounds on the 
wire will move tlie croos-hend four feet, which will correspoiid to a rendering or cushionilig of tlie wire n dis- 
tniice of eight feet. Tliiiikiiig tliut these springe niight hr found too stiff, n coiipte of spnre sets were providi*1 
the “Hlnke,” which were ninde from smnller wire but on the sniue mnndril wed iii the uiniiufucturc of the first 
set. A single rpririg froui one of the spare seta guve n inoveineut of four feet for one Iiuutlred pouiids strniii, nut1 
froin the otlier apnre Ret an equal movemeiit for eighty pounds strain. The originnl pnir seem to hnve done well, 
l iowc~er.  The npriugs were Iiinde by John Clintilloii & Son, 91 Cliff street, New Yolk, ut a cout of about $12 
encli. 

The upper s(’ctioti of ench tube is of two and n half inches inside dinnieter und nn ~ i g h t h  of a11 incli thick- 
nem of metal. Tlie two lower sections are the suine na the others i i i  iiiside dinmettrr but ure n quarter of nu iucli 
thick. 

Within the limit of its elwticity the movement of n spriug vnries 011 the strniii; lieiice the tubes of the 
soiiiiding-nincliiiie runy be grndunted for the number of pounds of strain upon the wire acl f o l l o ~ ~  : Reeve the 
eiid of the wire from the red over the cross-head pulley niid pnwl the reel. Hang n weight of twenty- 
five pounds froin the eiid of wire, the nnd tnnrk the point oil one of the titles opposite which the upper 
arm of the cross-hrrrtl coiiies tu rest, which point we will cull A. Incrunne the weight to one liruidred 
pounds niid iunrk the corresponding point on the tube indicated by the upper nim of the cross-lieacl, 
wliicli second point we will cnll 13. Luy off oil n thin strip of wood or metnl tlie distnnce A B, nnd divide 
this distance into seventy-fire equul pnrte. Each division will correspoiid to a strnin of one pound on the wire. 
Continue the sume sknle above the point A and below the point B. Lnsh tlie strip of wood to tho tube sokththnt 
the point A on tlw foinier will coiiicide with the point A on the latter. The upper III*III of the cross-lientl will be 
the index. 

Slioi~ld the rope by ~vliich the cross-heed is suspended stretch or shrink thereafter, add twuiity-five poui~da 
to the wire 118 before, nnd determine the positiou to which the point A of the tube lies shifted. Huving deter- 
iniried the new point A 011 the tube, bring the point A on tlie strip of wood to n coiucidoiice tlieruwitli, nnd the 
paduetion will have been corrected. 

It io obvious that to get a sensitive accumulator dynnmoineter, or governor, it is necessary to keep tlie 
weight of the cross-lretid niid its pulley us light es strength will pennit. There will Le very little luterul rrtrniii 
upon tlie cross-head othei. thnn thnt due to ita own weight when the vessel is Iieeled. 

Tlie croes-hend pulley should be so made na tu permit its reniovnl from the cross-hend without unoliippiug 
the lntter from tlie guides. Figs. VI1 and IX show an nrrnngeineut to prevetit the wire from flyiug off the pulley, 
in which the small spiral springa should be very supple. 

0, 0 (Figs. 11, VII, VIII) nre slioulders, to guard Rgninst the bending of the cross-liend iu tlie event of 
pnrtiug the cliniiis or ropes I, I, or of parting the wire. Ghould the chains pert the cross-head would fnll, the 
lower shoulders striking on the studs P, P (Figs. 11, 111, V, nnd trlro Plntes 8 to 11 inclueire). Should the 
wire part while reeling in, the cross-had on flying up would receive the blow ngninst the upper shouldei.s, 
the latter striking ngniust the cross-piece upon which rest the pulleys J, .J. On the “ l h k e ’ s ”  iuncliiiie a 
piece of rubber is filakned under the crma-piece to erne the eliock. On the lutest mwliiue-on board the 
“Blake”-tlie studs P, 1’ constitute buffera. A hole is hored ill the upper end of each stud in the line of the 
axis of the stud, iutu nliicli a spirnl coinpressioii-spririK is placed. A siinple piaton cut froat a cylindrical steel 
or iron rod, of n size to fit loose in the hole, is nllowed to rest on the spring nud pwject ubove t l i d a t d .  Per- 
1111ps tlie plain stud cnpped with rublw 01’ ptrdded cnuvna would do as well. 

The Btctvet mney.-The object of this pulley, S (Figs. I, 11, V), is to 
allow the wire to be reeled in while the vessel is steaming ahead. A sleeve 
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of steel, or case-hardened iron pipe, is fastened to a casting that is bolted 
to the bed-board, This sleeve, which is a fairleader for the wire, has, slid- 
ing freely around it, a brass or iron collar to which is bolted the arm 
holding the pulley. In the positions shown in Figs. I and V the pulley 
is ready for reeling in, and it may be swung latterly to any desired angle 
(see also Plates 11 and 13). The score will always be in the same line 
with the score of the cross-head pulley. Before paying out the wi re -o r  
before reeling it in if it lie not intended to steam ahead during the opera- 
tion-the arm T, which holds the swivel pulley, is released from the bolt U, 
when the arm will pivot on the bolt V. The pulley should then be lifted 
clear of‘ the wire, turned to one side, and secured (see also Plates 9 and 10). 

Tke ~PsJmtn-Nctnteu (W and X, Figs. I and IV).-In paying out the wire, 
the difference between the readings of the scales W and X gives the num- 
ber of pounds of resistance imposed upon the reel by the friction-rope at 
the instant of taking the readings. 

The eculea sliould lie of tlie kind .tliiit linre n long iiioreiiieiit of the iiidex, in’ poiiitw, for n aiiinll exteii- 
aim of the contiiiiied apriiig, itiid t h y  nliould Iw ntroiig eiiougli to \vitli~titiid tlie aidden pulls tliut may be 
bi*o;iglit 11]1(in thuni by the govc!rniiig nctioii of the iiccnniii~utor in Iicnvy Ron% 111 the niunncr of itttncliing the 
friction-line to tlieni, UH nliowii i i i  tlict drirwiiig, tliii scales niiglit alew NO IIH to preneiit the dinla of the two 
inwtrnincwte ill’  tIittbrciit p~niien ; i t  wtinltl. t~iwefiwr, bv \re11 to nw Iiniiclrd rtiif tin- ~ctioii-l ine,  ut least fiir 

that part of the friction-line w11icIi i’ceta in tlie  core of the r d .  Any npiiinitii codcl iittiit:li tlie line to siiit tlie 
eircunietmices of the cnw. 

Excepting dririiig oiir Hrut  neiinoii, w* iisrtl iio iiieunn of iiitwririiig t l ~ t t  reaintuilce plact!d upoii the reel. 
Tliia would seein to liirve been titkiiig n yrent. vink, but we never hid uiiy tiuiible tlierdi-oni, nor were we 
ever in cloiilit. nn to tlie iictiiul tiiiie of vriicliiiig lwttoin. I t  in  ndvinnl)le, I i i i ~ e ~ e i ;  tliut ecnles be n w ~ l ,  ut leuat 
until experience linn titriglit nt wlint ixte it i n  sufu to iilltiw tlir wire to run nnt, niid 110 nuaurnnce is given for 
c u t s  deeper tlinii lrnve liueii tiikeii liy tlie ‘ I  IMuke.” Snnndiiiga froiir tliitt wasel have lieen tnkeii iii cleptlis 
of 3,000 fntlioiiis witliout unhy ecnlee, tliv niiikei. liiiviiig striick liottoiii wlieii tliv wirc! ivnw riiiiiiing out ut tliu 
inte of m e  Iiuiidred tiinin i n  1 iiiiiiiitv 18 neconds. My inforinunt stnttta tlint !he iiiatttiit of iwucl~ilig liottooi 
\viw olwioiia, nn i i i  ~irevioiia curt+. It \run iiiy intention to tleriee 11 tlitti.~*ttntiiil upring-scales to Hl)O\V tlie 
reaifitnnce by n siiigle index, h i t  1 liars fiiiled tliiia tin. to ciii-vy oiit this iiitention. The iiietliod of‘ nreireuriiip 
the rceistwice u~iim tlie reel by nieniiu of two nciiles, iw s l io~r i i  in iiip drnwiiig, in innre exuct, it ia believed, 
tlinii niiy otlier tliitt lim Iitarii t~inployotl, iiltlioiigli tliore in  tlie lirncticul diautlvuiitcigt* of Iiuriiig to olitniii 
siini~ltmiuoiin rendingw ~ v l i o i i  tlie iiidicvn IIYR iiot likely to be nltogetlier ntent1.v. III l)riti-ticc, it will ouly lie 
essriitinl to rend the iiiwtruuieiita orciucioiinlly. By the liubitiiul U H ~  of aoitlw, uiitl by keeping u npeteiuutic 
reoonl of tlieir rcndiiigs with niniiiltcnieoiin reutliiig# of the dyiiuiiioinetcw; tliu 1uiigt.h uiid wciglrt of tlie siib- 
merged y i re ;  tlie leiigt.11 itnd \veiglit of the wliole nniount of wire iii uctuul uae; aire,aiid weight of reel, rod, 
Gnkerrc, &e., inilmrtniit dirta would be w ~ u I ~ ~ ,  111 tlie Sigabee experiinentul uo!iiidiiiS-riiudiiiie tlia frictioii of 
the severnl moving ptirta \VNI too givtut to ndniit of weighing tlie RtiGii nn the wire  closely euougli to be of 
service iu tliia reepect, but in the Inter niuul~ine tlie clyuiriiioriieter ia aufflciriitlp ucciintte, tlie nccii~nulittor being 
simply a large spring-acnlea wit11 h i t  little frictioii iii its working pnrta. 

TIIe 0cZoinetei.j givlirv the covveot Zeat@lr of to i re  yccyecl out, roltlroert awltretloii 

(N, Plate 37, and drawing, Plate 38).-This instrument is fitted to clutch 
9 D 8  
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the axle of the cross-head pulley with a spring snap. 
revolutions of the pulley. 

It records the 

The kind used by un is hiown as Huuter’s odometer. They mny bc purclinsed of Jnnies Green, 
instrument-maker, No. 20 West Fourth street, New York. In  their uaual conimercial form they must be 
taken apart with a screw-driver for resetting tlie dials, but, at my request, Mr. Green made +ern as shown 
on Plate 38; that iR ,  to adniit of a convenient readjustment to the zero point by means of tlie milled-lied 
Bcrews. Their cost is from $14 to $17. In purclinsing a register or odometer it must always be observed if the 
numbers on the dials increase in a direction to correspond with tlie direction of rotation of the reel or pulley on 
which they are to be wed. A description of the odometer may be found in Knight’s American Mechanical Dic- 
tionary, vd. ii, page 1544. Instead of the two cog-wrheels Iinving, respectively, one hundred nud one teeth, w 
there described, they have ninety-nine and one hundred teeth, respectively. 

The machine shown on Plates 8 to 15 was made for the Coast and Geo- 
detic Survey by Mr. Daniel Ballauf, of Washington. It is an elaborate affair, 
made by the most skillful mechanics (model-makers) and is handsomely 
finished throughout. In fact, in point of workmqiiship, it is such a machine 
as would naturally be employed on board a vessel devoted almost exclu- 
sively to the performance of the work for which the machine is designed. 

Mr. Ballauf submits the following prices for which he will manufac- 
ture a single machine, the standard of workmanship being that of the 
“ Blake’s ” machine : 

Machine complete, as shown on Plates 36, 37, and 38, including steel 
reel shown on.Plate 16; register, Plate 38; clamp, Plate 36: the various 
castings and parts to be made of iron, steel, or brass, as may be best, $750. 

If from the above the whole strain-pulley arrangement be omitted the 
cost will be $676. 

If the strain-pulley arrangement be omitted, and a grooved spur fly- 
wheel be substituted, the cost will be $726. The cost alone of the new 
steel reel, Plate 16, Mr. Ballauf fixes at  $l%.* 

*Mr. Ballauf is now constructing two of the Sigsbee sounding-mnchines, one for the Navy and the other 
f i r  the Coast and Geodetic Survey. A number of ruod- 
ificatioiis or improvements are introduced, and the machine folds in a box the dimensions of which are: length, 
4 feet 4 inches; breadth, 1 foot El inches; depth, 2 feet 7 inches. In  these ninchinea the pipes will be of the 
same height nbove the bed ae in the machine shown 011 Plate 8, but will not extitnd below the bed. Tjie straiii- 
pulley arrangement is don’e away with, and in its place is d d e d  n small vertical engine similar to that shown on 
Plate 18. The Cost of each machine and all ita accessories, at tlie present high price of material, is eleven 
hundred dollars, including:-machine complete, with springs and spring-scales; one spare spring and one spare 
spring-scales; steam-engine fastened to bed; tightening pulley for rope-belt; swivel pulley to fold beck, and 
eupplied with clamp nhown on Plate 36; steel reel shown ou Plates 16 and 17, with regieter shown on Plate ’38; 
galvanized-iron tank for holding the reel and preserving fluid; box for stowing the mnchine, and several other 
small accessories or appliances. Tho fitearn-engine and the tank nccoiint for a part of the increased cost, the 
former costing $2%. 

APRIL, 1880. 

The bed and nearly all other part8 are niade of steel. 
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Mr. Ballauf employs only the most skilled mechanics, men capable of 
making the most delicate instruments, and, therefore, getting high pay; 
hence it may be possible that the prices fixed by him are not so low as 
might be named elsewhere. 

The “Blake’s” machine stows, for transportion, in a box the dimen- 
sions of which are five feet nine inches, by two feet nine inches, by two 
feet one and one-half inches. If, however, the cross-heacl is to be left on 
its guides in transportation, as shown on Plate 12, the box will have to be 
made six feet long. The machine is complete’as stowed, no accessories 
being required other than those stowed in the box, excepting the steani- 
engine and tank, which are not included in the prices quoted. 

The original Thoinson machine, as made in the United States, stows 
in a ])ox the dimensions of which are four feet four inches, by two feet 
nine inches, by one foot seven inches, accessories not included, and is of 
less weight than the Sigsbee pattern, although more than one hundred 
pounds of lead or other material are needed for applying strain to the 
friction-rope of the former. 

Sir William Thomson’s later form of what has been styled the original 
machine-to which he has added the swivel or castor pulley and the strain- 
pulley-takes more room for stowage than either of the above. Rapid 
and safe work he seems justly to regard as of more iniportance than the 
saving of a small amount of cubic space. The small space required for 
a sounding-machine for wire is hardly to be compared with that formerly 
taken up by sounding-rope and its apparatus. 

TO TAKE A SOUNDING WITH THE SIGSBEE SOUNDING-MACHINE. 

(Plates 36, 37, 38.) 
The reel containing the wire and stray-line being in its bearings, reeve 

the end of the stray-line up oyer the cross-head pulley, from inboard to 
outboard, and thence down through the fairleader which forms part of the 
attachment of the swivel-pulley. Secure the end of the stray-line to the 
sounding-rod. 

Ship the pawl into the ratchet-wheel that is on the axle of the reel. 
Place the friction-line over the friction-score as shown in Figs. I, 11, IV, 
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and from the scales W reeve the line under the pulley Y on the same 
side of the bed as the friction-score; thence up and over the pulley Q, aiid 
down under the other pulley Y (Figs. I, 11, 111, and V). By ineaiis of the 
hauling part of the friction-line haul the cross-head well down on the 
guides against the resistance of the accumulator-springs G, G, to insure 
a large surplus of friction on the reel at the,time of starting the sounding. 
Make fast the hauling part of the friction-line to the cleat Z (Figs. I, IV,V). 

Connect the sinker with the sounding-rod-having previously cleaned 
the specimen-cup thoroughly-and get them over the side of the ship, 
letting the stray-line take the whole weight. Plates 8, 9, and 10 show the 
machine fully prepared for paying out. 

See that the register and the odometer are properly set. 
If desired, the shot may be lowered slowly to the water before paying 

out regularly, always remembering to set the register and the odometer 
properly. This was our usual custom when the vessel had considerable 
motion, the object being to prevent the shot pounding against the side of 
the vessel. Attend the friction-line, throw back the pawl, and let the reel 
revolve slowly until assured that everything is working well, when ease up 
the friction-line cautiously : keep the wire vertical, and follow out as nearly 
as practicable the rule governing the amount of resistance to be applied 
to the reel. (See Sir Williarn Thonison’s remarks, page 54.) 

If a weight has been attached to the stray-line to prevent the kinking 
of the wire, be careful not to let the reel revolve rapidly until this weight 
is through the fairleader. Avoid any stoppage just as the end of the wire 
is leaving the reel. 

It is impossible to say how fast the wire may be allowed to pay out, 
since the limit of safety varies with circumstances, depending on the weight 
of the reel and its coiitaiiied wire, the weight of the sinker, the state of the 
sea, the extent and rapidity of the ship’s rolling and pitching motions, kc. 

To prevent the wire flying from the drum of the reel when paying 
out-an accident which sometimes happened to us on board the “Blake” 
when using the original machine-the Sigsbee machine is arranged to oper- 
ate as a governor on the motions of the reel. The action of the governor 
may be explained as follows : If the ship roll downward on the side where 
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the niachiiie is set up the strain upon the wire is thereup0.n lessened, and 
the consequent effort of the cross-head to rise-imparted by the reaction of 
the springs-is transferred to the friction-line. Thus a greater resistance 
is automatically placed upon the reel, checking its speed or stopping it  
altogether-rarely the latter-until the rising of the vessel or the slowing- 
down of the reel causes an increase of strain upon the wire. As the strain 
increases the cross-head is borne down, which eases the pull on the fric- 
tion-line, allowing the reel to revolve more rapidly; and so on with recip- 
rocal effect. When the vessel is quiet the accumulator has no inherent 
capability of varying the amount of resistance upon the reel. This alter- 
nating movement of the cross-head when paying out is, of course, scarcely 
perceptible to the eye. Although the effect of the governing action on the 
motion of the reel is distinctly seen, the motion is not fitful, but remark- 
ably smooth. No instance is recalled of the wire jumping from the drum 
of the reel when using the governor. Commander Bartlett, during his six 
hundred and sixty-four casts with wire, met with no such accident. 

From what has been said it follows that the operation of paying-out 
is progressing safely if several pounds of’ surplus mistance is upon the reel, 
according to the rule, and the wire is keeping cmtsiantly under tension. 

It appears by the records of work done in the Navy that the recom- 
mendation of Sir William Thomson to use a weight at the end of the wire 
has been held in practice, as much as four pounds sonietimes being used. 

If such a weight, or any other considerable weights-as water cups, 
&.-be used on the stray-line or wire they should be taken into account 
in applying the resistance. The sinkers and sounding-rod being the only 
weights which are to be permitted to reach the bottom, all other sub- 
merged weights should be counterbalanced at the reel. 

With the original sounding-machine for wire, when bottom is reached 
the weight of the sinker and sounding-rod ceases to act as a moving force 
for the reel; hence, if a resistance slightly in excess of the weight of the 
submerged wire and its attachments-above the rod and sinker-has been 
placed upon the reel the latter will stop, In the same case, with the Sigsbee 
form of the machine, the weight of the sinker and sounding-rod not only 
ceases to act as .a moving force for the reel, but the force due to the weight 
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of the sinker and rod is automatically transferred to the friction-line, 
because the cross-head, being freed from the bearing-down effort of the 
weight of the sinker and rod, rises and communicates that effort to the 
friction-line. This peculiarity may not appear to give any great advantage 
over the original machine, yet it is a safeguard, and provides a reaction 
against the momentum of the reel at a critical point. Since it results, 
without extra cost, from the action of such parts of the machinery as are 
devised for other, and perhaps more necessary, purposes, it may at least 
be considered an acceptable feature in the working of the apparatus. 

In practice it is found, both with the original Thomson and the Sigs- 
bee machines, that to inaintain a rapid rate of paying out the pull upon 
the friction-line (not friction, but pZZ upon the line) has gradually to be 
reduced from the time of starting the sounding. This is chiefly due to the 
friction on the submerged wire. On board the “Blake” we would occa- 
sionally, in very deep water, find the cross-head nearly at the top of its 
guides, and the reel controlled by the resistance due to a very light strain 
on the friction-line. In this case we would lose to a considerable extent 
the governing action of the accumulator and the automatically increased 
resistance at the instant of striking bottom. The remedy was to use a 
friction-line of smaller stuff when sounding in very deep water, or to 
decrease the length of the a rc  of bearing-surface which the friction-line 
had in its score by making its standing part fast somewhere above the 
bed-board of the machine. The use of a heavier sinker will also serve the 
same purpose. In regard to the size of the friction-line only that part 
which is wrapped in the friction-score is of much moment. 

In a heavy sea, if sounding from the bow, the violence of the vesqel’s 
motion may cause the reel to “race” occasionally, notwithstanding the 
governor. This will be understood when it is stated that the “Blake” has 
been known to plunge so quickly as to slack the wire when reeZhg in by 
steam. To provide against racing in seas exceptionally heavy for the 
work, we used a very simple and completely success’ful device. While the 
reel was unwinding the wire under the usual frictional control a small 
toggle turned into the friction-line outside of the pulley Y (Figs. I, III,V), 
on the same side of the bed as the friction-score of the reel, was made to 
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bind with a force of several pounds against the pulley, by setting up taut 
on the standing part of the friction-line at the scales X (Fig. I). Thus, 
while the governor was free to automatically increase the friction upon the 
reel as occasion demanded, it was incapable of decreasing it to an amount 
less than that due to the resistance of the toggle against the pulley, 
Stretching of the friction-line will cause the toggle to recede from the 
pulley, and the friction-line may have to be set up afresh at the sfn9~diity 
part several times during a deep cast in very heavy seas; this, however, 
does not necessitate a stoppage of the reel. A close inspection will show 
the toggle on Plate 9. While this device may be dispensed with, even in 
very heavy seas, by the exercise of a little care, its use under such circurn- 
stances permits a more rapid rate of descent. 

When paying out wire, oil or fresh water should be applied freely to 
that part of the friction-line resting in the friction-score. This will give 
smooth work. Water, if used, must be appliedfrequently; oil not neces- 
sarily so often. 

As soon as the sinker strikes bottom, which is made apparent by the 
stoppage of the reel, read the register or the odometer, and, at the saiiie 
time, ship the cranks or1 the axles of the reel. Throw the bight of the fric- 
tion-line out of its score, and, to insure the detaching of the sinker, pay 
out cautiously one or two turns of the wire, if necessary, until the strain 
upon it is eased. Then reel in a few turns slowly and carefully, when the 
distance which the cross-head is borne down along its guides will indicate 
if the sinker be clear, Usually, with a good form of detacher, it drops off 
at once on striking bottom, requiring no actual slacking of the stray-line 
or wire. The exceptions are most likely to-occur when paying out slowly 
in strong currents. In paying out extra turns of wire to detach the sinker 
it should be remembered that the wire must not be allowed to coil on bot- 
tom; nor should the stray-line be allowed to foul the rod or sinker on the 
bottom. If a thermometer have been fastened to the stray-line for observ- 
ing the bottom-water temperature, care should be exercised that the sound- 
ing-rod may not drag along the bottom while waiting for the thermometer 
to register. Although we always used steam for reeling in, it was our 
invarin1,le custom first to reel in fifteen or twenty turns by hand l~cforc 
connecting with the engine, aud with inexperienced supervision at the 
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machine the last fifteen or twenty turns should also be got in by hand- 
that is, by men working at the cranks. 

If the strain-pulley is to be employed for reeling in, Plate 36 (dotted 
line, Fig. I) and Plate 11 will show the manner of leading the wire, which 
is as follows: The last or uppermost turn of the wire upon the reel leads 
from the latter six or seven times around the wide score ofthe strain-pulley? 
“with the hands of a clock” or “with the sun,” and thence underneath the 
reel, over the cross-head pulley and into the water. The power for reeling 
in is applied to the strain-pulley, from which the wire is passed to the reel 
with the tension reduced. To keep the parts of the wire from riding over 
each other on the strain-pulley a standard with a roller is interposed, as 
shown on Plates 11 and 36. It is seen that the wire, after coming in over 
the cross-head pulley, passes over a large part of the circumference of the 
coil contained on the drum of the reel. It is thought that this may pos- 
sibly cause the wire to act as a belt to revolve the reel for taking the turns 
from the strain-pulley, but if the arrangement prove insufficient for the 
purpose stated, a loose belt of rope, just long enough to fit, should con- 
nect the friction-score of the reel with the score C (Fig. V, Plate 38) of 
the strain-pulley. The weight alone of a small rope would, doubtless, 
give enough friction for a connecting slip-belt. 

The use of the score D (Fig. V, Plate 38) is to connect the strain- 
pulley with a reeling-engine by a rope belt; Plate 13 shows the two 
connecting belts that have been described. 

When the strain-pulley is not to be used a rope belt may be taken directly 
from the friction-score of the reel to the V-groove of the reeling-engine, 

- KEEPING A TIME-RECORD OF SOUNDINGS. 

It was our custom to keep a record, as shown on Form 1, next page, 
at every sounding taken with wire. This practice is useful in various 
ways. The officer of the deck is thus kept constantly posted as to the 
speed of the machine, and is given experience with regard to its capabili- 
ties; should the register cease to record from any cause the fact is made 
known, and when plotting, if a non-agreement is observed between sound- 
ings 011 the same or intersecting lines, the means of verifying the figures 
relating to the soundings are at hand. 
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FORM 1. 
U. S. COAST SURVEY STEAMER "BLdEE." 
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Slnker usetf, BhoL Weight, 80 Ibs. 
Was sinker detnched or rocaverad? Dshchd. 
No. of fathom of stray-llno U B O ~ ,  9. 

40 1 No. of tiirne of slre in line on reel, &058. 
64 Klnd of reo1 wed, Nnoy &el reel (reduced). 
64 Weight of reel nsod, IIG 111% 
60 Reelod In by b u m  (hand or steam?). 
01. 1 Reeled in first IT; torno by Iinnd. 
C-4 ,) Retiled In lnst I6 turns by hand. 
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LOSSM OR CASUALTIES. 

I 

Rondlng of Begletor _ _ _ _ _ _ _ _  
1 Corroctlon for turn8 of wlre. 

2, '766 turne. 
Corroctlon for stray-Uno---- G 

168 

Slgnuturo of Ommr of tho Dock: E. N. J d y .  
SIgnntum of the I h r d u r  : .......................................................................... L. P. &Orbee. 

The above record wna sent me by Commnnder Bartlett to sl~ow tlie working of the Sigsbee mnchine in 
the deepest omt for which it had been used up to that time. The figures represent fnir work, excepting tile 
reeling in, which in wry slow for the " Ulake." The nrerage rnte of payiiig out, per OIIU Iiuiidred fathom, 
is shown tu hare been 1"' 011, niitl for reeling iu 101 11'. The sinker touched bottom wl~en the reel wm 
revolving at the rntr, of one Iiuiitlred turns (about one hiuidred and twelve fathoms) in 1'" l@. While reeling 
in from t lme two soundings it appears that the reeeel \vtu not'stenmed nliend. Probably the ~ e a k n e s s  of 
the wire hnd something to do with it, or, &Ice these were the tleepost cash ever made fioni tlie "Blake," it 
wa8 decided to be oautious. The "Blake" being an eoonomictrl rwsel in the expeiidituls of cod, and work- 
ing day nud night with different officei.~ i n  charge of the mncliiiie, to take much risk with tlie wire in order to 
make quiok time is rarely nttempted. 

1 o D  8 
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LReeled back slowly; old 
I wire weighted with ther- 

mometer and water-cup. 

Nom-The above are taken h n i  a single one of the “Blnkeb” Bounding-mrd books scnt me by Commander Bartlett. They coniprise nearlj nll the soundings recorded in 
the  book in depths exweding 1,ooO fathom. The mrd~ of eeveral casta taken in  exceptionally slow time have not hreu included, 80 the timw hero &en roprcsent the ordinary 
gcud Bounding-work of the party. Three oflIcere, each in mtation, had charge of the mncliine in operation. Both day nnd night work am nhown, no selection from either period having 
been made. In every case a modified Belknap Cylinder No. 2, with Sigabee’s detacher (Plates 53, and 39), WM used In conuwtion with a Rixly-pound sllohihker, and a thermometer WBd 

attached to the atrny-line. The reeling in nas done by steam, excepting the firat and last R h n  fa thom nt each cast, which wna done by hand. In 8Ome c a ~ ~ l  a large watar-cup mu ala0 
attached to the strny-line. One of the mast satl8factory featurea shown by this table is the rapid work which wm malntaind, hot11 iu paying out and reeling in, when sdunding in mURh 
le-, r i t h  the ressol rolling and pitching deeply. 
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HAULING BACK A LEAD SINKER. 

After getting an accumulator the greater number of our casts no deeper 
than eight hundred or 1,OOO fathoms were taken with the thirty-four-pound 
sinker, which we always hauled back by steam. The accumulator, acting 
as a dynamometer, will direct the judgment in regard to the safety of haul- 
ing back, but in respect to the advisability of the measure, economy of 
time and money will have much influence. We thought the small saving 
of shot-sinkers no object in depths greater than 1,OOO or 1,200 fathoms, for 
the rate of paying out with a light lead then became so slow that the loss of 
time in favorable working weather was the more important consideration. 
In regard to the safety of hauling back the lead, the state of the sea made 
but little difference with us  in a depth of 1,OOO fathoms. Sometimes the 
accumulator cross-head would traverse its full range while we were hauling 
back in a heavy sea. The following shows work with the lead: 

U. 9. COA6T SURVEY STEAMER “BLAKE.” 
Locality, Off Q~anada. Dato, March 8,1879. Soundlng No. 37. Llna If. 

0 4 W I %  
IW I 21 42 
do0 1 2 2 : 8 6  
sw 2 3 3 . 5  

fm 1 %  32 
fioo , 20 40 
700 21 i w 
800 20 26 

876 4 30 3.5 

Loo 1 2 4 1 8 0  

-1-1- 

w 

ll: 

l j o s  1 0 2  

1 ’ 10 
I i 3 6  
1 ! 10 

9 I 60 

43 
42 
41 
41 
40 
30 
38 
37 
80 

84 

I 

-I II 8 I 31 

Slnker used, Lsod. Weight, SL I b a  
Wna slnkerdatachecl or recoverad? Rocmered. 
No. of futhoma of stray-llne ued, 9. 
No. of t u r ~  of wire lu use on reel, 4387. 
gind of me1 u s 4  Nay, rld (+wed). 
Welght of reel u d ,  If5 lb. 
Heeled in by &am (hand or ab8111 ?). 
Reeled in first 8 turns by hand. 
Reeled In last IG turns by hand. 
Wlnd, Ead. Force, #. 
state of tho mr, Moderato. 

The times are fuir, but would he alow for work with a shot-einker. With the vessel quiet, aud particu- 
larly when sounding with shot, considerable time is sometimee gained in deep soundhge by dloaing the reel 
pay off the wire very rapidly, under lese reeietanm than im oalled for by the rule, until the einker han arrived 
within several hundred fathoms of the bottom, when the,reaistance is increaeed to the safety point. To attempt 
this, one must feel sure that he can foret+dl the depth approximately. 



TIMES OF VARIOUS CASTS \VITA LEAD SLNKERS (FOR RECO\-I.:RY). T A K E S  ON BOARD T E E  "BLAKE" WITH T H E  LATEST FORM OF 
T E E  SICISUEE SOUNDING-MACHINE, SEASON O F  1878-'70. 

[Commander J. R. Ikr t le t t ,  U. 8. K., Asalstunt C a n t  nnd Geodetlc Survey, commanding.] 

691 
818 
690 
667 
974 
966 
676 
760 
794 
813 

1,104 
432 
667 
808 

. .  - - .  

~ Rough ................. Heavily ........... _ _ _ _ !  Heavily.. .............. 
 do. ................. Coneiderably.. ........ .! Considerably. ........... 6 

 do. ................. ___.do .  ...................... do.. ................ ; 
. Rough. ................ .__.do.  ..................... do .............. - _ . - ' I  

! Moderate .............. Easlly ................ I Easily. ................ .; 8 
..... do .................. Moderately ............. Moderately ............. : 9 

Moderately.. ........... i Moderately.. ..... .......I 13 

~ Rough ................. Deeply.. ........... .__.I Deeply.. ............... : 7 
I Light swell ............ Steady.. ............... I Steady ................. : 

7 

' Moderately rough. .-.__. Easily. _ _  - ._. .__ - _ _  _._. Eawlly ~ _ _ _ _ _ _  ._ ___. _ _ _  .:; 6 
6 
9 

SmOO th.... ............ Steady ................. I Steady ................. i 6 

~ Rough ___._. - _._.__ _ _ _ _  Deeply. ._.. _..___ .__ _ _ _  Deeply. ___. _ _ _ _ _ _  _ _ _ _ _ _  ' 1  10 

j Smooth ._.-.. ___.  _ _ _ _ _ _  Steady . _ _ _ _  . _ _ _ _ _  ~ _ _ _ .  Steady. .____. ___. .____. 3 

7 

I 

~ Moderate .............. Moderately.. ........... ' -EIoderately.. ........... ' /  9 

Moderate .............. 

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

64a Rough. - .__ .._ - _. _ _ _ _ _  
796 ..... do .................. I: 

m. 

Moderately.. -. . - _ _  - ~ ~. _ j Moderately.. - - - - -. - -. -. 6 
8 Deeply.. ............... : Considerably. ........... 

.... -. . . . . . . .  ~ ~ 

. . .  - ........ .- .... .' . . .  . ---_I 

I 

I 
~ . , M . ; s .  M. 2;. m. s. 

I 
...... - 1  ..... - . . .  . . . .  . .  ..... - .... - 

16 1 
40 1 
48 I _ - - .  

4 8 ,  1 
67 1 
60 1 
26 
68 1 
S6 1 
13 1 
48 1 
66 _ _ _ .  
32 1 
40 _ _ _  
so __. 
40 1 

14 4 , 40 ._.. 47 - 
06 6 06 1 00 
69 4 40 .__. 47 
02 8 26 .... 60 
0 1  7 10 _..- 44 
04 8 31  _ _ _ _ I  64 
66 4 46 ..__ 60 
12 6 68 .__. 48 
13 6 23 ___. 48 
16 6 ' 24 __.. 47 
16 8 38 __._ 47 - 
86 3 30 .._. 60 
08 6 0'2 .___ 46 
67 8 38 1 04 
6 1  8 16 1 17 
03 7 I 66 1 00 

-Next sounding, lb 30m aft- 
erwards, in 698 fathoms, 
taken with shot sinker: 
time per 100 fathoms 
paying out, 6Bn. 

-Next sounding, 30"' after- 
w a r d ~ ,  in 768 fathoms, 
with shot : average time 
per 100 fathoms for pay- 
ing out, 6 0 .  

I -. .. - ... 
NOTE-Thin tablo i n  nindo up fmm the a n i ~  m o d s  8~ the tnblo ticretofore &on. For each of the above cash a tliirt~-fonr-ponnd lend w h ~  wed,  nnd R themlometer w'88 nttuched to 

t ho  stray-line. I n  every C ~ B B  tho lead wan hniiled brick by ateam. Tho Rpiim. ivlien com1nrc.d with tliwe exlilbiting the tiuien occupied in making CB(It8 with s ixtyqannd sliotsiiikera, show 
s l o r o r  end inoro i m g i l n r  work. Tho adrantage of working with iin ncciiniiilntnr is diosrn by tho rapid rate of reeling in whicli nau niaintained undor nll circumstances. 
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When a thirty-four-pound lead has reached a depth of 1,OOO fathoms 
theweight of the submergedwire is twelve pounds, and if the resistanceupon 
the reel is seventeen pounds-five pounds surplus-the effective weight of 
the sinker, on which we have to depend for rapid work, is but seventeen 
pounds; with a sixty-pound shot-sinker under like conditions the effective 
weight is forty-three pounds, a positive advantage of twenty-six pounds; 
with the seventy-t wo-pound sinker, sometimes employed, the effective 
weight is fifty-five pounds, and the gain on the lead thirty-eight pounds 
under the conditions cited. In a heavy sea it is advisable, in order to 
guard against the wire flying from the drum, to keep the submerged wire 
under stronger tension than is usual in a smooth sea. This is done by 
placing a greater resistance upon the reel than is called for by the rule, but 
for every pound of surplus resistance thus added the effective weight of 
theesinker is reduced by one pound, a loss which is obviously niore of a 
disadvantage with the thirty-four-pound lead than with the sixty-pound 
shot. 

. 

THE CLAMP AND ITS USE. 

Sometimes it becomes necessary to clamp the wire at the machine 
during the operation of sounding; for instance, a kink or a defective splice 
appears, or the wire flies from the reel, requiring a iiiaiiipulation of the 
wire that is possible oiily when it is slack. Fig. XIII, Plate 36, shows a 
clamp made to fit into the fairleader on the forward.part of the bed-board of 
the sounding-machine; it consists of the following: Tw'o pieces, or chocks, 
of lignum-vitae u a, the right and left hand screw b ;  and the guide bolts c G ,  

set rigidly into one piece of the lignum-vitae, and sliding freely in cylin- 
drical holes in the other. For clamping, the wire being slipped into place 
as shown at d, the clamp is'lowered to the fairleader and the wooden 
parts firmly set up against the wire by means of the screw;- or the clamp 
may be clapped on the wire inboard of the cross-head pulley and lashed 
somewhere near the bottoiii of the guides, on the bed-board, in which case 
the submerged wire and weights will ride from the accumulator. A small 
box-like arrangement should be fitted to the bed-board of the sounding- 
machine for containing the clamp, where the latter may be in readiness for 
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instant use. 
stopper the wire. 

Marline or rope-yarn, though unhandy, may be used to 

STATIONS AT THE SOUNDING-MACHINE. 

When sounding, the officer of the deck always stood forward of the 
machine so that he need never turn his back on any point requiring atten- 
tion. In heavy seas it was the custom of the officer of the deck to keep 
the left hand on the friction-line just inboard of the reel (near the scales 
X, Plate 36), where any unusual slacking of the friction-line could be felt 
at once. 

Three men were stationed at the sounding-machine : one out on the 
accommodation-grating to get over the rod and sinker, to fasten on the 
thermometer and water-cups, to guide the wire and report the direction in 
which it tended from time to time; one at the forward side of the machine 
to watch the register, to apply the alkaline mixture, to guide the wire to 
the reel, and to attend the hand-cranks; and another at the after side of 
the machine, to assist with the sinkers, thermometer, and water-cups, to 
attend the hauling part of the friction-line in paying aut, to attend the 
throttle of the reeling-engine when reeling in, and to work at the hand- 
cranks when necessary. 

ACCIDENTS. 

 he mtctton-zitce Puee.-Stop the reel by seizing it with the hands about 
the flanges of the drum; but not by throwing the pawl into the ratchet- 
wheel, against which it is necessary to caution untrained men. 

mke Wfre m m z n  rn the vesedpe ~ot tornr  i r r  Puuing out.--It is llot likely to foul 
in this way excepting by the catching of a splice. Ship the cranks and reel in 
one or two fathoms, or until the splice appears; if the wire still tend under 
the bottom, endeavor to clear it by backing or steaming ahead, by shifting 
the helm, or perhaps with the sails. When the wire is allowed to pay out 
under the vessel, across the keel, it is impossible to know its angle from a 
vertical direction, and the depth of the sounding will be in doubt. 

T I ~ C  wdre F O ~ Z ~  on the vessel’e ~ o t t ~ m  toisem meling zm.-In this case, if the 
power for reeling in comes from an engine, there is little probability of the 
wire holding together; but should the wire foul and not part, pay out a 
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few fathoms, and then if it does not swing clear resort to manaeuvring, as 
in the preceding case. If steaming ahead while reeling in, this accident 
will probably never happen, but most vessels do not follow that practice. 
Since it is not necessary to keep the wire strictly vertical while reeling in 
there is but little excuse for this mishap excepting on very dark nights, or 
when a shift of wind has occurred during the operation of sounding. 

A Ridge A p p e a r s  in t l re  cou of Wive wilen Puurtrg out.-This results when the 
wire has been carelessly wound in reeling back from a previous sounding. 
If the ridge begin to slip, as it probably will, so as to slack some of the 
turns, stop the reel, clamp the wire inboard of the cross-head pulley and 
cut it at the reel, letting the submerged wire and weights ride from the 
accumulator; or reel back, if possible. Wind wire from the working 
reel to a spare reel until the ridge is reduced; then wind back again to 
the working reel, cutting out all defective parts. When a ridge once 
begins to show slack turns, a persistelice in paying out will cause the wire 
upon the reel to kink in many places. Although this case happened to 
us but once, I give the above from my own experience combined with 
that of others.. The formation of a ridge is so much the result of care- 
lessness that it is stretching a point to call it an accident. 

POSITION OF THE SOUNDING-MACHINE: LAYING THE VESSEL FOR SOUNDING. 

The proper place to set up the sounding-machine depends somewhat 
on the character and qualities of the vessel engaged in the work. 

In general terms the jerky and oftentimes rapid motion of pitching, 
particularly in a short vessel, which would be felt to its fullest extent at 
the bow and stern, causes more trouble than the‘smoother and more regu- 
lar rolling motion, the maximum effect of which is at the gangways ; also, 
since the vessel is laid head or stern to wind for sounding, the pitching 
will generally be in excess of the rolling, considered in relation to the 
disturbing influence on the action of the sounding-machine. 

Captain Belknap in his Pacific work sounded from the gangway of the 
“Tuscarora,” and generally, I believe, laid the vessel with her stern to 
wind and sea. Most other naval officers who have had charge of sounding 
operations since then have retained the gangway position for the machine, 
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but just how they have laid the vessel there is no available means for 
ascertaining. In sounding from that part of the vessel there is a diffi- 
culty in manceuvring to keep the wire vertical; in fact, decided failures 
sometimes result in this particular, as is shown by records to which I 
have had access. In a man-of-war, however, it is an important point to 
have the machine under the eye of the commanding oficer, a convenience 
afforded by the gangway position. 

From the “Blake,” under my command, we always sounded from the 
port bow, as far forward as the machine could be set up (Plate 7 ;  and 
G, Figs. 1 and 2, Plate 29), consequently we suffered the full effect of the 
pitching motion. For sounding, the vessel was laid h6ad to wind, with 
mainsail set and the main boom amidships. Thus laid, the usual tend- 
ency of the vessel was to’drift with the wind, drawing the wire ahead rather 
than drifting over it, which is a point of great importance for night-work. 
The rapidity with which the “Blake” would swing her stern to port in 
backing under ordinary circumstances-in the extent of which character- 
istic she was exceptional-suggested sounding from the port bow. If the 
wire tended under the bottom of the vessel we had, usually, only to give 
the main engine a few turns back to bring it clear. If it occurred while 
paying out, the speed of the reel was khecked until the wire was again 
vertical, and thus no cast was’taken from the “Blake” which was not to 
all appearances “up  and down.” All things considered, sounding from the 
bow is probably most favorable to accurate results, and also the most 
convenient when it is intended to reel in the wire vertically. 

When the latest form of the Sigsbee machine was put on board, to be 
used in charge of Commander Bartlett, another position from which to 
sound became necessary to admit of reeling in while steamingtahead, an 
operation for the performance of which it has been shown the new machin,e 
is fitted. Accordingly, the position selected was just forward of the port 
fore-rigging (Plates 13, 14, 16; and G, Fig. 3, Plate 29). Here nearly’all 
the advantage of the former position is retained;and there is a straight lead 
aft for hauling in the wire as it trails astern while the vessel has headway. 
Reports from the vessel assert the convenience of the new position. 

In sounding from the stern there would be the danger of fouling the 
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HeZiofyje Prinfing Co., 220 Peronshirr SZ., Bosforr. 



THlI SO‘bNDIN&MACHmfi AND ITS USE. 81 

wire by drifting over it, and the risk of fouling with the propeller in a 
screw vessel, unless the vessel were laid stern to wind; particularly would 
the latter be liable to happen at night, when it is difficult to see the wire 
after it has left the reel. The chief advantage to be derived from the posi- 
tion would be facility for reeling in and steaming ahead at the same time. 
On board a vessel having large running expenses, and of which nothing 
but depth and bottom-soil specimens were expected in the way of results, 
the stern would doubtless be the best place from which to sound. If strict 
accuracy in regard to depth were not required, so much the more reason 
for choosing the stern, for the wire then might be payed out slightly in- 
clined from the vertical, tending astern, to keep it clear of the propeller, 
and any risk to the wire.likely to ensue would be well taken in view of the 
saving effected by sending the vessel ahead on her course with the least 
possible delay. 

With regard to the minor considerations which might be taken into 
account when selecting a position for the sounding-machine, such, for 
instance, as cleanliness, noise, deck space, appearances, proximity to the 
engine-room bells and the helm, the whipping about of running rigging, 
&c., no discussion is necessary. 

REELING IN WHILE STEAMING AHEAD. 

The economy of making headway on the projected course while the 
wire is being reeled in from deep casts is apparent. Discussion is not. nec- 
essary to demonstrate that it can be done, for it has long been the practice 
on board at least one of the English cable steamships. The present posi- 
tion of the “Blake’s” sounding-machine (Plates 13, 14, 15) is not the best 
that could be selected for this special purpose, but the machine itself is 
suited to any angle of direction which the wire would be allowed to take.* 

The table here given shows the results of an experiment in towing 
wire from the “Blake” in 1877. The figures are chiefly valuable for show- 

* It is tu be regretted that the mnlne of the i i t w  ponitioll in tliis respect hna not been put to a teat, owing 
t o  the dredging, temperature, and water-spcimell work wliicli follo~vd n grf!Ut nuinber of the cnats ninde by the 
“ Blnke” on her recent cruise, requiring her continuance at the eounding etntion for some time aRer the caet. 
Whcu Commnnder Bnrtlett had made trll nmngemente for securing important dot& in oonuection with this nnd 
other matters suitable for publication in tliie book, it uecesenry to order the vessel north. 

11 D S 
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I 
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ing the small effect of the oscillations of the vessel in varying the strain 
upon the wire, The maximum strain nowhere exceeds the steady strain 
by more than five pounds, while a difference as great as eighty pounds has 
been known when reeling in with the wire vertical. It is to be regretted 
that the experiment was not repeated without the lead. 

EXPERIMENT IN TOWING BOUNDLNQ-wIlLE FBOM THE “BLAKE.” 
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Remarks. Remapks. 

Dllring the operation the vessel was steam- 
ing in the trough of a moderately heavy 
sea, and waa IOU and pitohins consid- 
erably, sometimes even heavily. In the 
Wst column 8 fathoms of stray-llne are 
included in the given length of wire out, 
and the strain in every cane ie that due to \ 
the pnll of wire, lead, and 8 fathoms of 
stray-llne. The lead wed wm 18 inches 
long, of the ordlnarg comqercial pattern, 

the whole weighing a4 ~ o n n ~ l n .  
aaving paid out a,ooo fathoms, we com- 

menoed to reel in by steam, the vessel’s 
8 p ~ d  being 6.8 -0th 100 fathoms oame 
upon the reel in am lW : but on attempt- 
ing to reel in the second 100 iathoms at 
the rate of about am, the vessel going 
at the same speed a8 beiore, the wire 
parted-a iaLr break, and not in a splice. 

Iltted with a BteuW8gWl SpeCblen-CUp, 

Lead and 8 fittlioms of atrny-line aubmergod. 

It is seen that when the wire parted it was being hauled through the 
water, with the lead and stray-line attached, at a speed of 8.57 knots per 
hour or one hundred and forty-four and three-fourths fathoms per minute, 
which is at the rate of one hundred fathoms in 41.4 seconds. When there 
were 2,000 fathoms out, and the vessel was making a speed of 7.3 knots, 
the wire, line, and lead were being towed at the rate of one hundred fath- 
oms in 48.7 seconds, yet the maximum strain upon the wire was only one 
hundred and twenty-eight pounds, of which about forty-five pounds were 
due to the stray-line and sinker. 
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Although the table shows that an accumulator, as such, is not required 
when reeling in while steaming ahead, yet as a dynamometer it would 
perform important service. The dynamometer, by showing the strain upon 
the wire at each instant, would permit a safe and rapid rate of reeling in 
without a resort to time-interval checks involving a considerable calcula- 
tion, or to the use of prepared tables; and should sea-weed or other mat- 
ter held in suspension below the surface of the water foul with the lead or 
sounding-rod the fact would be made known at once by the dynamometer. 

In the performance of the operation under discussion the main object 
would be to get the vessel as far ahead on her course as possible; while the 
time consumed in reeling in would be of secondary importance, and need 
be limited only by the time required to reach the next sounding station. 

If in the time that otherwise would be occupied by avessel in reeling 
in with the wire vertical, she can succeed in steaming ahead on her course, 
however slowly, and at the expiration of that interval of time can start 
ahead at' full speed with safety to the wire which is towing astern, she will 
obviously have gained by the method of steaming ahead while towing the 
wire. This suggests the following as being probably a good plan for 
general work in this particular. 

Decide on the working strain to which it will be safe to submit the 
wire that is in use. After bottom has been reached send the vessel ahead 
at a speed which will admit of a slow rate of reeling in without exceed- 
ing the- accepted working strain. Constantly keep this strain upon the 
wire-first, by gradually increasing the speed of the vessel while main- 
taining the initial rate of reeling in, and then, after the vessel has reached 
full speed, by gradually increasing the rate of reeling in. 

I have known several cases in which sharks have parted the wire by 
seizing the bright instruments attached to the stray-line. Certainly below 
five hundred fathoms, and probably below one hundred, this remote dan- 
ger will cease. When the wire is towing, the chances of being thus an- 
noyed are greater than when reeled in vertically, and it is suggested that 
the outside of the instruments might be painted a dead black or a dark 
lead-color to make them less alluring to sharks. 
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DESCRIPTION OF A NEW STEEL REEL: REMARKS ON CRUSHING FORCE. 

(Plate 16.) 

A cast-steel drum, with the two outer flanges A, A, and the three 
inner flanges B, B, B, the thickness of metal being one-eighth of an inch 
throughout, excepting at the angles C, C, where it is somewhat thicker. 

The one-eighth-inch’ sheet-steel side-plates D, D, set up to the drum 
by the half-inch steel socket-bolts E,,E, E, &c., which pass through the 
inside flanges B, B, B, and are secured with the nuts F, F, 6 % ~ .  The drum 
should have as nearly as possible a perfect contact with the side plates. 

The cast-steel friction-ring, with score G, secured to the steel bolts 
E, E, E, &c., by the iron screws H, H, H, &c. 

The wrought-iron three-eighths-inch riveted socket-bolts I, I, I, Bcc. 
The cast-iron center-block J, to which the steel side-plates are secured 

The steel axle L, to be fitted with cast-iron or steel ratchet-wheel and 

The wrought-iron or steel key M. 
The steel washers N, N, N, &c., to give additional strength to the out- 

side flanges of the drum at the points C, C. 
No brass is to be employed in the manufacture. 
This reel weighs about eighty-one pounds without the axle ratchet- 

wheel and worm, and about ninety-five pounds when fully equipped. 
The drum should exactly accommodate one fathom of the sounding- 

wire at a single turn. The diameter of a circle having a circumference 
of one fathom is 22.918 inches, and this being decreased by 0.028 inch, 
thickness of, the wire, gives as the diameter of the drum 22.89 inches. 

All tl& joinirs slmdd have, cw izeady a possible, a perfect $t, that the reel 
m y  be ’very strony as a whole. 

A reel made after the drawings shown on Plate 16 was put on board 
the “Blake” when the vessel had come under the command of Commander 
Bartlett. The view of this reel from which Plate 17 was made was ob- 
tained during a rain and the plate is therefore not very successful, 

Under the direction of Commander Bartlett, Lieutenant Wallis sub- 

by the three-eighths-inch wrought-iron riveted bolts K, K, K, &c. 

a steel worm, as shown on Plates 36, 37, 38. 
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jected the new steel reel to the following experimental test: 3,868 turns 
(4,025 fathoms) of sounding-wire was wrapped upon it under an invariable 
tension of fifty pounds. If every part of the reel and the' enwrapped wire 
remained rigid throughout, then the reel must have sustained a crushing 

). Gauges were carefully applied 50 X 2 x 3868 
-----2-m-- force of 1 7 2 m  tons; (- 

to various parts of the reel during the experiment and on its completion. 
After the whole 4,025 fathoms had been reeled up, the outer flanges A, A 
of the drum were found by the gauge to have retained the same distance 
from each other which they had at first, and no part of the reel had suffered 
any change that could be detected, excepting at the seam, on either side, 
where the side-plates are set up against the under side of the drum; here 
the outside face of the flange and the outside face of the side-plate-the 
vertical faces-were just visibly separated, whereas at first they had been 
in the same plane. The bearing contact of the joint, however, was perfect, 
and the side-plates simply gave the appearance of having been forced 
outward very slightly arid everily all around the seam. Care was taken 
to detect any excentricity, but the circularity, and the concentric relation, 
of the parts remained, apparently, perfect. The ultimate strength of the 
reel had not been reached. Should greater strength be required, the mid- 
dle inner flange might be made deeper. 

It is remarkable that the galvanized sheet-iron reel and the Navy brass 
reel should have resisted, even to the extent realized, the accumulated force 
which apparently has been brought upon themwhen reeling back from deep- 
sea casts. The explanation must, I think, be sought, first, in the elasticity 
of the reel and its coil of wire under severe compression; and, secondly, in 
the expansion upon the reel, in most cases, of a great deal of the wire that 
had been submerged-an action due to its change from a lower to a higher 
temperature soon after. leaving the water. While it is evident that the 
turns of wire, under certain relative thermal conditions of the air and water, 
may contract upon the reel on leaving the water, it is nevertheless true that 
in nearly all of the casts yet taken by the Navy and by the Coast Survey 
the reverse must have been the case. 

In a paper lately brought to my notice it is assumed that the wire, 
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in a special case mentioned-depth 1,900 fathoms-must have contracted 
soon after leaving the water, causing a great accumulated force upon a 
reel which was crushed, the reason assigned for the assumption being 
that the air was of several degrees lower temperature than the water. 
Only the temperature of the surface-water was considered in connection 
with the air temperature-air, 60", surface-water, 63", Fahrenheit. 

From records of serial temperature work previously done near the 
locality cited, I get the following relation of temperatures : Fahrenheit 
scale-air, 60" ; water-surface, 59"; twenty fathoms, 67" ; one hundred 
fathoms, 46"; one hundred and fifty fathoms, 44"; bottom, 1,900 fathoms, 
35". A few degrees of daily change in the temperature of the air or the 
surface-water will effect but little change in the water temperatures below 
ten or twenty fathoms. 

From the figures given it is at once seen that in the case discussed by 
the paper in question the wire must have expanded on the reel. Every 
part of the submerged wire, excepting the upper one hundred fathoms, must 
have left the depth of one hundred fathoms, in the ascent, at a temperature 
certainly no higher than 46", and in less than one minute and thirty sec- 
onds thereafter, as shown by the records, it was resting upon the reel. 

REELIl't G-ENGINE AND ACCESSORIES FOR SOUNDING PURPOSES. 

During my first two years on board the "Blake" we reeled in the 
wire by means of a long rope belt taken over the friction-score of 'the reel 
and led through blocks to a large hoisting-engine fastened to the deck abaft 
ihe pilot-house, in the same place afterwards occupied by the engine shown 
on Plates 30, 31,33, and others. Plate %'(Figs. 1 and 2) will give a good 
idea of the length of belting required, G being the sounding-machine and 
A the hoisting-engine. Afterwards a Snyder horizon tal engine was placed 
upon the bed-board of the experimental machine, as shown on Plate 7; it 
is also located on Plate 29 (Figs. 1 and 2), G and H indicating the sound- 
i ng-machine and reeling-engine, respectively. With this we have reeled in 
as fast as one hundred turns-more than one hundred fathoms-in twenty- 
six seconds, and a speed of one hundred turns in forty-five seconds was a 
very common occurrence. The connection between the reel and the small 
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Heliotypr Prinfinp Co., 220 Dmonshirr St., Boston 
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engine was made by a rope belt, for the reception of which the engine 
was provided with a V-groove fly-wheel. For tightening the belt I 
designed a pair of tightening-pulleys, which are shown imperfectly on 
Plates 7, 13, and 14. This arrangement may be described as follows: A 
standard, to the lower part of which a stud-bolt is fastened to form a pin or 
axle on  which the lower pulley may revolve freely. The upper part of the 
standard is squared, and sliding freely upon it is a collar, to which a second 
stud-bolt is fastened to form a pin or axle on which the upper pulley may 
revolve freely. The upper part of the sliding collar is shaped so as to be 
capable of holding annular lead weights. The lower part of the endless 
belt is led over the top of the lower or stationary pulley, and the upper 
part under the upper or sliding pulley. Any desired degree of tightening 
may be given the belt by adding weights to the sliding collar.” 

When the latest form of the Sigsbee sounding-machine was put on 
board the “Blake” it was not convenieiit to place the little reeling-engine 
upon the bed-board while the strain-pulley was retained. Accordingly, 
the engine was placed as shown at H, Fig. 3, Plate 29--6 being the new 
sounding-machine. 

Plate 18 shows a small incline reeling-engine, designed at my request 
by Mr. Earle C. Bacon, of Messrs. Copeland & Bacon, New York, and 
intended to occupy the place upon the bed-board of the sounding-machine 
at present assigned to the strain-pulley. The cylinder is of Mr. Bacon’s 
patent trunk pattern, of five and a half inches bore. The standards are 
joined at the bottom, being cast in one piece, and are cored out in order to 
make them as light as strength will permit. The V-groove pulley, as 
shown, might be dispensed with, and the fly-wheel given three scores, cor- 
responding to those on the strain-pulley.? On board a vessel permanently 
engaged in deep-sea sounding such an engine would doubtless be connected 
with the boilers by piping; but for use on board vessels not likely to 
retain the sounding-machine as a,fixture, rubber steam-hose might be used 
for the steam and exhaust pipes. In 1879 Mr. Bacon offered the following 

(See also Plates 13, 14.) 

__  -. - _ -  - - 

* The tighteoingpulley deeigned for the new machines, now being made for the Navy and for the Coast 

t At my request Mr. Bacon has changed the desigii somewhat, placing the cylinder between the etandarde, 
and Cfeodetio Survey, is an improvement on the form deeoribed. April, 1880. 

with ita axin vertioal. The size of the bed-plate is eighteen inohee by ten and a halfinches. April, 1880. 
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prices: For the engine complete, without cbnnecthg hose or piping, $225 ; 
for rubber steam-hose, three-quarter-inch inside diameter, five-ply, and 
served with marline, fifty cents per foot; for rubber exhaust-hose, one 
inch inside diameter, three-ply, and served with marline, fifty cents per 
foot; couplings, $6 per set. The “Blake’s” reeling-engine was worked with 
a pressure of steam ranging from sixty to seventy-five pounds, for which 
the above-mentioned hose is adapted. The New York Rubber Belting 
Company advertise various grades of rubber steam-hose. 
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PLAN OF PATENT TRUNK REELING ENGTNE F O R  THE SIGSBEE SOUNDING 
MACHINE -TO OCCUPY THE PLACE ON THE BED BOARD AT PRESENT A S  - 
SlCNED TO THE STRAIN PULLEY. SHOULD T H E  LATTER NOT BE REOUIRED 
DESIGNED BY MR.EARLE C.BACON O F  MESSRS.COPELAND AND BACON,N.Y 



C E A P T E R  IV. 

WATER SPEOIMENS, DENSITIES, TEMPERATURES, AND CURRENTS; 
A.PPARATU8 AND METHODS. 

DISPOSITION OF WATER AND SOIL SPECIMENS. 

The specimens of bottom soil ’or material obtained by the “Blake,” 
during her sounding operations, were preserved in glass bottles which were 
simple cylindrical tubes closed at one end in the manufacture, about two 
and a half inches long and three-fourths of an inch in diameter, resembling 
a small plain beaker-glass, or the cylindrical part of a test-tube. Bottles 
of this kind are a commercial article, and may be obtained, I presume, in 
any large city. The wide, unobstructed mouth, which is a convenience 
both for inserting and extracting the specimen, should be closed with a 
flat selected cork, 

The glass bottle for the preservation of water specimens was of A 

commercial pattern, having a very small neck and mouth, to close which 
we used a long smooth cork. Its capacity was eight ounces. 

As an additional precaution, the corks of all bottles containing speci- 
mens were well waxed. In this state, and labeled with the forms shown 
on the next page, the specimens were sent to the office at Washington on 
the completion of each season’s work. 

No attempt to analyze water specimens was ever made on board the 
“Blake.” Shortly before Professor Agassiz joined us for the dredging 
operations he had procured apparatus with a view of doing something in 
the way of gas analysis, but he afterwards decided that the proper facilities 
were not to be had on board the vessel. He suggested, as a plan for the 
future, that a properly furnished station be established on shore, convenient 
to some deep-sea basin, whence water specimens might be delivered to the 

=DEI 89 
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station by the quick runs of a steamer detailed for the purpose. With a 
station at Tortugas, .for instance, the “Blake” could deliver a specimen 
from 2,000 fathoms within twelve hours after its reception on board. 

U, S. COAST BND CIEODETIC SURVEY, 

Depth of sounding ____________._________________.___ Fms. 
Depth qf specimen _______________.__________________ Fms. 
Speeifie gravity _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  at 

temperature of Fahr. 
-411 speclmens taken at any aouiidlng are glven the serial 

number of that soundlng. 

U. 6, GOABT AND OKODKTIC BUBVBY, 
CARLILI P. PATTXMOII, fipurlnrrtulmL 

Steamer “ B-:’ 

U. 9. X., Cmmendlng. 

SPECIMEN OF THE noflOX. 
Iacallty : _ _ _  _ _ _ _ _ _  _ _  
Date: 18 . 
Lat. N., Lono .__________ W. 
No. sl specimen---. _ _ _  , Line 
Depth: Fms. 
Character al apeelmen: .____________ 
.-____------__-.-___------------- 
With what apparatlrs obtulnsd:. - -. 

REMARKS ON WATER-CUPS, WITH SPECIAL REFERENCE TO THE SIGSBEE WATER-CUP. 

Water-cup or water-bottle is the name generally applied to the instru- 
ment by means of which sub-surface water specimens are obtained. The 
work required of the cup or bottle, at  any cast, is to bring a specimen from 
the greatest depth which the instrument reaches. Nearly all kinds of 
water-cups are provided with valves which are kept open by the resistance 
of the water during the descent, permitting a current of water through the 
cup, and which, on the ascent, are closed by their own weight or by the 
resistance of the water, thus preventing a reverse current from ejecting 
the inclosed specimen. With the exception of the Sigsbee water-cup, 
shortly to be described, there is no instrument known to me with the use 
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a 

WATER SPECIMEN CUP F O R  GETTING A SINGLE SPECIMEN AT EACH HAULiINDEPENDENT POPmT VALVES 
USED IN THE COAST SIJRVEY FOR A NUMBER OF YEARS. 
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of which, collectively, unimpaired specimens may be secured from more 
than one depth at a single cast. 

Leaving the Sigsbee cup out of consideration, the water-cups in gen- 
eral use niay be divided into two classes-viz, free-valve and lock-valve 
cups. In the former, the valves are ‘free to act during all stages of the 
cast, but the valves of the latter fall and lock immediately at the first 
ascending movement through the water. In order to use water-cups 
collectively it is necessary to make stoppages for the purpose of clamping 
the siiccessive cups to the rope during the operation of paying-out; and 
afterwards, when hauling back, a separate stoppage must be made to remove 
each cup as it comes to the surface. The rising and falling of the ship, 
which imparts a corresponding movement to the submerged water-cups, 
must be accepted as a condition attendant on the work; hence all free- 
valve cups are liable to empty their contents at any stoppage on the ascent, 
and lock-valve cups niay have their valves closed and locked at the first 
stoppage during the operation of paying out: 

A short time before he was detached, my predecessor in coininand of 
the “Blake” had been directed by the Superintendent of the Coast and 
Geodetic Survey to give special attention to the collection of water speci- 
mens from serial depths at various stations in the Gulf of Mexico, particu- 
larly off the iiiouth of the Mississippi River. The great delay on our lines 
of soundings which would result from the use of ordinary water-cups to the 
extent demanded by our instructions was at once apparent. The only form 
of cup that had previously been supplied to the “Blake” was of the kind 
shown on Plate 19. This had independent poppet-valves, and therefore 
belonged to the free-valve class. To meet this exigency in our work it  
appeared that soine form of lock-valve cup should be designed, the use of 
which, collectively, would obviate the necessity of multiplying the casts 
for each station at which water specimens were to be obtained. It was ;ti1 

indispensable requisite that the proper action of the valves of such cups 
should be independent of the oscillatioiis of the ship; that the valves 
should be free to open during the whole period of paying out, and that 
they should be kept closed or locked from the time of begiiiiiiiig the ascent. 
Sooii after joining the “Blake” I devised CL cup which in its working sceiiied 
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to satisfy these conditions. This cup was improved from time to time, and 
is herein shown in its latest form. (Plates 20 and 40.) 

DESCRIPTION OF THE SIGSBEE WATER-CUP. 

(Plate 40.) 
In Appendix No. 55, page 192, United States Coast Survey Report for 

1854, is published a report by Assistant J. E. Hilgard concerning the action 
of sea-water on the metals used in the construction of certain instruments 
which, by the sinking of a Coast Survey schooner, had been submerged 
three weeks in five fathoms of water. Assistant Hilgard makes this remark: 
“German silver, an alloy of copper and nickel, was hot tarnished in the least 
degree, BOT did it become so when afterwards exposed to the air without b e h g  
cleaned with .fresh water.” 

Probably. the economy effected by using water-cups collectively would 
warrant the expense of making them wholly of German silver, although in 
the Sigsbee water-cup it is employed only for the more delicate working 
parts, the action of which might be seriously affected by corrosion, and the 
cleaning of which would be difficult. All parts not specified in the follow: 
ing description as being made of German silver are of brass. 

The cylinder A (Figs. I, 11, 111, IV, V). 
The thicknem of metal to be no grener than is required for the turning of a atrong ecrew-thrend nt 

either end. 

The lower valve-seat B (Figs. I, 11, 111, IV, V), which screws to the 
cylinder by a right-hand screw-thread. 

Though the lower valve-sent mny be removed, this ie not necessary for cleaning; there being no sharp 
angle at  ite imide junction with the cylinder, n cleaning rag thrust into tho cylinder from nboro mny be made to 
rench all parte. 

The detachable upper valve-seat C (Figs. I, 11, 111, IV, V). 

The upper poppet-valve D (Figs. I, 11, 111, IV, V) and the lower pop- 
pet-valve E (Fig. I), connected by a stem, the valves being adjustable by 
means of a long, fine screw turned on the connecting stem at F (Fig. I). 

This is made detachable that the rnlves may readily he remored for clenning the pnrts. 

The connecting stem lthould be made of the snnie material as the cylinder and the vnlves, so that all may 
expand or contract in the enme proportion under chnnye of kmpernture. It should not be secured to the lower 
valve by passing through it,.thus nuking a joint through tho valve, but should be fmtened with n screw, ne 
shown faintly in Fig. I, the threads then being soldered. The stem proper of the lower valve is squnrrd ut itR 
lower end for the reception of a clock-key or ciwik, that the valves may be adjust4 to their respective seutn. 
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L. S. COAST SURVEY. 

PLATE 20. 

DEEP-SEA s o u m I w  AND DKEDGIXG. 

T H E  SIGSBEE WATER SPECIXIEN CUP, FOR GETTING SPECIMENS FROM VARIOUS DEPTHS AT A SINGLE HATJL, 
THE CONS’I‘RULTION 1s BY USING A SEPARATE CUP FOR EACH DEPTH FROM WHICH A SPECIMEN IS REQUIRED. 

SHOWS OX PLATE 40. 

Ffeliofy#c Prirtti,rc Co., ZPO Deuoi:sLirr S/. , Gosfus .  
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A small German-silver compression-spring at G (Fig. I). 
To prevent n too ensy diaturbnnce of tlio ndji1stmont of tlie viilves, for wliich pu iy~se  the spring nlioiild bo 

under a considerable pressure when tlie vnlres nre ndjiistecl. 

The frame-work H (Figs. I, 11, 111, IV, V), fastened to the cylinder 
by a kft-hand screw-thread, inclosing the upper valve-seat. 

A 2Cf-lu~nd tlirend is eniployed that the action of the spring-clamp (tu be referred to lierentter) niny not 
open tliejoiiit. The parts forniiiig the joiiit should bo ground into place to make a close contact. 

The German-silver removable sleeve I (Figs. I, 111). 

The brass pin J (Figs. I, 11, 111, IV, V). 
The Gerrnan-silver shaft K (Figs. I, 11, 111), with Tight-Jmzd screw- 

threads (forty-four to the inch) at L and M (Fig. I). 
A German-silver propeller or fly; composed of two bent blades N, N 

(Figs. I, 11), the hub 0 (Figs. I, 11, IV), the inside screw-thread P (forty- 
four to the inch) (Fig. l), the guide-cap Q (Figs. I, 11, IV), removable, 
but fitting tight on the hub ; and the beveled lugs R, R (Figs. I, 11). 

To perinit the rernovnl of tlie propeller-elinft froin itn benriiiga. 

Tlie ligliter tlie propel l t~ tlie better, 11s \vi11 b u  neeii liereutter. The pitch of the proprllcr will Idho Le 
referred to fiirtlier on. The guide-cnp mid tlie lowei- eiid of tlie Iiub ui’e niade to fit close eiiougli on tlie slinfi to 
preront grit or dirt froni getting insidu niid nnioiig tliu #crew-threads, but they slioultl be ciipable of didiiig very 
freely on tlie slinft. Tho thrends ot’ tlw liiib nnd ~ l i i r t t  nlloiild work together 80 freely IIE to perinit the propeller 
to be revolved by n piiff  froin tlie Lrentli. 

The German-silver bouching S (Fig. I), soldered to the frame-work. 
A German-silver screw-cap, with milled head T, T (Figs. I, 11, IV), 

beveled slots U, U (Figs. I, II), and inside screw-thread V (Fig. I). 
Tlie cnp nlioiild fit the nlinft in the inaiiiiel’ desclibed for the pmpellel*-l~ub. btweel i  the scre\v-cnp nlld 

the l)oiic*liiiig S tlicre should be a conridernble cleni~~nce, do iiicli or inore. 

A clamp composed of the two lugs W, W, the pivot-screw X, and the 
German-silver or steel spring-wire Y (Figs. 111, IV, V). 

If these c ’ h i i l J 8  nru mlrde wit11 the upper ilrtu of the 1ever u decidttd loop, 118 H I I O W l 1  on the t~~ertiloil~vter 
cwen (Plates 2 a i d  s), t h y  may be used on niiy size of souiiding-rope. To cliaiiye the power to suit different 
sizes of rope it is oiily necesnlrry to buiid tliu loiig iiriii of the levei- sliglltly a short dinhnce below the pivot- 
ecrew X. I have never kuown n ca1ne 
of slippitig with tlieni. 

I t  taken but a few wcoiidrc to iittitcli or reinove :I cup Mitli tlieae clirinps. 

The cost of the water-cups is about $26 each. 

WORKING OF T H E  SIGSBEE WATER-CUP. 

TO Adjtt8t tibe ~‘cczvvee.-HOld the upper valve firmly, and unseat the lower 
valve by screwing it upwards. Then, maintaining tlie upper valve on its 
seat with the finger-or, better, by turning the screw-cap donrii upoii it- 
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reseat the lower valve gently. In general, it will be necessary to readjust 
the valves only after the cup has been taken apart for cleaning or for 
other purposes. 

The cup when in use comes to the surface filled with water, the screw- 
cap pressing upon the upper valve, thus securing both valves, and the pro- 
peller resting upon the screw-cap. To remove the specimen from the cup, 
first lift the propeller, and by giving it a few turns cause its threads to en- 
gage the screw-threads on the shaft; then turn up the screw-cap until it 
uncouples. With the cup-in this condition the valves may be lifted and 
the water discharged. When the screw-cap is pressing upon the upper 
valve the threads inside the former are engagei with the threads of the 
shaft, but, on screwing up the cap when its lower thread clears the upper 
thread of the corresponding series on the shaft, the cap uncouples, which 
prevents any mistake being made at  this point by the person who is hand- 
ling the cup; afterwards the screw-cap may be turned in the same direc- 
tion indefinitely without jamming or changing position along the shaft. 

With the screw-cap up, and the propeller in any position, the cup is 
automatic, and may, if desired, be lowered into the water with no further 
preparation; yet it is a good practice to first screw up the propeller by 
hand to observe if tlie threads are in perfect working order. 

Assuming the propeller ta be low down on the shaft, or even resting 
upon the screw-cap, the action of the cup in the water is as follows : 

As it descends the valves are lifted and held up by the resistance of 
the water; by the same agency the propeller is revolved and carried up- 
wards until, like the screw-cap, it has become uncoupled, after which it 
revolves freely on the shaft impinging against the German-silver sleeve I. 
If the propeller hub were allowed to come in contact with the sleeve while 
the screw-threads were still engaged it might remain impacted during the 
subsequent ascent. To insure uncoupling at the proper time, the guide- 
cap, which fits over the top of the hub, must be set well home in its posi- 
tion when the propeller is fitted to its shaft. It will be iioticed that the 
blades of the propeller are bent along their upper edges. With the blades 
thus bent, aid all parts of the propeller made very light in weight, it has 
been found, experimentally, tliat tlie alternating inoveinerit of trailslation 
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imparted to the submerged cup by the inotioiis of the vessel in a sea-way 
will cause the propeller, when engaged with the threads on the shaft, to 
gradually screw up rather than down. This shows that stoppages in the 
descent, whether to attach additional cups to the rope or wire, or for any 
purpose whatever,.may be made with safety if the vessel be kept idle in 
the water, that is, without headway or sternboard. Were the blades not 
bent it is evident that the propeller would gradually screw down by the 
same alternating movement, since its weight would assist its action in 
screwing down but resist it in screwing up. Even thus, experiments have 
shown that with the alternating movement continued for a longer time than 
would probably be occupied at any stoppage, the propeller would screw down 
on the shaft only a small proportion of the whole distance over which it 
must pass to reach the screw-cap. It is plain that, in the event of such 
action, the propeller would rise and uncouple each time that the descent 
was continued. However, the bending of the blades insures safety, and the 
valves are left free to open during the whole descent. At any stoppage in 
the descent each cup has within its cylinder a specimen of water from its 
locality at the time being, allowing a margin of one or two feet. 

Immediately the ascent is begun the valves of each cup are pressed 
firmly on their seats by the resistance of the water, and each propeller 
begins to screw down along its shaft under the same influence. When the 
upper thread inside the hub of the propeller clears the lower corresponding 
thread on the shaft, the propeller uncouples and drops upon the screw-cap, 
which it clutches. The screw-cap is then carried down until it comes in 
contact with the upper valve, from which position it cannot be removed by 
the action of the water or of the propeller. Both valves having thus 
become locked, stoppages may be made thereafter during the ascent with- 
out risking the identity of the inclosed specimen of water. 

The distance through which the cup must pass in order that the pro- 
peller may traverse the shaft and lock the Galves may be varied by altering 
the pitch of the propeller blades. As shown in the drawhgs, the propeller 
would probably not perform its whole wprk short of fifty fathoms. I 
settled on about twenty-five fathoms as the most convenient distance. 
With this distance it would not be prudent to require the uppermost cup to 
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bring a specimen from nearer the surface than fifty fathoms. If the pro- 
pellers were arranged to lock the valves in an ascent of about twenty-five 
fathoms and the uppermost cup were lowered only to a depth of ten 
fathoms, for instance, obviously, when that cup had arrived at the height 
of the vessel’s deck, the submerged cups having passed through a distance 
of only about twelve fathoms would not have become locked. 

In Chapter 11, page 40, the importance of keeping valves clear of 
muddy or gritty bottom has been stated. When a specimen of bottom 
water was desired the custom on board the “Blake” was to fasten a cup 
about two fathoms above the sinker. A method of fastening a Miller- 
Casella thermometer case to the water-cup is shown on Plate 40. This 
method was intended to save time when the temperatiine and a specimen 
were to be obtained from the same depth. Since that drawing was made 
all the thermometer cases on board the “Blake” have been fitted with 
spring-clamps, rendering their attachment to the rope, independently, an 
easy and rapid operation. (Plates 2 and 3.) 

Each cup, as soon as discharged, should be thoroughly rinsed j n  
fresh water. Water-cups were lowered by a rope, which for convenience 
we styled the temperature-rope, to be described shortly. 

An explanation of some additional points connected with the cup is 
given for the benefit of those whose tastes may lead them to improve on 
what we have done; it being desirable that such persons should know 
the intention which induced the peculiar fashioning of the various parts. 
This, while suggesting to others, perhaps, a better mechanical shape, 
especially in details, may prevent a useless sacrifice of good features in 
the adoption of new ones. 

A cup made from the drawings and scale of Plate 40 will be of light 
weight and convenient size, holding about twenty-two cubic inches of 
water. If a little more water be needed, the cylinder, connecting valve- 
stem, and the long arm of the spring-clamp may be lengthened, no other 
changes being made. In this way the Sigsbee cups furnished the Arctic 
exploring steamer “Jeannette” were given a greater capacity than those 
made strictly by the drawings and scale of Plate 40. For the “Blake’s’’ 
dredging cruises especially large cups were made, larger perhaps than would 
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now be thought necessary. These were about twelve inches between valves 
and of two and one-half inches diameter of cylinder, inside, holding about 
fifty-seven cubic inches of water, which is a little more than a quart. They 
weighed six and one-half pounds each, and were used with impunity at 
the end of the sounding-wire; but since the main object is to use the cups 
collectively, it is an obvious advantage to have them of lighter weight if 
possible. 

A very pertinent question which has often been asked is this: “Will 
the threads of the propeller-hub and shaft always engage each other as 
desired, that the two parts may couple after they have been uncoupled?” 
No failures have occurred in this respect, and, in  fact, there can be none 
when the threads are in good condition, for the hub being guided at each 
extremity its movement must be true. 

The area of the upper valve proper is less than that of the lower valve, 
the set thus forming balance-valves. This arrangement resulted from a 
suggestion by Lieut. J. E. Pillsbury. It being thought doubtful. by some 
persons that poppet-valves would always lift by the resistance of the water, 
Lieutenant Pillsbury suggested balance-valves for the purpose. It was at 
once evident that the use of valves so arranged would not only secure a 
favorable result in the descent, but that a desirable benefit might thereby 
be secured when the cup was ascending. When the cup enters the water, 
there being only atmospheric pressure in the chamber of the cylinder, if 
the valves do not lift there must soon prevail, as the descent continues, a 
greatly preponderating and constantly increasing pressure outside the cup, 
.which must raise the connected valves. Once a current is established 
through the cup the resistance of the water acts upon the under surface of 
both valves. On the ascent both their own weight and the resistance of the 
water operate to close the valves. The valves once closed there is soon a 
preponderating pressure inaids the cylinder-since the pressure outside is 
constantly lessening-and the effect of this is to seat the valves firmly. 
While it may be thought that these points are too fine to be of practical 
advantage, it is nevertheless true that there is nothing lost by having the 
mechanical arrangement of the valves theoretically correct; while by having 
the upper valve the smallerthereis gained the undoubted practical advantage 

13 I) ff 
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of exposing to the resistance of the water, in the descent, the largest possi- 
ble area of the lower valve and the projecting flange of the upper valve. 
The downward extension of the lower valve-seat is intended to concentrate 
the effect of the resisting column of water on the under surface of the 
lower valve during the descent. Lieutenant Pillsbury proposed putting 
an air-tight bulb on the connecting stem of- the valves in order to render 
the specific gravity of the valves and stem thus fitted only slightly greater 
than that of sea-water. The idea is ingenious, but its adoption is hardly 
necessary. , 

When a cup comes from the water the screw-cap is usually found to 
be more tightly set against the upper valve than can be attributed to the 
force which the small propeller could have exerted under the circum- 
stances. Probably the following causes operate to effect this: First, a 
slight preponderating pressure within the cup; second, the expansion of 
the metal in the change from a colder to a warmer temperature, the screw- 
cap and upper valve having come in contact when slightly contracted by 
the low temperature of deep water. 

The cup may be taken wholly apart without the aid of a screw-driver. 
In detaching the screw-cap and the propeller f rom the shaft care must be t a h  
qot to injure the delicate screw -threads by str@ping them. 

Lieutenant S .  M. Ackley proposed making a hole through the cylinder 
just below the upper valve-seat, and covering this hole securely yith a thin 
piece of sheet-rubber as a permanency, the object being to prevent the 
possible escape of gases past the valves by making provision for their 
expansion within the cup. It would be interesting to experiment with 
this device. Any distension observed in the rubber disk or diaphragm on 
coming out of the water would probably recommend its adoption, although 
by its use the valves would cease to be balance-valves. 

A stop-cock device for transferring the water froin the water-cup to 
another vessel without exposure to the atmosphere has received attention, 
but the degign has not been completed. 

WATER DENSITIES; HOW OBSERVED. 

If a water specimen was to be saved for future examination its density 
Early in our work we were provided by the was taken before bottling. 
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office with a special scale-areometer and its accompanying thermometer, 
which we always used thereafter. These instruments having been already 
described in  Appendix No. 16. Coast Survey Report for 1874, the appendix 
is giwn below: 

[Froni the Unnlted S'tetos CORa SurVsy Ropsrt for 1874.1 

APPBNDIX No, 16. 
DESCRIPTION O P  AS OCEAN SALTNOMETER, BY J. E. HILGARD, ABSISTANT UNITED 

STATES COAST SIJHVEY. 

The densiIy 6f een-wnter in different lntitsdes and R t  different depthe in nil ehmeilt of so meat 
iinportnnce in the study of t m m i  phyeics na to huve caused a grent dcnl of attention to be psi4 lately 
to its deterininntiou. The instvumerits eiiployed for the puqruec~ linrtl been, alniuet without exception, 
nrromrtrrB of vrrrious fiirtue, TIJC diii'enmcee of denbity I(S arising from edtincss ?ire RO small h t  it js 
nrcernnry to Imve n very sen6tive iiiatrun~en~. As the density of ocenn-wnter at the temperature of 6 O C  
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from 603. 
will be the reading of the sdinometer at the standard temperature of 600 Fahr. 

Apply this product aa a correction, with proper sign, to the reading of the salinometer, and the reeult 

Ezomp&.-Actual reading of thermometer = 800.6; actual rending of salinometer = l.Wd%. 
Opposite 800.5 in Column I1 is +0.0001585, which multiplid by 20.5 given as a product +0.003!!9. 

Add this to the observed reading of salinometer, and 1.0!2750 will rault  as the reading of the salinonieter at the 
standard temperature. 

-- _. _ _ _ _ _  . . .- . . . . . . - I hff. for re- I: !-;en: for ro- ! 
d$lon to I j  Temp. duction to 

I I 800. 

..~.... 
0. BW)43 
1.00000 
1.ooo81 
1.00142 
1.00221 
1. Oaml 
1. ooun 

0 

bo 
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6% 
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-0.000108 
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-0.ooollS 
4.ooO116 

4. ooo120 
-0. OUO120 
4. 000120 
4. 0001‘20 

-o.oooiin 
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fil 
62 
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e4 
05 
66 
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+O. 000000 
+o. oo0190 
+o. oO0135 
+O.O00137 
+O.ooU137 
+n. 000138 
+ 0 . ~ 1 4 0  
+O.OML41 
SO. 000142 
+o. om143 

0 

70 
71 
75 
73 
74 
76 
70 
77 
78 
I9 

+o. Ooolld 
+0.000146 
+0.000147 
+O.Oonl48 
+O. OUO149 
+o. ooo161 
+n. mm 
+o. OOOlM 
+lJ.OGfJlb!I 
+O.a)0161 

A method quite ditferent in practice for determining the density of sea-water haa beeii suggeetd by Prof. 
Wolcott Gibbq of Harvard University. It dependa upon the determination of the index of refractiou by meanr 
of an angular inetrument similar to the sextant. As all navigatorn are familinr with the uee of the sextant, and 
as the observation cau be made without hinderance from the motion of the ship, thie form of the inrtrument may 
be found to poasess certsin advantagee. 

KOTR IN 1876.-When tlie table of reductions for temperature above given waa constructed, the inveilti- 
gatione relative to the mime subject made by Thorpe and Rdcker (Royal 6ociety’a Proceedinp, January, 1676) 
were not known. The following comparison of the results of the experiments ou the tliermul dilation of &a- 
water, m taken from Professor Hubbard’s tables and aa derived from the results of Thorpt! and Riicker, show 
the differences within the rauge of tempemture covered by our table of corrections : 

. .- 
I I V o 1 u m e. I 

Tempen- 
turn. 

Hubbard. 

0 1  

bo I 0.63895 

. . - ._ - . . - - 

An optical densimeter, invented by 

Thorpe and 1 
Rucker. 

I 
0.98002 I 

0 . m  
1.00000 
1.ooob9 
1.0(1127 
1. oowt, 
1.00280 
1.KW4 

. 

Professor Hilgard, was not made 
wholly available for use on board the “Blake” during the period of my 
command, but Professor’ Hilgard has been kind enough to prepare for this 
volume the following abstract of Appendix No. 11, Report of 1877, United 
States Coast and Geodetic Survey, in which the instrument is described. 
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HILOARD’S OPTICAL DENSIMETER FOR OCEAN WATER. 

[From Coast Survey lloport for 1877, Appondlx No 11.1 

The determinntion of the density of tlie ocean in different parte of the world, and at various depths, is 
admitted to be an element of the physical condition of our globe which it is importniit to determine with 
grent precision. As the ob,ject of this notice is only to describe a new iiistrument for finding such deiisities, 
there is no occasion to discuss the itnportniice of their nscertainment further tliriu to consider tlie degree of 
precision requisite for useful results, nnd wliich citn be renched by the itiatrunrentiil nieaiis avnilnble on ship- 
board. Account is taken only of the deneity of Ocean water uninfluenced by the immedinte proximity of 
fresh-water streams. As the seneible effect of such is vnriuble in different sensona nnd nt dicerent stages of 
the tide, no great precision in ntiy single obstwntlon of the density of the water in useful, becnuse the densi- 
ties will diff’er sensibly i n  ndjncent threcidw of t.lie curreut, and the vnlue c:nn on1.v be obtained by the avernge 
of a great number of oberyatioiis of nplroxini,nte nccurrtcy. Ordiiiury Irydruinetrr-flouts rnirging from the 
density of freuh water to tlint of OCPUII writer, with it steiii of three iiiches graduated f i m i  1.000 to 1.030, will 
sufficiently serve such experimentnl purpowv. Wheu, however, we get nway from st~cli lwnl coiiditiotis, nnd 
inquire into the general regimen of the oceit~i, sff’wted in pnrt by the frrPIi-wntrr outflow froin the ci~iitinents, 
but nininly by the general thermnl circulatioii, it becomes ittiporlniit tq, nwnuiire the differatices of driisity with 
the greatest precisioii tlint cnn prnctically be obtaiiied. 

Thest! considerations lire equally impoi tniit with rrgnrd to tlie dtwity of’ orenii writer iIi different pnrt* 
of the aurfiice und tit various del’tlis. If the ~pc~inieria secured coultl be preserved without seiiaible chaiige 
until they could be opportonely sulimittrtl to n laborntory investigatioii, the task of the iinvnl ofticer would I)*! 
reduced to collecting speciniens nud liarmetically seuliiig the111 up, but  it ia ~ ~ ~ I I L U I I I I ~ ~ . ~  to bt! uuppsetl tl i itt  lit. 

would have, a desire to nscertniii the results fur Iiimself. 
The wniit of suitaltle itiatruniriits lit18 l i r v ! ~  met tu .a certnin d r p e e  hy Iiydrolnetelu (wliicli might pi’iqi- 

erly be cnIIed “atun&zts”) sprciuIIy nditpttd to sea-water. This tilethod of nacrrtaiuilig the tleiiaity dbes iiot. 

bow&trr,sdtnit of great preciaion U I I  shipboard, bwnuae the float. piwtalcea of tlio moveiiieiita of the vrasel, 
niid oscillates between wide liinitr--witIer i i i  pr~~portiuii to its Pmeitivriirs*, cud ge~i r~nl ly  ~ i ~ i ~ o ~ t i f o ~ i i i i i l ~ l ~  t i ,  

the oscillations of the ship. . Hence it bcmmes very difficult to rend tlie avtiritge Iiositioir of the float wit11 u Piif- 
ticieiit degree of precision, unlese the sea br exceptionally calm. 

The avernge density of rlie ocenii properly sprakiirg, unatfkted by lociil ouuses, will iiot vary. wheii 
retluced to a common temperntiire, ~iiore tlinn oiie-tli!iireitndth pnrt from the nverttge value. It is tlierefore IIM- 

essary, in order to obtain any usrful results. that the density should bo nscertniiird to n t  lenet one-tvii-thou- 
snndth part of the whole, nr practically II uiiit in the fourth decimal plnce. Now. a hydrometer or stem-joat of 
that degree of sensibility, while perfectly nvuilnble on shore, is so susceptible of the tiiovemeiit,s of the vessel 
a generally to reiider ohscrvntions quite impracticable ou shipboard. Far tliia Iymou it  has been drrinwl 
advisable to abniidoii tlint moet direct mode of nscertaining the deusity, and to resort to other means offered u* 
by physical science. 

With this view, tlie opticnl deuuiiiieter, dcacribed below, lins bee11 devisrtl, which obviutes nll the difti- 
culties arising from tlie niowmrnt of the reseel. The baais of this insfruinelit ia the chnnge in the refiuctive 
power of II d i n e  solution of greutw or lees dimity. The instrument consist@, substaiitiully-, of n Iiollo\v pr im 
filled with the water under observirtioir, trntistnittiiig from 11 collimnting telescope it line of moiroclir~~~iiatic light 
to an observing telescope in wliicli the refracted position of that. h e  is rend hy tilenus of a niicroiiieter. The 
motiocliromutic light eniployetl i w  n sodium flriiiir, oblniiied by iiddiiig 11 sinall prol~ortio~i of a solution of wm- 
nion salt to the alcohol of the lamp. The nccompnnyitlg illuatratiou exhibits the iuatrtinient in the proportione 
that l~uve been found advantageous. The tempernturn of the liquid under obaervation is found by meaus of 
a thermometer inserted through the neck of the liollow prism, but which is withdrawn when the optical obser- 
vation is made. 

Attocbed to the stand cnrry- 
iug the telescopes nre two guides, by menns of which the prism is mnde nlwiiys tu occupy exactly the snme 
position, so that all observntions are made under the same angle. A smnll thumbscrew on the eide of the prism, 
not seen in the plate, forces the prism closely into the guides, 

The glass prism rests nu three little knobs, so as to have a firm support. 
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I t  is obvious that the sensibility of this apparatus is not affected by the movements of the vessel, and 
that  its power of measurement might be increased by either enlarging or  increasing the power of the telescopes, 
or by introducing an additional prism. But  it will be seen at  once that the practical accuracy iR limited to the 
ascertainTent of the temperature at which the observation is  made. 

E.--HIIGARD'S OPTICAL DENSIMETER. 

Now, a t  the average temperature at which such observatioi~s would be made--nay 680 3'. or 300 e.-,, 
change of one degree Fahrenheit causes a change of specific gravity of about 0.0002,and since we cannot 
expect to ascertain the temperature more correctly tban within two or three tenths of a degree Fahrenheit, i t  
is obvious that any attempt to ascertain the density more nearly than 0.00006 would prove futile on that 
account . 

The observations made with the optical densimeter show that a single determination by this instrument 
porsesses that degree of accuracy, and any greater degree of refinement would be lost in the uncertainty of the 
phyrical conditions of the specimen. 

The  reading of distilled water being a fixed point on the scale of reference, it is not necessary to observe 
distilled water for every determination. A frequent check should, however, be made of the constancy of this 
readinp 



SPECIMENS, DENSITIES, TEMPERATURES, AND CURRENTS. 103 

The following will serve as an example of record and reduction of observations: 

No. of 
wnple. 

I I 

_ _ _ _ _ _ _ _ _  j June 28 

! 
I 

June ?A June 28 

June 22 ’ June 28 ! 

Yicrome 
ter red- 
in@. 
- .. __ 

274.8 
76.4 
76.1 
70.1 

276.4 

276. 9 

666.0 
b4.0 
54.9 
64.8 

eb3.8 

W. 6 

M8. 0 
68.1 

67.9 
m. 1 
18.2 

I 
I : 068.3 

R e d u c e d  

I mading. 

302.6 -------I 
n o  

_ _ _ _ _ _ _  000.6 

6W.6 

988.0 1 1.02709 
I 



104 DEEP-SEA SOUNDING A.ND DREDGING. 

SERIAL WATER TEMPERATURES; HOW TAKEN. 

As has been shown in Chapter I, obtaining serial water temperatures 
was a very important feature of our work. The instrument used by us was 
the Miller-Casella deep-sea maximum and minimum thermometer. The 
readings were first recorded in a book containing forms like that shown 
below, and were afterwards transferred to the General Record, Form 3, 
given in Chapter VI. 

FORM 2. 
U. 8. COAST SURVEY STEAMER “BLAKE ” 

Locpllty, -. Date, -, IS-. &undlng No. -. Llne, -. 
. 

DEPTH, 
IN 

TA’TXOYB. 

Surface. 

TEMPEBATWEB. 

B g n g .  
. -. 

Yin. 

- 
Uax. 

Kind of No. of the  
rhermometer. ! Thermometer 

! ueed. 

. . . 

. . - . .. . -. . . 

‘ REMARKB. 

Temperature of A h  ___________ 
Temperature of Tliermometer- 

locker .____________________ 

6lgnature of tho OWcer of the Deck: 
Gignature of the Becorder: ..................................................................................................... 

All bottom temperatures were taken by attaching a thermometer to the 
stray-line of the sounding-wire, or to the sounding-rope just above the 
sinker. Those atintermediate depthswere obtained, for the first three years, 
with the aid of a hemp rope of one and one-half inches or one and three- 
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fourths inches circumference, called the temperature-rope. This rope, 
when we were at work, was kept laid down upon the quarter-deck in long 
coils or fakes, with the greatest diameter athwartships, each fitke only 
partially covering the preceding one; in which way the fakes were gradu- 
ally worked along the deck for a considerable distance, forming a worm. 
This method we adopted from Commander Howell’s practice, and it was 
found to work admirably, one man being able to manage the coil handily 
at a very rapid rate of reeling in. The chief advantage derived was the 
free circulation of air about the various paits. Our upper-deck being 
painted, we had no trouble in keeping the rope in good condition for a 
long time. The size of the rope was larger than necessary for the purpose 
of taking temperatures, but we also used it for sounding in depths less than 
one hundred fathoms; made it serve as an anchoring-line for a boat when 
taking current observations, and have even anchored the vessel by it, with a 
kedge, for short times. One-inch hemp rope would suffice for taking temper- 
ature observations and for obtaining water specimens. The temperature- 
rope, weighted with a fifty-pound lead sinker, was payed out through a 
snatch-block hooked to a swivel-eye in the end of an iron crane, the crane 
being shipped into a socket on the vessel’s rail, over the bowsprit. (Plate 
24.) Thermometers and water-cups were attached to the rope at intervals 
as desired. The descent of the rope at any stage could easily be checked 
and stopped by two or three men. The system of marking this rope was 
very simple. 

To one hundred fathoms the marks were the same as are in general 
use for lead-lines; after that, as follows: 

At 100 fathoms, 1 white rag. 
At 200 fathoms, 2 white rags. 
At 300 fathoms, 3 white rags. 
At 400 fathoms, 1 red rag. 
At 600 fathoms, 2 red rags. 
At 600 fathoms, 3 red rags. 
At 700 fathoms, 1 blue rag. 
At 800 fathoms, 2 blue rags. 
At 900 fathoms, 3 blue rags. 

It is given from memory. 

14 D 8 
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At 1,OOO fathoms, 4 white rags. 
Intermediate fathoms were marked by using pieces of soft leather 

punched through with a large hole one-half inch in diameter, or small 
holes one-quarter inch in diameter, or both; thus- 

At 10 fathoms, 1 small hole. 
At 20 fathoms, 2 small holes. 
At 30 fathoms, 3 small holes. 
At 40 fathoms, 4 small holes. 
At 50 fathoms, 0 small hole, 1 large hole. 
At 60 fathoms, 1 small hole, 1 large hole., 
At 70 fathoms, 2 small holes, 1 large hole. 
At 80 fathoms, 3 small holes, 1 large hole. 
At 90 fathoms, 4 small holes, 1 large hole. 
The marks throughout the length of each succeeding. 1,000 fathoms 

were a repetition of those of the first 1,OOO fathoms, excepting. that the 
service or navigational marks, as on the outer one hundred fathoms, were 
not repeated, the leather tallies being used instead. 

If marks were needed only at  every twenty-five fathoms, the fifty, one 
hundred, and 1,000-fathom marks might be retained as given, and a knotted 
piece of cod-line, or other small stuff, used for the twenty-five and seventy- 
five-fathom marks. 

The leather tallies are very distinct at night, holes being more readily 
distinguishable than color by the light of a lantern, but the trouble with 
them-and with all other pendent marks in long-continued use-is their 
liability to be frayed or torn off in passing through blocks or over winch- 
heads; it would, therefore, be a convenience to dispense with marks and 
pay out over a measuring pulley. 

For taking serial temperatures in the season of 1877-’78, we fitted out 
with 1,OOO fathoms of one-eighth inch diameter steel-wire rope, having a 
hemp heart. This was wound upon an iron drum or reel controlled by a 
friction-brake. On the axle of the reel was 
a V-groove pulley for connecting by a rope belt with the main hoisting- 
engine, for reeling in. It will be shown hereafter how, during this season, 
we reeled in our heavy wire dredge-rope by taking it around a winch-head 

(F, Figs. 1 and 2, Plate 29.) 
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of the engine “on the bight,” whence it was passed to the reel. This was 
inadmissible with the smaller rope, owing to its greater tendency to kink 
when released from tension; consequently it had to be taken directly 
upon the reel after passing in over the leading-block at the elid of the 
crane. With the wire rope we could work with great rapidity, but its 
vibration in the water was so decided that it sometimes had the effect of 
displacing the indices in the tubes of the Miller-Casella thermometers ; 
hence we were not sorry when the rope parted while we were taking serial 
temperatures in a heavy sea. It was supposed to have a breaking strain 
of 1,900 pounds, but it parted when only five ‘hundred fathoms had been 
payed off the reel, although a short time before we had taken a cast and 
bottom temperature in over 1,500 fathoms? without the least trouble, by 
means of the piano-forte wire. 

Doubtless. the marks worked through between the strands may have 
weakened the steel temperature-rope somewhat in places, but it is probable 
that steel ;ope of such small size-needing to be made of very small wires 
to secure flexibility-cannot be depended on to withstand the violence of 
deep-sea work for any great length of time, as the strength of the wires 
will soon become impaired by corrosion. I think steel rope of one-fourth 
inch diameter, with a hemp heart, would serve for a temperature-rope, 
particularly if used in connection with an accumulator having enough 
elastic movement to afford a slight cushioning. 

After parting our steel temperature-rope, serial temperatures were taken 
with the aid of piano-forte wire during the remainder of the season, a spare 
sounding-reel being used for the purpose and no accidents happening. 

During our first season, when working in very deep water, we usually 
took the sounding and the temperatures at the same time, sounding .from 
the bow and lowering the thermometers from the gangway. This we did 
without trouble; but in the next season, south, we twice fouled the wire 
with the rope in strong currents, after which we did not attempt serial 
temperatures until the sounding had been completed. 

Commander Bartlett has used the steel dredge-rope for taking serial 
temperatures. 

The instrument next to the Miller-Casella most generally used for 

. 
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finding sub-surface temperatures is a recent form of Negretti and Zambra’s 
deep-sea thermometer. 

DESCRIPTION OF THE MILLER-CASELLA DEEP-SEA THERMOMETER. 

(Plates 21, 22.) 
A glass tube bent in the form of U is fastened to a vulcanite frame, 

and to the latter are screwed white glass slabs containing the graduated 
scales. A column of mercury 
occupies the bend and a part of the capillary tube of each limb. The 
large bulb and its corresponding limb, abovd the mercury, are wholly 
filled with a mixture of creosote and water; the opposite limb above the 
mercury is partially filled with the same mixture, the remaining space 
therein being occupied by compressed air. In the mixture on each side is 
a steel index having a horse-hair tied around it near the upper extremity. 
The ends of the elastic horse-hair being held in a pendent position by the 
inner walls of the tube exert enough pressure to oppose a frictional resist- 
ance to a movement of the index in elevation or depression. As thus 
described, the instrument is a self-registering maximum and minimum 
thermometer for ordinary use. The indications are given by the expan- 
sion and contraction of the creosote and water mixture in the large, full 
bulb. The instrument is set by bringing the lower ends of the indices 
in contact with the mercury by means of a magnet provided for the 
purpose. Then, when the instrument is submitted to a higher tempera- 
ture, the expansion of the mixture in the large bulb depresses the column 
of mercury on that side and correspondingly elevates it on the other side. 
A decrease of temperature contracts the mixture in the large bulb, and by 
the elastic force of the compressed air in the smaller bulb a transference of 
the column of mercury takes place in precisely the reverse manner to that 
which occurs on a rising temperature. Thus the mercury rises in the left 
limb for a lower and in the right limb for a higher temperature. The 
greater the change of temperature the higher the point reached in the 
respective limbs; hence the scale on the left is graduated from the top 
downwards, and that on the right from the bottom upwards. The rising of 
the mercury in either limb carries with it the index of that limb, and on 

Each limb of the tube terminates in a bulb. 
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the retreat of the mercury the index remains at the highest point reached. 
The bottom of the index, being the part which has been in contact with 
the mercury, gives the point at which to take the reading. 

It was found that instruments made as described were liable to con- 
siderable error, in excess, amounting sometimes to as much as ten degrees 
in deep casts, due to the pressure of the water ; the pressure, by compress- 
ing the large, full bulb, forced part of the contents into the capillary tube, 
producing the same result as an increase of temperature.” 

In April, 1869, Dr. D. A. Miller, vice-president of the Royal Society, 
proposed surrounding the larger bulb by another bulb, the latter to provide 
a shield for the former. All thermometers styled Miller-Casella are con- 
structed with this outer bulb, which is fused to the stem or capillary tube 
just below the inner bulb. The space intervening between the two bulbs 
is nearly filled with alcohol, a small portion or bell containing only rari- 
fied air and the vapor of alcohol. The space filled by the air and vapor 
receives any of the spirits that may b,e displaced by the compression of the 
outer bulb. Thus the inner bulb is almost wholly relieved from pressure, 
and the alcohol serves as a medium for the transmission of temperature. 
Dr. C. Wyville Thomson, now Sir C. Wyville Thomson, estimated from 
the results of‘ experiments with a number of the protected instruments 
that their mean error due to pressure was as follows : 

For 250 fathoms, OO.079 C. (= OO.142 F.). 
For 2,600 fathoms, OO.79 C. (=l0.42 F.). 

These, if applied as corrections, are subtractive. 
Of thirty-six Miller-Casella thermometers recently purchased by the 

Coast and Geodetic Survey, the mean error of all due to a pressure of 
three and one-half tons was 1O.1 Fahrenheit, as ascertained by the makers. 
The greatest single error was 1 O . 7  and the least O O . 6 .  

The instrument attached to its frame is kept, both for stowage and 
use, in a perforated copper case. As provided by the manufacturers the 
case must be attached to the rope by stops, but all of the “Blake’s” cases 
are fitted with the spring-clamp shown on Plates 2 and 3. 

“For an intemting and instructive desoription of the Miller-Caeella thermometer, see “Depths of the 
Sea,” by Dr. C. Wyville Thomeon, pp. 288-299. 
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The Miller-Casella thermometer is made by L. Casella, scientific 
instrument maker, 147 Holborn Bars, London, E. C. The catalogue 
price of the instrument is $22 5s., with case and magnet. 

REMARKS CONCERNING T H E  MILLER-CASELLA THERMOMETER. 

There can be but little doubt that the Miller-Casella thermometer, 
when properly managed, gives in most cases a close approximation to the 
temperature of the depth to which it has been lowered, but the immobility 
of the indices, after the retreat of the mercury, being dependent on friction 
alone, is not absolutely assured, and herein, perhaps, lies the chief objec- 
tion to the instrument. There is nothing in its appearance to point out 
an error in this respect when it has occurred. The only safeguard, when 
but a single instrument is used for each depth of a series, is to compare 
carefully the indications at the same or different series of observations, 
the surest means of doing this effectually being to construct curves like 
those shown on Form 14 (Chapter VI). 

When all the indications of a set of serial observations are correct 
the gradients of the curve sometimes change rapidly, but a decided angu- 
lar deviation from the general contour of the curve is perhaps nearly always 
due to an erroneous record by the instrument. 

Sometimes a particle of mercury gets above an index, or one of the 
latter becomes immersed in the mercury; an index becomes jammed in the 
tube, or the column of mercury breaks. These are mere accidental defects, 
which, being apparent to the eye, point directly to an error, and they may 
in most cases be remedied on board the vessel. 

When a particle of mercury gets above an index the latter may be 
drawn by the magnet into an enlargement or swelling of the tube, which 
all of these thermometers have just below each bulb; the mercury will 
then fall clear. When a column of mercury breaks, its integrity may be 
restored by placing the instrument in warm water or by gently tapping 
the bottom of the frame against some resisting substance, both of which 
methods require caution. On one occasion, in my experience, when the 
water was too warm there was a general disturbance inside the tube, which 
ruined the instrument; it was, perhaps, caused by part of the compressed 
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air being carried by expansion into the opposite limb. The tube is almost 
certain to become loosened on the frame by the tapping process, which 
reminds me of a detail in the construction of the instrument that brings 
about much annoyance. The fastening which is intended to hold the tube 
in place on the frame is a soft,copper band passing half around the tube 
at the bottom of the bend and fastened only by om end to the frame. The 
object of this is probably to allow for the expansion of the glass, and to 
give a slight cushioning-enough to prevent the tube from breaking in 
the event of a violent shock such as would be caused by the case striking 
on hard bottom, but in prolonged work-or in tapping the frame-it per- 
mits the shifting of the scale, sometimes as much as 14”. 

For several years after construction thermometers undergo a change 
which results in a displacement or “eZewatitnL” of the zero point, sometimes 
amounting to as much as 2”, making the indications too low. There is a 
scratch on the tube of the Miller-Casella thermometer at or near the freez- 
ing point, and others at intervals of 20”. These are probably made in the 
process of calibrating the tube. Should the scale shift, the scratch nearest 
the freezing point, or any other, may be made use of to effect a readjust- 
ment, if the point on the scale to which it corresponds has been previously 
ascertained. 

On board the “Blake” all attempts to extricate an index which had 
become immersed in mercury were unsuccessful. An index jammed in 
the tube may sometimes be cleared by alternately tapping the frame and 
using the magnet. If it can be drawn up into the enlargement of the tube 
already mentioned it may be found in working order when again drawn 
down. Tapping the frame or swinging it about the head for the same 
purpose should not be allowed except as a last resort, and then only in 
the presence of the person charged with the care of the instruments, who 
should verify the correctness of the scales afterwards. 

A great advantage afforded by the Miller-Casella thermometer is its 
adaptability to collective use; that is, it may be used to obtain tempera- 
tures at various depths at a single haul, by employing it in any number 
desired, one or more at the several depths of a series. Although the instru- 
ment. sometimes records erroneously through the disturbance of the index, 
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several of them lowered to the same depth would, by checking each other, 
make the probability of error in this respect very remote. 

Under certain relative thermal conditions of air and water a maxi- 
mum and minimum thermometer may not give trustworthy indications 
when set as usual-that is, at air temperature. We will consider an 
actual case from the " Blake's '' work: 

0 

Air ............................................................................................ 51 

Surface. ........................................................................................ 71 
50fathoms ....................................... y--..-.-.- .................................... 63 

604 100 fathome. .................................................................................. 
200 fathoms.. ................................................................................... 50 

39.) 700fathoma ..................................................................................... 
The indices of all the instruments are set at 61", the temperature of 

the air. The instruments at fifty and one hundred fathoms will not indi- 
cate the temperature of their respective depths by the minimum scale, 
because the mercury in the minimum limb will retreat from the index in 
water which is of a higher temperature than that at which the instruments 
were set. The maximum scale may give true indications at those depths , 
if in the passage of the instruments through the warmer upper strata the 
indices are not carried above 63" and 604" respectively. This is merely a 
case at  hand, but it shows that other cases might arise in which much 
would be left to conjecture: 

The way in which we managed to make the Miller-Casellas serve our 
purpose in this and similar instances was to immerse them in warm water, 
raising their temperature considerably above that of the air; then, after 
setting them while in the warm water, to attach each in turn quickly to 
the rope and lower it at once into the sea. The minimum scales then 
gave acceptable readings. The case already preslnted is a representative 
one of a class, and a general rule may be stated as follows: The tempera- 
ture of a stratum which is at  once colder than the strata above and warmer 
than the air will not be indicated at all by the minimum scale, and often 
only with uncertainty by the maximum scale, 

From what has been said it is seen that a maximum and minimum 
thermometer is not well adapted to ascert4ning the iemperature of inter- 
mediate warn  or cold strata. 

Water : 
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An important matter to know when using any thermometer in deep-sea 
operations is the time that it requires to take up any change of tempera- 
ture. The Miller-Casella thermometer, being protected by the outer bulb, 
is sluggish in its action, particularly as its indication nears the temperature 
of the surrounding medium. Commander Lester A. Beardslee, U. S. N., 
made a series of experiments with the Miller-Casellas while on duty with 
the Commission of Fish and Fisheries. Through the courtesy of Prof. 
Spencer F. Baird, Commissioner, I am enabled to give one of Commander 
Beardslee’s tables. 

In each case the Miller-Casella and a standard were simultaneously 
placed in a bath, the temperature of which was lower than the temperature 
indicated by the instrument at the instant of immersion. Commander 
Beardslee thus describes the standard thermometer used for comparison : 

“ A  meirui-iul etniidnrd, ninde by L. Caselln, of London, No. 7432, rending from zero up to l‘Mo, on n 
scnle msrked on tlie glass, and twelve inches long, giving loo to the inch ; bulb cylindrical, .75 of an inch iii 

length. No mounting.” 

Concerning the ice-bath tests, the last two of the series, he says : 
“ I n  test No. 1, in ice, the instrument (Miller-Cnsells) was plnced on ita back in n trench cut in the ice, 

nnd the bulbs covered with pounded ice. The merciiry corresponded in ita nction very closely to the action of n 
bntli of 600 until it reached thnt point. 

“ In test No 2 the upper ponion of tlie ebonite gunrd was reinuved, thus letting tlie crushed ice come into 
iinmedinte contact with the upper poi~ioii of the bulhs. This indrioed quicker action, but still slower thnn a bath 
of 3.50, niid nt Inst, nR in fonuer cases, the merciwy nppuwiitly censed to fall nt 350.” 

These and other experiments with the Miller-Casellas, by Commander 
Beardslee, are given in Appendix C, Report of the Commissioner of Fish 
and Fisheries for 1877, Prof. Spencer F. Baird, Commissioner. 

16 D 8 
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It should be remembered that a thermometer in actual use at  sea‘is 
recording during the descent,-which may be taken into account in time 
allowance. It will also register changes more quickly when passing 
through water than when resting in a still bath. 

DESCRIPTION OF NEGRETTI ti ZAMBRA’S DEEP-SEA THERMOMETER. 

(Plates 21, 22, and 23.) 
The following description of this thermometer is copied from the cata- 

logue of the makers, Messrs. Negretti & Zambra, Holborn Viaduct, Lon- 
don, E. C. This is done for convenience, not necessarily as an expression 
of my opinion. The few words interpolated by me are inclosed in brackets. 

The letters of reference employed in the catalogue, being only three in 
number, are retained, although the plates given in this book are not lettered. 

Negretti & Zambra’s thermometer in a very different shape was sent 
us for trial, on board the “ Blake,”’ ddring the early part‘ of my command, 
but it was so cumbersome, expensive, and left so much open to doubt in its 
indications, that it was reported on adverseQ to the Superintendent of the 
Coast and Geodetic Survey. Since then the makers have issued it in a 
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shape that seems to promise much in the way of correct results. It is still 
open to some improvement, even for taking a single temperature at a haul, 
and it cannot be used collectively like the Miller-Casella, although it is 
probably more trustworthy when used singly. This late form of the instru- 
ment has been used in the Caribbean Sea and Passages by the “Blake” 
under the command of Commander Bartlett, and also in the Arctic Sea 
by the Norwegians. 

“The construction of this thermometer will he readily understood by referelice to [Plates 21 and 2’1. 
The bulb is cylindrical, and mercury is the thermometrical fluid. The neck of the bulb is contracted in a 
peculiar maimer at A [immediately below the bulb], aud upon the ekape and fineness of this contraction 
tlie SUCC~ES of the iiistrumeiit mainly depends. Beyond A the tube is bent, and a small catcli reservoir is 
formed at B [in the bend], for a purpose to be presently explained. At tlie end of the tube a small receptncle, 
C, is provided. When tlie bulb ia downward the glaas coutnius sufficient mercury to fill the bulb, tube, and 
a part of the receptacle C, if the temperature in high, leaving sufflcient space in C. When the thermometer 
is held bulb upward the mercury breaks at A, but by ita own weight flows down the tube, filling C and a 
portion of tlie tub; above C iu relation to the existing temperature. The scale accordingly is made to read 
upward8 froin C. To wet the instrument for observation it is only necessary to place it bulb downward, then 
the mercury tnkee the temperature just na an ordinary thermometer. When at  any time or at  any place tlie 
teinprmture is required, all that has to be done is tu turn tlie tliermometer bulb upward nnd keep it in this 
position iintil rend off. The readiiifi may be tuken at any time nfter, for the qunntity of mercury in the lower 
part of the wtem which gives the reading is toci smnll to be serieibly influenced by a change of temperature, 
i inle~s it is very great, while that in the bulb will continue to contract with greater cold arid to cxpond with 
grwter heat, aiid in the latter case somu mercury will pnss the contractioii A and may fall down and lodge 
at 13 [in tlie catcli reservoir], but it caiiiiot 80 further no long as the bulb ie upward, and thus the temperature 
to be read off will not be vitiated. Now, wvlieriever the tliermometer can be liaudled it can readily be turned 
bulb u1)wad for reudiiig off the existing temperature. I t  must be clearly understood that the thermometer 
is only intended to give tlie teinpornture at  the time aiid place when and where it is turned over; it  is simply 
a recording thcnnonieter; it caiiiiot be used as a ;elf-registering maximum or minimum, though it could be 
constructed to act as a inaximiim if required. But at a depth in the sen some contrivances must be provided far 
turning tlie tliermometer bulb upward. For this purpose the thermometer is fitted into a wooden frame, loaded 
with shot, froe to move from end to end of it, and hiiavy enough to render the whole instrument just buoyant in 
sea-water. 

“ I n  using the thermometer a cord is rove throligh the hole in the h e  nearest the bulb, and the 
inetrument is fastened by this cord to the sounding-liiie. In  descending the thermometer will be pulled down 
with the bulb downwards [Fig. 1, Plate 233, but upon being pulled up the instrument, owing to the 
resistance through the water, and consequent displacemelit of its center of gravity, will turn over and 
oome up bulb uppermost [Fig. 2, Plate 233; the temperature of the spot where it turned over will then 
be indicnted. 

“As regards the thermometer iteelf, it  was necessary, in order to make it perfectly satiafwtory, to 
protect it ngainst pressure, even if intended for shallow seas aa well BB for the deepest. For whether used 
in deep or shallow water, unless mitlidrawn from pressure, ite indications would always be more or less 
in error. Like an ordinary thermometer, it  ie devoid of nir, and so quite different from Sixo’s, which, 
containing compreased air, haa a certain internal resistance. Heuoe it would be more affected by pressure 
than Sixe’s, however thick the glass of the bulb. By tlie simple expedient of placing the tliermometer 
entirely in a eliield of glass hermetically sealed the effect of external pressure ie entirely eliminated. 
The shield must, of course, be strong. It must, however, render the 
enclosed thermometer more difficult to be affeoted by ohangee of temperature; in other words, it \vi11 make 
it aluggiah. 

“To counteract this sluggishness in that portion of the shield surrounding the bulb some mercury in 
introduced and contined there by a partition gementeed in the shield around the neck of the thermometer 

It need not he exhausted of air. 
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bulb. This mercury ncta as a carrier of hent from the exterior of the shield to the interior of the thermometer ; 
and the efficacy of this arrnngement bas been experimentally determined, the instrument thus protected being, in 
fact, far superior in sensibility to Sixe’s thermometer. 

“So long aa the shield withstands tlie pressure-that is, does not break-the tlieniioiueter will be 
unaffected by pressure, and there is abuiidnnt expeiience to show thnt such a shield will stand the pressure 
of the deepest ocenn. The greatest pressure can never affect a thermometer so protected. Doubtless the 
shield will be compressed n little under g e n t  pressure, but thie cnu never exert an iuternal presmre suffi- 
cient to have an npprecinble effect upon the thermometr. This method of shielding is quite efilcacious, 
and deep-sen thermometers so protected do not require to be tested for pressure in the hydraulic press. 
The thermometer will simply require to be tented for sensitiveness and for errom of grnduation very accu- 
rately, because it is n standard instrument adnpted to determine very mnall differences of tenipernture 0s 

well as large ones, even one or two tenths of a degree in shallow mnters. The test for sensitiveness should 
determine how many seconds the instrument requires to take up a change of five degrees rise or fall, nnd 
the time has been found from five to ten seconds. 

“A  considerable number of these instruments have already been tested at the Kew Observatory with 
porfectly satisfactory results, which place beyond doubt their value aa standard deep-sen thermometers. 

“Thus, provided the turning-over gear is found to answer, this imtrument evidently possemes grent 
advantages. It has no attached scale, the figuring and graduations being distinctly marked on the stem 
itself, and the shield eflectually preserves them from obliteration by seti-water. The part of the stem which 
forms the background to the graduations is enameled white to give distinctness to tlie mercury. 

“The hole at  the top of the frame is for the purpose of lowering and keeping the tliermometer upright 
until it haa reached the water. This is effected by putting a cord through the hole and both ends of it kept in 
the hand until the thermometer has rencbed the water, then one end is let go and the cord pulled on board. 
This operation is not imperative, but it mvea the thermometer from being knocked about previous to reaching 
the water. 

“Price for Negretti & Zambrn’s new patent standard deep-sea thermometers, 6 2  108.’’ 

REMARKS CONCERNING NEGRETTI & ZAMBRA’S THERMOMETER. 

Previous to their use on board the “Blake” Prof. Spencer F. Baird 
had used thein in the work of the Copmission of Fish and Fisheries as 
deep as two bmndred fathoms, and thought highly of them. 

Commander Bartlett, while thinking well of them, found that their 
wooden cases when recovered from eight hundred fathoms were com- 
pressed and shriveled. The pressure at eight hundr-ed fathoms is about 
one ton on a square inch. Prof. J. E. Hilgard suggests that the wooden 
case might be replaced by a case of thin metal, filled with paraffine. 

The Superintendent of the Coast and Geodetic Survey wishing to 
make a preliminary trial of them in actual use in advance of reports from 
Commander Bartlett, a few experiments were carried out by Lieut. S. M. 
Ackley, commanding the Coast Survey schooner “ Eagre.” The following 
describes some of these experiments : 

Eapcrimcnt No. 1.-Lower the mercury to freezing point (BO), then reverse, bringing the bulb 
uppermost. While retained in that position submit the instrument to a temperature of about 850. Note if 
the catch reservoir wholly or partially fill, and if i t  overflow at ‘what temperature as indicated by the 
instrument. 

Rqort.-“The catch reservoir partially filled but did not overflow.” 
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An instrument in the ascent from deep water will pass through water 
of a higher temperature than that in which it  reversed; hence the catch 
reservoir will contain some mercury on arriving at  the surface, In experi- 
ment No. 1 a temperature higher than 85” might have been chosen, but 
other experinients have shown that the catch reservoir will not be made 
to overflow by any higher temperature to which the thermometer would 
be exposed in work at sea. 

Experiment Xo. 2.-With the catch reservoir partially filled, ns in experiment No. 1, tilt tho thermometer 
cnse nnd slap i t  roi~glily. Note if nny of the conteiita of the reservoir pass down into the tube; nlso if tho bulb 
discharge any more mercury into the rrarrvoir under tliip trentmcwt. 

Report.-“None of the coiiteiits of the reservoir pnssed down into the tulw. Bulb did not ditlchnrgc more 
mercury into the tube.” 

Experiment No. 3.--lAower tliree Negrvtti & Znnibrn thennometem, nttnched IW nrarlg n~ mty be to the 
snme plnce on the rope, to n depth of 500 fiitlioiiis, nnd Iinul bnck without ntoppitig a t  tlint depth or nt any point 
on the mcent. Note the iiidicntions given by eacli iiistriimcmt. 

Report.-“Instrument No. 4, 470.6; instrument No. 5, 47O.5; iiiatrunieiit No. 6, 470.5 ” 
Experiment Xo. 4.--Tlie snnie tw experiiiient No. 3, excepting to delny neveii niiiiutes nt tlic dt.ptli of 500 

Rqwrt.-“Instrument No. 4, 460.2 ; itintrunient No. 5, 46O.2; iiietrumeiit No. 6, 460.2.’’ 
Ihperiment No. 5.-The mine as experiintmt No. 3, excepting to delay s e ~ e i i  iiiinute8 at  500 fatlionis, and 

q n i n  seven minutw nt 300 fiithonia 011 tlic uscciit. 
Ilepd.-“Inrtru~ncnt No. 4, 470; instrument No. 5, 60°; inatrumelit No. 6, 470-vessel drifted qui& fast, 

80 thut the line waa at an angle.” 
Experiment No. &-At that snnie ntution nnd in 86 limited a time ns prnctirable take teinpernturen ut 150, 

300, and 500 futlioms, by a s e p r n t e  haul for each depth, without stopping on tlie wceut. Then with the mme 
instruments take temperiitiires siniitltniieouslg at  the ~ n m o  depths by using IL Bcpnrnte tliermoiiiett.r, nttiiclied to 
the s m e  rope, for ench depth; this will require stoppngcs both in paying out nnd in liauliiig birck for the pur- 
pose of nttacliing and rmioviiig inatrunleiits. 

Ikport.--“Taken sepurnkly at  150 fntlioms : Instruinent EO. 4, W; instri~meirt No. 5, 67’3.5; instrument 
KO. 6, 68O. 

“Snme at  300 fathoiii~: Instrument No. 4, 540.5; instrument No. 5, 54O; instrument No. 6, 540.5. 
“Snme at  500 fnthoms: Instrument No. 4, 46O.6; instrument No. 5, 46O.5; instrument No. 6, 460.5. 
“Taken simultaneously: At 150 fnthoms, instrumout h’o. 4, 7W.5; nt 300 fathoms, instrument No. 5, 

fntlioms before liitiiliiig bnck. 

59’3.5; nt 500 fathoms, instrument No. 6, (20.” 

During the course of the experiments the vessel was pitching moder- 
ately. 

The difference between the indications obtained at the separate casts 
in experiments Nos. 3 and 4 may have been partially due to the inclination 
of the line caused by the drifting of the vessel, the “Eagre” having no steam. 

Experiments Nos. 5 and 6 show that a stoppage during the ascent is 
inadmissible, and that the thermometers must not be used collectively, 
in the sense in which I have employed that term. 

In experiment No. 6, at the separate casts, instrument No. 5 gave a 
temperature O O . 5  lower than instruments Nos. 4 and 6, both at one hun- 
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dred and fifty fathoms and at three hundred fathoms. Since all had agreed 
in the first and second experiments, it is highly probable that instrument 
No. 6 was somewhat defective in its construction, and that the column of 
mercury did not break at precisely the same point in the tube each tiw 
on reversal. Surgeon Jerome H. Kidder, U. S. N., assigned to duty with 
the Commission of Fish and Fisheries, found this defect in one or more 
of Negretti & Zambra’s thermometers, but he was afterwards informed by 
Prof. H. Y. Hind that the makers had given assurances of greater correct- 
ness in the latter instruments. 

It is uncertain how, in experiment No. 6, “taken sim~ZtaneousZy,” the 
indications 75”.5,59”.5, and 6 4 O  occurred, as each instrument would have 
been expected to give an approximate temperature of the depth at which 
the last stoppage was made on the ascent-one hundred and fifty fathoms 
= 6 8 O .  Perhaps a short stoppage may have beerl made, inadvertently, as 
instrument No. 4 was near the surface, which would account for its indi- 
cating 75O.5. Instruments Nos. 5 and 6 evidently reversed at some inter- 
mediate point below one hundred and fifty fathoms, but not at  that depth. 

Dr. Kidder found that while most of tbe Negretti & Zambra deeplsea 
thermometers had been carefully calibrated, one or two notable exceptions 
occurred in his comparisons, in a single instance producing at one point 
of the scale an error as great as Z0, 

The instrument is perfectly protected against pressure so long as the 
outer casing remains intact. 
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COMPARATIVE TEST OF T H E ,  MILLER-CASELLA AND NEGRETTI & ZAMBRA’S DEEP- 

At my request, Prof. J. E. Hilgard had the following comparative tests 
for sensitiveness made at the Coast and Geodetic Survey Office by Mr. W. 
Suess. 

SEA THERMOMETERS. 

Negretti & 
Znnibra. 

0 

40.0 
40.0 

W.0 
60.0 
00 0 

60.0 
00 9 

70.0 
79.0 

80.0 
88.6 

89.0 
90.0 

90.0 . 80.0 
80.0 
70.0 

70.0 
80.0 

60.0 
40.9 

49.9 
40.0 

40.0 
40.0 

The instruments used were a Casella mercurial standard (unprotected), 
No. 13416; a Miller-Casella deep-sea thermometer, No. 31488; and a 
Negretti & Zambra’s deep-sea thermometer, No. 42666. 

These instrumehts were placed in a bath of 40°, and at 9’’ 30m, when 
all had acquired the temperature of the bath, the experiment was carried 
forward. Readings were taken every four minutes, as shown by the large 
figures in the “time” columns. Immediaky after each of these readings 
warm water was added in sufficient quantity to raise the temperature of the 
bath 10”. The small figures in the“time”co1umns show the readings of the 
several instruments at the instant the standard had acquired the changed 
temperature of the bath. After the standard had reached 90°, time was 
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allowed for the deep-sea thermometers to acquire this temperature; then, 
at 10" 00" the character of the experiment was changed and the tempera- 
ture of the bath was gradually lowered to 40". The previous system of 
times and changes was adhered to, but the process was exactly reversed. 

These tests show Negretti & Zambra's deep-sea thermometer to be 
more sensitive than the Miller-Casella deep-sea thermometer. If the former 
is as well protected against pressure as the latter, it is the better inst,rument 
in regard'to the quality of sensitiveness. 

A STANDARD THERMOMETER FOR COMPARISON; HOW TO SELECT ONE. 

All thermometers should be comparedwith astandardwhen received for 
use on board ship, and the operation should be repeated from time to time. 

It is well to provide a standard which has been thoroughly tested by 
an expert, but, if necessary, any mercurial thermometer of first quality, 
having wide divisions, a full-range scale marked on the tube, and which 
is known to be several years old, may be made to serve for the purpose by 
carefully verifying its graduation. An old thermometer should be chosen 
in order to avoid the "elevation of the zero point" that thermometers 
undergo for several years after manufacture. 

The freezing and boiling points are the fixed points on which the whole 
graduation depends, and th'ey may be tested with but little trouble. 

Melting ice or snow always gives the point of freezing, 32" of the 
Fahrenheit scale. Provide any vessel which will hold a good quantity of 
crushed ice, and which will admit of an uqobstructed escape of the water 
from the bottom. A copper cylinder with an inverted-cone bottom, having 
a hole in the apex, may be used; or an ordinary water-cooler open at the 
top and having a spigot at the bottom will suffice. Surround the thermoni- 
eter with crushed ice nearly up to the mark of' 32", and let it stand there 
for fifteen minutes in a place having a temperature above 32", for the ice 
must be in a melting condition.' At the end of this time note the height 
at which the mercury stands. The point reached is that of 32", or the 
freezing point. 

Next the boiling point, 212" of the Fahrenheit scale, must be deter- 
mined, and this is done by placing the thermometer in the vapor arising 
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from boiling water. 
described in Ganot’s Physics. 
describing this part. of the operation are copied froni that work. 

An apparatus and the method of proceeding are 
The cuts and the text used herein for 

I‘ 

F. -APPAI~ATU~ FOR FIXINQ TIiE UOlLINQ POIST OF THERMOMETERS. 

“In both, tlie snnie letteix drsigutrte tlie snmt’ pnrte. Tlio wliolc of tlie nppnrntus is of copper. A ceritrnl 
tube, A, open nt both ends, is fixed 011 u cyliiidriciil vtwel coiitniiiiiig water ; a second tube, 13, concentric with 
the first, ant1 euri~ouriding it, i, fixed on tlie snme vessel, hl. In this second cylinder, which is cloeed a t  both 
ends, tlieru tire three tuhulures, a, E, D. A cork, in wliicli is tlie tliernio.nioter t ,  fits in a. To E n glass tube 
contnining mercury is attached, wliicli servee as a ninnoiiieter for niensuriiig tlie pressure of the vnpor iii tlie 
nppnmtue. 

“Tlie appnrutus is plncect 011 n fiiriiiwe niid liented till tlie wnter boils; the vapor produced in M 
rise8 iii tuhe A, niid pnssiiig tlirougli tlir t w o  tubes i n  the direction of tlie nrrows, eacnpes by the tubulure z). 

‘l‘lie tliernimirter, t ,  bring tl ius e~irrountlctl with rnpor, tlie mercury expnnde, mid when it line become stntionnry 
the point at rvliicli i t  stope icl innrketl. Tlie objuct of tlie secoiid cese, D, is to nvoid 
tlie cooling of tlie contrnl tubulure by its contnct with the air.” 

D is nn escnpe tube for the vnpor mid condensed rvnter.” 

This is the point aouglit for. 

In the following paragraph I quote from Ganot, but have changed his 
figures to suit the units of ineasure adopted in this book: 

“The determination of the point 2 1 2 O  Pdirrnlieit would Beem to require that the height of tho barometer 
during t]le experinieiit sliould be thirty incliea, for when tlie barometric lieiglit is grenter or leas thnn this qunn- 
tity \vnter boils either nbove or below 212O. Niit the point 2123 niny nlwnye be exactly obtained by innking n 
corpectiolr illtrodiicatl by M. N o t  He Toinid tlirit for every 0.6 inch differelice in Iieiglit of the burorneter there 

If, for exnmple, the lieight of tlie barometer is 30.4 inches, tlint is, 0.4 
illcll, or two-tliirds of 0.G irbove 30 inohes, wntcr would boil nt 21’LjO. Consequently 212tO would linve to be 

a difference in tlie boiling poiiit of lo. 

lllapked nt tlie point nt which the mercury 810p.” 
___----- - -- 

*The glass tube may be dispensed with when u barometer is nt h n d ,  if there is n free escupe for the 
vapor. 

16 D 8 
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In the manufacture of thermometers the tubes are first tested to 
ascertain if the bore or chamber of the capillary tube is of the same 
caliber throughout its whole length. When a tube is found to be perfect 
in this respect, it only requires to be divided into one hundred and eighty 
equal divisions (212"-32") between the boiling and' the freezing points, 
that each division may correspond to one degree of temperature; but when 
the tube is not perfect it needs to be calibrated. In this process a short 
column of mercury being introduced into the tube, the latter is manipu- 
lated so that the mercury may be moved about from place to place. The 
length of the column at different localities is marked on the tube, which is 
thus divided into sections of equal capacity, although it may be of different 
length. Each section is then subdivided, independently, into degrees. 

In selecting a standard the instrument should be tested for calibration 
thus: Hold the tube in a horizontal position over the flame of a spirit-lamp 
so that the heat may be concentrated on the tube at  a point about an inch 
or more from the end of the column of mercury, or, better, direct the flame 
to that point with a blow-.pipe, observing caution. In a short time remove 
the tube from the flame, and, still holding it horizontal, give it a slight 
motion as if throwing a dart, with the small end of the tube foremost. 
This will break the column of mercury at the heated point. Move the 
detached column about as -in the process of calibration, noting at each 
change in its position the number of divisions that it spans. The number 
should be the same throughout if the tube has been properly calibrated in 
the manufacture. If any discrepancies are discovered, pursue the process 
until they are localized, and note the points and the quantity of error in a 
table. When the experiment has been carried as far as the main column 
of mercury, join the two portions and again break the column, this time 
detaching a greater length than before, which will permit the examination 
to be carried to a lower point on the tube. Continue the process by detach- 
ing in this way a greater length of mercury each time, until the whole range 
of the scale has been tested and the table of errors or corrections completed. 
It is plain that the operation may be facilitated by selecting a cool place in 
which to perform it, for when the mercury stands low in the tube the first 
length detached may be moved through a great part of the tube. 
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COMPARISON OF THERMOMETERS WITH A STANDARD. 

The graduation of deep-sea thermometers not being carried above 
130” Fahrenheit, the points on the scale that may be most accurately com- 
pared are the freezing point and that of water at about the temperature 
of the surrounding air. Any change of temperature of water under such 
circumstances would be very slow, thereby affording opportunity for a 
careful comparison. Several places having different temperatures might 
be occupied in turn, and a number of points tested in water with great 
nicety. A quiet place, free from draughts, should be selected. 

The freezing point may be fixed independently by the melting-ice 
test; but by also placing the standard in ice the subsequent process of 
comparison may be somewhat shortened. Next make a bath of ice- 
water; remove the ice and immerse therein the standard and the instru- 
ments to be compared, keeping the bulbs on the same level. Let the 
water become gradually warmer, reading off from time to time; or the 
operation may be more quickly completed by occasionally adding a little 
warm water to the bath, which must be stirred almost constantly to 
preserve an even teinperature throughout. . Thermometers suitable for 
standards are much more rapid in acquiring the temperature of the sur- 
rounding medium than the Miller-Casellas, whic,h, by being protected 
against pressure in the manner already described, are very sluggish, 
making their comparison a slow process. 

Before reading off the Miller-Casellas the bath should be kept for a 
considerable time at  the same temperature by adding ice-water or warm 
water in small quantities, as occasion may require, and stirring vigorously. 

In reading off the indications the question of parallax must be con- 
sidered, and the eye placed on a level with the top of the column of mercury. 

DETERMINATION OF SURFACE AND SUB-SURFACE CURRENTS, 

The demands of the more prominent features of the “Blake’s” work 
permitted only a few observations for the determination of sub-surface cur- 
rents, but for those at the surface we observed frequently whenever work- 
ing in depths not exceeding two hundred fathoms. Preceding the current 
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observations, the cast for depth was made with rope, the lead weighing one 
hundred and fifty pounds. The depth of water having been ascertained, 
slack-line was payed out from the vessel, and the dinghy, in charge of the 
assistant-navigator, was lowered and made fast to the bight of the sound- 
ing-rope, after which slack-line was again payed out from the vessel that 
the movements of the latter might not influence the boat during the pro- 
cess of taking the observations. The apparatus used is shown on Plate 5. 

The peculiar shape of the cans shown on Plate 5 originated, I believe, 
with Prof. Henry Mitchell, Physical-hydrographer of the Coast and Geodetic 
Survey. The cans are made of galvanized sheet-iron, and in shape are, 
respectively, a cylinder of eight inches diameter and eleven inches height, 
and a cylinder of equal dimensions surmounted by a cone three inches in 
height. In use the aperture of the 
lower can is kept open to the entrance of water to facilitate the sinking of the 
can and to prevent it from crushing under pressure,while that of the upper 
can is kept closed by a cork, no water being admitted. For any observation 
both cans are used. They are connected by a length of sounding-wire 
(diameter -028 inch), and are so loaded with old scraps of lead or iron, 
or with pebbles, that when set adrift the lower can will sink to the full 
extent of the connecting wire, while the upper can will be submerged only 
to the base of its conical fop, thus making the submerged surface of the 
two cans equal, which simplifies the problems relating to the determination 
of the sub-surface currents froni the data obtained by observation. For 
observing surface currents the lower can is sunk to a depth of one or two 
fathoms, simply to counteract the effect of winds and surface-wash on the 
floating can; for sub-surface currents it is lowered to the depth at which it 
is desired to know the current, the distance being regulated by the connect- 
ing wire. To the upper can is attached a graduated line, rnarked for knots 
and tenths, the length of each knot being fifty and seven-tenths feet, to cor- 
respond to a time-interval of thirty seconds. Sometimes a few fathoms 
of stray-line are interposed between the floating can and the initial mark, 
the last being a white rag. Observations are made froni the boat as a 
station point; those for velocity, excepting in the modification which will 
be mentioned, being made after the manner of observing the speed of a ves- 

At  the top of each is a small aperture. 
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sel with the log-chip. The direction of the movement of a can is obtained 
by compass bearings from the station point. 

In the “Blake’s’’ work, if only the surface current was to be observed, 
the apparatus taken into the boat embraced one set of two cans, the gradu- 
ated line wound upon a hand-reel, and the time-glass or chronoscope. The 
force employed consisted of two men in charge of an officer. One man 
fastened the boat to the sounding-line and then held the glass or chrono- 
scope; the other got over the cans and held the reel, while the officer read 
the divisions on the line and took the bearings. The rapidity with which 
Mr. Peck, Master, and afterwards Lieuteiiant Sharrer, could accomplish this 
kind of work with the little dinghy, even in moderately rough seils, was 
remarkable. We generally made use of their observations in shaping the 
course. The direction and velocity of the current would be. shouted to 
those on board the vessel before the dinghy got alongside, and the course 
to be steered, allowing for the current found, was generally known by the 
time the boat was at the davits.:“ 

When it was desired to observe for sub-surface currents, a cutter, 
manned by four men in charge of an officer, was used instead of the dinghy. 
A spare sounding-machine, like that shown on Plate 6, was iashed in the 
stern of the boat, and contained the sounding or connecting wire in five or 
ten fathom lengths, each length having at one end a small brass thimble and 
at the other a sinall snap-hook. To join the successive lengths it was only 
necessary to snap the hook of each into the thimble of its neighboring length. 
The reel projected slightly over the gunwale of the boat; in its friction-score 
was laid a simple friction-line, the standing part of which was secured to 
the bed-board of the machine in advance of the reel, the inboard or haul- 
ing part being managed by hand. To get overboard a set of cans for sub- 
surface observation, the lower can, after being attached to the snap-hook at 
the outer end of the wire, was allowed to sink rapidly, the wire paying out 
from the reel, which meanwhile was kept under frictional control.. When 
the snap-hook had cleared the reel, denoting that the can had reached the 

-.. - .- - -  -. - - - . . . 

* When not on our sounding-lines we occneionally took current observations for nnviynting purposes, 
l3y yesorting to this expedient we were sometimes ennbled to perfom, with snfety, feate of if “on soundingn.” 

piloting which otherwise would have been extremely humdous. 
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required depth, the reel was stopped, and the upper can, which had pre- 
viously been fitted with the graduated line, was then quickly attached to 
the submerged wire and set adrift. 

The methods of observing currents from a boat are inexact at the best, 
and are particularly so when a graduated line must be used; hence the 
mean of a number of observations should be obtained when possible. In a 
‘‘ straight current,” as in a river or a canal, a measured base on shore, par- 
allel to the axis of the stream, with ranges and theodolites at each end, has 
been made use of instead of the graduated line. Electric current meters 
have also been used successfully for determining the velocity of the lower 
strata in rivers and canals, but I think no meter has yet been adopted 
which will record the direction of sub-surface currents in ocean depths.” 

There will be described under Cases I and I1 the methods employed 
by the “Blake” for determining sub-surface currents, one case being a 
modification of the other; also, under Case 111, a better method, a descrip- 
tion of which, with special reference to spherical floats, is given in Ap- 
pendix No. 26, Coast Survey Report for 1859, page 311, by Prof. Henry 
Mitchell. It will be observed that Cases I and I1 do not involve the 
departure of the vessel from her station near the position of the sounding, 
even though long delayed there, while in Case I11 she might be required 
to temporarily abandon the line of soundings in order to pick up the boat. 
This will explain why we did not adopt the most accurate method. 

a e e  r.-During the whole period of observation the boat remains 
. _. __ . 

* hlr. Clemens Herschel, civil and hydrnulic engineer, has devised snme electric current meters whic?i are 
These 

Mr. Herschel is very sanguine of the future success of meters in deep-sea 

“ Electric current meters are now mnde in serviceable form for deep-sen obeervntions in this country. 
They have been used in ten to fiAeen fathoms on the rivers connecting the great Lakes, as detniled in the several 
reporta of the Chief of Engineers United States Army, Survey of the Great Lakea, in the years 1W to 1872; 
also, in depths up to twenty fathoms on the Uruguay, Parafin, L a  Plata, nnd other large rivers in South America, 
as described in RBvy’s Hydraulics of Great Rivers, E. & P. N. Spon, London and New York. A skillful 
observer should find no insuperable difficulty in using them at much greater depths. Several of these instru- 
ments could also be strung on one and the same vertical guide-wire, and simu2laneous observations of the cur- 
rents at different depths be taken in this manner. 

“An  instrument fur observing the direction of sub-surface currents at any depth is described in the Mi- 
utes of the Proceedings of the Institution of Civil Engineern of London, session 1876-’76, Pt. 111.” 

favorably known. 
meters do not record the direction. 
current work. 

They are manufactured and sold by Buff & Berger, 9 Province Court, Boston, Maee. 

His own statements in reference to the subject are here given: 
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anchored by the sounding-rope. Preceding and following the observations 
for sub-surface current, and, if necessary, at intermediate stages, observa- 
tions are made for ascertaining the surface current. Stated in general 
terms, the sub-surface current at any depth is found by first establishing, 
by observation, its relationship to the surface current, when, the latter 
having been ascertained directly by observation, the former may be de- 
duced. The observations for sub-surface currents are executed iii the 
same way as those for surface current, excepting that the lower can is sunk 
to the depth of the stratum the flow of which it is desired to know, and that 
the time during which the connected cans are allowed to drift is generally 
increased to some multiple of thirty seconds, requiring a corresponding 
division of the reading of the graduated line. This increase of the time 
interval is also sometimes necessary in the observation of surface currents 
when there is a low velocity. 

While the lower can of a sub-surface set is sinking it may be succes- 
sively, under the influence of several currents, setting in different directions, 
in which case the upper can, when set afloat and released from restraint, 
will sometimes not attain a steady movement until some yards removed 
from the station point. In most instances, however, particularly when the 
lower can is not sunk to any great depth, it will be found in practice that 
the movement of the cans is so slow that the station point may be accepted 
as the point of departure of the upper can in taking up the true or resultant 
movement, and consequently the point from which to reckon the compass 
bearing and the reading of the graduated line. 

Case I is when the station point may be taken as the point of departure. 
It is assumed that the connecting wire of the sub-surface set of cans is rigid 
and vertical, and that it has no effect on the movement of the cans. The 
direction of the movement of the upper can is obtained by a compass bear- 
ing from the boat, and this, with the reading of the graduated line, is 
accepted as giving the resultant of the movements of the upper and lower 
strata, the latter at the depth to which the lower can is sunk. 
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Let w = velocity of the surface current = the velocity which the upper 
can would have if moving alone; 

w1 = velocity of the sub-surface current = the velocity which the 
lower can would have if moving alone in a horizontal plane; 

V = resultant velocity of the upper and lower currents = the ve- 
locity of the connected cans; 

a = angle included between the directions of w and V ; 
a' = angle included between the directions of v' and V ; 
8 = angle included between the directions of v and I + .  

v and V are given by the readings of the graduated line ; a is given by 
the difference between the compass bearings taken at the surface and 
sub-surface observations respectively. Since 8 = a + a', if a' is found we 
readily get 8. 

If u and w' 
are not in the same vertical plane, V = the half-sum of the projections of u 

and w1 on the vertical plane containing V, or 
=the sum of the projections of 3 w and 3 v' 
on that plane, and the solution may be effected 
by constructing the parallelogram of velocities. 
The method of solution by projection admits 

* of greater accuracy than the means employed 
in observing, and this method practiced on board the " Blake." 

Completing the 
parallelogram A. B, C, D, we get the side A C = 3 w', and the angle B A C 

= 8; or, in Fig. 2, 

a parallelogram mu- 

A B=u, A E = V, and 
B A E=a.  Draw B 
E and produce it to 
C, making E C = B E. 
Then A C = v1 and B 

If w and d are in the same vertical plane, V = 3 (w + d ) .  

F l Y l .  

:a' p *<qZZD 
C 

In Fig. 1 make A B =  3 v, A D = V  and B A D = a .  

\ 

\ \ 
since the diagonals of 

\ tually bisect, make 

\ 

\ 

?'\ 

'\ 

'\,, -- ----x- ---____^______ 

/ e 0  

.* 

/ e 0  

C AC=O. 
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If it be intended to effect a solution by computation, A B = 1 LC and 
A D = V  (Fig. 1) may be referred to rectangular axes and the usual formuh 
employed, or the solution may be obtained from the two equal triangles 
of the parallelogram; since B D = A C = 3 TI', and B D A.= C A D = a', 
we have given, in the triangle A B D, the two sides A B and A D, and the 
included angle B A D, to find the side B D and the angle B D A. 

mue rr.-When, at the observation for sub-surface current, the st a t' ion 
point may not be accepted as the point of departure of the upper can in 
taking up its true movement, a modification of the method described 
under Case I becomes necessary. The sti-ay-liiie is dispensed with, and 
the can is secured to the graduated line at the initial point, the white rag. 
When the upper can, after having been set adrift, has attained a steady 
movement, time is noted, and a simultaneous compass bearing of the can 
and reading of the graduated line are taken at the station point. Wlieii 
the movement has continued for thirty seconds-or some multiple of thirty 
seconds-a hearing and a reading are again taken. These give the data 
for finding V and n. 

In the triangle A B C, Fig. 3, let A be the station point, B the position 
of the upper can at the first reading of the graduated line, and C its posi- 
tion at the second reading; then, from the Fig. 3 .  

readings and the bearings, we have the two *-Ic 
sides A B and A C, and the included angle 
B A C. from which we may find the side B C'= V, and also the angle A B 
C, or the angle A C B, either of which, by its relation to one of the two 
compass bearings already taken, will give the compass direction of V. 

Having V and its compass direction, the conipass direction and extent 
of o being known from observation, we readily get a, whence 1:' and the 
angle 9 (Fig. I) may be found as in Case I. 

&ne rr.-The observations for surface current are made from a boat at 
anchor, as in Cases I and 11, but those for sub-surface current are made as 
follows : Havingascert ained the surface current and lowered the sub-surface 
set of cans, the latter are released without any graduated line attached. 
At  the same time the boat is cast off from the sounding-rope and her course 

B 

17 D 8 
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laid in the line of movement of the floating can, near which object her 
head is constantly kept, care being taken that the manoeuvring of the boat 
may not influence the motion of the can. Everything being ready, the set 
of cans used h r  the surface observation-with the graduated line attached, 
but without stray-line-is placed overboard as close as possible to the 
floating can of the sub-surface set and is quickly released, time being noted. 
The graduated line is payed out as necessary, and the boat constantly 
kept in her position near the floating can of the sub-surface set, as before. 
If there is any difference in the direction or velocity of the flow of the 
upper and lower strata the two sets of cans separate. At the end of the 
selected time interval the distance separating the two floating cans is 
measured by means of the graduated line, and a compass bearing of one 
can from the other can is taken at the station point, in the bow of the boat. 

This measurement gives in the triangle A B E, Fig. 2, the side B E; 
the compass bearing, together with the compass bearing taken at the obser- 
vation for surface current, gives the angle A B E. The side A B = w being 
known, we have, in the two sides and the included angle cited, the data 
for finding the side A E = V, aud the angle B A E = a. With V and a 
known, d and 8 may be found as in Case I. 

When there is a swift surface current it would perhaps be easier to 
keep the boat near the flokting can of the surface set, in which case the 
graduated line would have to be attached to the other floating can, but in 
the method as stated the boat’s head at the time of getting over the second 
set of cans has already been laid in the direction of the movement attained 
by the sub-surface cans; hence, to follow the other set would often require 
an abrupt change of course and no inconsiderable manoeuvring. 

The difficulties in the way of accurate observation from a boat are 
evident to the nautical person. The boat is generally restless, and, when 
anchored to a long riding-scope at short stay, is liable to provide only a 
shifting station point. A bucket towed astern may lessen the swinging of 
the boat, but her instability cannot be overcome. The sinking and deflec- 
tion of the graduated - .  line, and the oscillations of the compass-card, are 
obstacles in the way of trustworthy observations. 

. 
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REMARKS ON THE CONDITIONS ATTENDING DEEP-SEA WORK. 

The conditions attending deep-sea work should be borne in mind in 
devising apparatus intended for the prosecution of such work. This as a 
fact seems to be self-evident, but in the observance it is not always fulfilled, 
as many of the deep-sea appliances which have been devised from time to 
time bear evidence. Some of these conditions are stated as a reminder to 
those who have had no actual experience in the work. 

m l c i n g  atua m c l r i n g  of the vwsez.-This is an important matter to be 
considered, as has been made to appear many times in this book. 

m i j t i 9 t g  op tAe rreseec.-Under the influence of wind or current, or both, 
a vessel will dkft away from the position which she occupied at the begin- 
ning of an operation. That there are sometimes sub-surface currents to 
be encountered, and that they are frequently found to move in'a different 
vertical plane from that in which the surface current moves, must also be 
considered. 

Bea-louter OD8 metde.-By corrosive action, if the metal 
employed in the construction of apparatus used for submarine work be not 
properly chosen, the friction of working parts may be much increased, con- 
tact of valves with their seats may be destroyed, and parts not accessible 
for cleaning may become much fouled. 

6 p e c i .  a t ' a ~ i t ~  op 6eu-ututer.-It must be remembered that in sea-water 
bodies are more buoyant than in fresh water. 

TItevntaz Diiperences.-Instruments in leaving the vessel and descending 
to deep water may be exposed to a wide range of temperature, often from 
over 100" in the sunshine to nearly 32" in the deep water. In this connec- 
tion it should be remembered that different metals or materials expand or 
contract unequally under the influence of heat or cold. In delicately- 
adjusted parts unforeseen contact or breaking of contact may result from 
much change of temperature. 

Since the lubricating oils do not retain their fluidity at a low tempera- 
ture, they shouldnot be used to lubricate parts of instruments which are 
to be submerged in cold water. The water acts as a lubricant. 

nUdroetatio meeeut.e.-The pressure on any plane surface immersed in a 
fluid is equal to the weight of a column of the fluid whose height is equal to 

a i r o e t u e  Aotdott 
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the perpendicular depth of the center of gravity of the surface, and whose 
base is equal to the surface pressed. 

Taking the specific gravity of sea-water as 1.026, the weight of a cubic 
iiich would be .594 ounce avoirdupois. The weight of a column having a 
height of one fathom (seventy-two inches) and a base of one square inch 
would be 42.768 ounces, whence we would get the following approximate 
pressures on the square inch : 

Poondn. 
At a depth of 1 fathorn .____. . .. . --. - - -. . . __. . . - - - _ _  . -. . -. ._ . -. . 2.674 
At a depth of 10 fathoms . . . -. . . -. . - -. - - . - - - - -. . . . -. . . - -. . . . . . . -. . 26.740 
At a depth of 100 fatliorns. - - . - - _ _  - . . . . - -. . - -. . -. . -. . -. . . -. -:. . . __. -. -. 267.400 
At a depth of 1,000 fathoms ._-. _. .__ __. .__. .. _ _  _. - _  __.. . . ___. .._. .__. . .__ .___ ._.. ___. - .__... 2,674.000 

-. . _. . . . . . __. - -. _. 
-. . . . -. - -. -. . . - - - -. 

Few valves will resist or retain the pressure in very deep water, 
and hermetically-closed chambers must be strong not to be collapsed. 
Material which was buoyant at the surface may become water-logged, or 
materials may be compressed until they lose their former shape. 

While many other points should be considered, according to the char- 
acter of the work or the machinery, the foregoing are some of those which 
are most prominent in importance because of their bearing on ordinary 
operations. 

STRENGTH OF SPRINGS. 

One of my chief troubles at the outset of our deep-sea work was in 
getting any information concerning springs for mechanical uses ; even the 
workmen who made springs apparently knew little more concerning them 
than was to be obtained by experiment in each individual case. 

The use of springs for delicate mechanical operations at sea should 
be avoided as much as possible, particularly if the instrument with which 
they are employed is intended to be submerged, for the springs will then 
undergo considerable change of temperature and sometimes much rough 
usage. The action of springs in air certainly does not furnish a true 
measure of that which they have in mud. 

If a flat or sheet spring be used, its broad surface, or the surface 
which is at right angles to the plane of flexure, should not be presented 
to the resistance of the water in its movement through it, unless the effect 
of such resistance on the flexure of the spring be taken into account. 
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The following is copied from Principles of Mechanics, by W. J. Miller, 
C. E., London, 1874; E. 6c F. N. Spon : 

“A spring being a bar of metal in a coiled form, when weights nre npplied either to comprem or extend 
the coil, we have n corresponding compression or exteiision of the metal, and, tlierefore, this cliango of figure will 
be directly ns tlie weight or force W applied, and directly as the niiniber of coils. Let N =number of coils, D = 
menn diameter of coil, and d=side of wire if squnre a i d  tlinmeter if round (rouird steel is usually preferred by 
engineers, n~ the squnre form is npt to crack nt tlie edges during coiliiig) ; then elongrition OF cornpression = W x 
N. If we now vary tlie diameter, and corisider similar pnrta of sue11 different rizet1,coils ns beam undergoing 
bending, we inny apply the formula for the deflwtion of benms dready given. \\’e shnll thus have the elongn- 
tion or compreesion directly ns W X h’ X IF. 

“Again, i4 tlie section of iuetal be varied, a i d  if we still consider purt of the apring nn u beam, we have the 
deflection or change of curve nrJ b X d3 ( b = brendtli), or, in this case, since b = d, ne d4, and, therefore, the 
elongation or comprecwion of tlie coil will be inveiwly a~ d’, and tlie formula will, therefore, be- 

W x N x - 1)3 x ; 
Elongation or coinprcuraioii = 

d‘ 
C = n constant drturmined by experiment. 

“If  the diameter nnd thickness of wire be expressed in inchea aud the weight in pounds, then i t  nppenrs 
from experiment that for steel spriugs of square Mection- 

1 
L‘ =z,iofi;~o; 

and for round section- 

L‘ = i,iw,oot, 
the elongation or compreesion being obtnined iu inches?’ 
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DREDGING AND TRAWLING ; APPARATUS AND METHODS. 

FITTING THE “ BLAKE ” FOR DREDGING. 

On the arrival of the “ Blake ” at New York, in July, 1877, following 
the close of a winter season in the Gulf of Mexico, it was announced by 
the Superintendent of the Coast and Geodetic Survey that a part of the 
winter season of 1877-’78, in the Gulf, would be given up to dredging, for 
which purpose Prof. Alexander Agassiz would be associated with the Coast 
Survey party. Professor Agassiz had recommended the use of steel-wire 
rope for dredging, and his recommendation had been approved by the 
Superintendent. 

The “ Blake’s ’’ party organization for the purposes of deep-sea work 
had existed for five years continuously: two years uiider the command of 
Commander J. A. Howell, U, S. N., and three years under my command. 
Since under the liberal control of the Superintendent, the arrangements of 
the vessel for the work in which she was engaged had been made very 
complete, and the party on board had become experienced in the conduct 
of most deep-sea operations, opportunity was offered for undertaking dredg- 
ing at much less trouble and expense than would have been possible with 
a new organization. There was needed for the dredging operations the 
direction of a capable naturalist, which was secured to the full in the serv- 
ices of Professor Agassiz; but, for the vessel, only such additional appa- 
ratus was necessary as belonged strictly to a dredging outfit. 

The adoption of steel-wire rope, although presenting to our minds at  
the outset a few difficulties, which we confidently expected to overcome 
after a short experience, simplified matters as compared with what had 
previously been thought proper in a dredging outfit. Before that time 

134 
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dredge-ropes had been of hemp or manila, and usually, for deep work, a 
tapering rope of three inches, two and a half inches, and two iiiches in 
circumference had been employed. The size of the steel rope selected for 
our work was one and one-eighth inches in circumference throughout its 
whole length. 

2fHemp 0 h'3ted 0 
Q.-cOMPARATIVE SIZE OF DREDQE-ROPBB. 

Professor Agassiz and his indefatigable associate, Mr. S. W. Garman, 
did everything pertaining to their own special work as naturalists, and in 
addition accepted a share in fitting the vessel. In the division of work 
agreed upon, Professor Agassiz provided the dredges, trawls, tow-nets, &c., 
while the Coast Survey party planned and placed on board the rneans for 
working the wire rope. In its several stages of progress the preparation 
of the vessel was reported to the Superintendent for sanction or improve- 
ment, and as a rule our plans were also submitted by me to the valuable 
criticism and suggestions of Professor Agassiz. 

The dredging cruise of the ensuing season (1877-'78) having proved 
successful, and having demonstrated the efficacy of the steel rope so 
opportunely recommended by Professor Agassiz, the vessel was refitted to 
continue the dredging work on a second cruise during part of another 
winter season (187W79). 

Improvements were made in dredges and trawls during the first cruise, 
and a practical experience gained which suggested improvement or modi- 
fication in the method of operating the wire rope. On the completion of the 
second fitting of the vessel for a dredging cruise and the regular party 
work to follow, Commander John R. Bartlett, U. S. N., succeeded to the 
command. For this second preparation, the duties were divided between 
the naturalists and the Coast Survey party precisely as before, Professor 
Agassiz adding to his own special duties as naturalist the supervision of 
the manufacture of trawls and dredges, this time after the improved forms, 
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and the party on board, under. the control of the Superintendent, devising, 
purchasing, and putting in place the system of machinery necessary for 
conducting the work. 

In the operations at sea, the management of the vessel and of the 
machinery was in charge of the Xaval Assistants, but no dredging was 
undertaken excepting in localities indicated by Professor Agassiz, he being 
the recognized director of the dredging operations. Although a division 
of duties was necessary, no stiff lines were drawn, but all exercised a 
common interest in the conduct of the work and in the improvement of 
details. When the work of each dredging cruise had been completed, and 
the naturalists had left the vessel, the regular work of the party, consisting 
of observations for depths, serial temperatures, currents, densities, &c., was 
resumed in charge of the naval oflicers, this work in each case occupying 
several months after the close of the dredging operations. 

In the courseof the present chapter the methodsof each dredging cruise 
will first be explained, and this will be followed by detailed descriptions 
of apparatus as finally approved and adopted. There will also be given in 
the appendix to this chapter descriptions of a few of the appliances used by 
the United States Commission of Fish and Fisheries. The appendix was 
written by Prof. A. E. Verrill, and I am enabled to publish it &rough the 
good offices of Prof. Spencer F. Baird, United States Commissioner of Fish 
and Fisheries. In selecting from-the material placed at my disposal by 
Professors Baird and Verrill, only those things have been chosen which, as 
it seemed to me, might in one way or another have proved a desirable sup- 
plement to the outfit of the “Blake.” It is not thought consistent to depart 
so widely from the title of this book as to include all the valuable appli- 
ances of the Commission. 

In letters to the Superintendent of the Coast and Geodetic Survey, 
which have been published as Bulletins of the Museum of Comparative 
Zo6logy at Harvard College, Cambridge, Mass., Professor Agassiz has set 
forth the valuable results obtained in his department of science by the 
dredging cruises of the “Blake.” 

The heliotype views show the vessel prepared for the second dredging 
cruise, excepting that in some of them the experimental Sigsbee sounding- 
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machinewhich  soon after these views were taken was replaced by the 
later form of the same machine (Plate 8)-is still in position. 

THE FIRST DREDGING CRUISE. 

(Figs. 1 and 2, Plate 29.) 
~ ~ ~ ~ ~ - n t ~ ~ ~  atl t~ nretkodH.-In preparing the vessel for this cruise it was 

agreed, owing to the somewhat experimental iiature of the work and the 
short time allotted for its execution, that the expenses should be restricted 
to the lowest figure; consequently the main hoisting-engine, although of 
doubtful power for very deep work, was fitted with a winch-head and con- 
tinued in use. The trouble to be feared with the steel rope wa3 kinking, 
but from motives of economy a considerable iisk was knowingly taken in 
this respecl. in adopting the plan by which we first worked the dredge-rope. 

There were provided but two lengths of the steel dredge-rope, each 
being 3,000 fathoms. One length was kept on a large iron reel, B, which 
was mounted on standards and controlled by a friction-brake. The reel 
was the same that is shown on several of the plates, but on this cruise it 
was operated by hand-cranks, and the friction-lever was on the after side. 
A swinging-boom, D, provided with topping-lift and guys, was mounted on 
the foremast by means of a band and goose-neck. At the outer end of the 
boom was a large iron snatch-block, C, hooked to a pendant that connected 
with an accumulator or dynamometer. The pendant rove through a small 
iron leading-block of extra strength permanently secured at the booin end.; 
thence over a sheave in the heel of the boom, whence it was made fast to 
the accumulator, the latter at the outset being laid on the upper side of the 
boom, and afterwards, as being more favorable to its proper action, sus- 
pended from the mast-head. The positions of the several independent 
parts of the dredging apparatus are very well indicated by the plans on 
Plate 29 and by. the heliotype views. 

In paying out (Fig. l), the dredge-rope passed directly froin the reel 
through the pendant-block, under frictional control at the reel. For h i i~ l ing  
back (Fig. 2), i t  was first stoppered abreast the pilot-house E ,  then slacked at 
the reel and led through a second large iron snatch-block, C, forward of the 
reel and abreast the winch-head of the hoisting-engine. IVitli the bight of 

, 
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rope formed between the deck-block and the reel eight or nine turns were 
taken around the winch-head of the engine. This operation completed, 
the cranks of the reel were manned, the strain on the rope taken up 
by the engine, stoppers “come up,” and the rope brought in at  a Pate 
varying from one minute to six or seven minutes per one hundred 
fathoms, according to circumstances.. As the rope, while coming in, 
passed off the winch-head it was wound “hand taut”  upon the reel. 
For the purposes of winding and guiding, a guy-rope was used, one end’ 
of which was made fast to the vessel’s rail, the other end being turned 
over an iron thimble through which the dredge-rope was always kept 
rove. For stoppers, several long lengths of sennit dere  used. . The sta- 
tions of men are shown by crosses on the plate. The objectionable 
feature of this method of winding the wire rope was in taking turns 
around the winch-head “on the bight," which, by twisting the rope, pro- 
moted kinking. Watchfulness and care were necessary, but exercising 
these we’were able to avoid kinks, excepting at the outer one or two 
hundred fathoms, where a kink was perhaps an advantage rather than 
a drawback. Kinks were easily straightened out, but they left the ;ope 
less strong than before. 

At our first attempt with the dredge we were brought to grief by an 
indescribable tangle of the .outer two hundred fathoms of the dredge-rope, 
which happened in this wise: The rope had been payed out rapidly, the 
vessel’ backing slowly meanwhile and drawing the rope ahead; the large, 
insufficiently-weighted dredge having met with more resistance than the 
compact and heavy’ steel rope, the bight of the latter had landed first, and 
the outer two hundred fathoms of .the rope, still descending, had gone 
down upon its own parts in confused coils. 

This we afterwards came to consider a most fortunate and timely acci- 
dent, for, it having Taught us how to lower the dredge, d e  did not again 
meet with a like trouble during the whole progress of the work. There- 
after the dredge, more heavily weighted, was lowered with the submerged 
rope kept vertical ‘and under strong tension until the bottom had been 
approached to about fifty fathoms, when the rate of paying out was dimin- 
ished and the vessel slowly backed until the dredge took ground, after 

- 
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which the rate of paying out was increased and the vessel backed accord- 
ing to circumstances, the rope always being kept well taut. 

The extent to which the boom was topped up for work is shown on 
Plates 24 and 30. A sounding, and‘ an observation for bottom tempera- 
ture, preceded the dredging‘ operations at each .station occupied. 

For lowering the trawl, with its heavy‘ iron frame and long, pendent 
bag, a different *method was adopted, as suggested by consideration of 
the unequal resistances encountered by the parts mentioned in passing 
through the water, it being necessary to guard against the bag getting 
up over the frame-work. With the end of the bag well weighted, the 
trawl was payed out .cautiously, the. vessel backing slowly to keep the 
rope tending slightly ahead.. As the trawl neared bottom the reel was 
stopped for several minutes, while the backing of the vessel was con- 
tinued. Then the work of paying out was resumed until the trawl. had 
landed. Our method in this respect increased the probability of plant- 
ing the trawl fairly on its runners and of keeping the rope taut at .a 
critical moment. 

The steel dredge-rope when held in the hand always gave the most 
decided indications of the dragging of a dredge or trawl along the bottom, 
and as soon as the implement was felt to be “biting” the additional scope 
of dredge-rope thought necessary was payed out as desired by backing the 
vessel and regulating the friction at the reel. 

No weights were used on the steel rope in advance of the dredge or 
trawl, as is necessary when the rope employed is of hemp or manila. The 
weight of the steel rope alone was found to keep the implement flat. 

The length of rope payed out, whether for dredging or trawling, gen- 
erally followed this rule: In depths no greater than three .hundred and 
fifty fathoms, equal to twice the depth of water; in depths exceeding that, 
one-third greater than the depth of water. 

A tackle from the forward part of the swinging-boom was .  used for 
hoisting the dredge and its contents over the rail to the deck, but the trawl, 
being unwieldy, was first swung abreast of the fore rigging by means of a 
mast-head tackle, from which position it was hoisted until the frame had 
cleared;$he vessel’s rail, when the netting was gathered aboard by hand. 
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Professor Agassiz suggests the use of a light gaff on the forward part of 
the foremast .for this purpose. 

It has been stated that the dredge and the trawl were improved during 
the first dredging cruise; in what respect will now be shown. Those with 
which we fitted out are illustrated in Fig. 1, Plate 26, and Fig. 1, Plate 26, 
respectively. Early in our work it was noticed that the dredge gave but 
few specimens o€ animal forms from soft bottoms, even whei  it came up filled 
with the bottom material. This material being ordinarily of a moderately 
tenacious character, requiring a long-continued manipulation to force a 
quantity of it through a sieve in water, it was supposed that the. dredge on 
reaching bottom soon became surcharged with the mud or ooze, and that 
very little washing out through the netting taking place thereafter, other 
matter was excluded after the first few feet had been traversed. Additional 
evidence on this point was afforded by the profusion of specimens brought 
up on the tangles from the saqe  localities, and also by the disproportion- 
ately greater number obtained in the trawl as compared with the dredge. 
The opinion was broached early in,the work that thedredge should skim the 
ground rather than plow into it, and in its form should partake of the char- 
acteristics of both the dredge and the trawl. Although this view was op- 
posed to previous practice, Professor Agassiz thought it worth submitting 
to experiment. Accordingly, Master H. M. Jacoby and thewriter improvised 
a dredge which would not plow, and it proved so successful at the first ven- 
ture that afterwards, at Key West, a drawing was prepared from which an 
improved dredge, as shown in Figs. 2,3, and 4, Plate 25, was constructed. 
The new dredge was used thereafter with much better results than we had 
met with in the use of the old dredge. With the former more than thirty 
hauls were made, some of them on very soft bottom, but in only two or three 
instances did it bring up’more than several handfuls of mud or ooze, 
although by lining the bottom of the bag with closely-woven stuff, bottom 
material in considerable quantity might nearly always have been obtained. 
It is ‘evident that the improved dredge, without the special lining, collects 
the material of soft bottoms in such small quantities that the much-desired 
washing through the netting of this material in the process of dragging 
actually’ takes place. 
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THE IMPROVED TRAWL READY FOR USE. SEE FIGURE 2, PLATIS 2 6 .  

Helwfypt Prinfinr Co.. 220 Druonshirc Sf., Boston 



DREDGING A?AD TRAWLING-APPARATUS AND METHODS. 141 

With the style of trawl that had previously been used for deep-sea 
work it was’essential to success that it should land fairly on its runners; 
that is, with the beam uppermost. Although it would land as desired in 
most cases, yet experience had shown repeated failures, and a failure in 
deep water involved the loss of much time and the risk of valuable gear 
without compensation. 

Professor Agassiz, Lieutenant Ackley, and the writer, in the course of 
‘a conversation, each offered suggestions ‘until we had succeeded in draw- 
ing up a rough design for the trawl shown in Fig. 2, Plate 26, and also on 
Plates 27 and 28, and we afterwards had much reason to be gratified with 
the working of the improved implement. 

THE SECOND DREDQING CRUISE. 

(Fig. 3, Plate 29.) 
Apprrrtua raid mdwas.-The first dredging cruise having established 

beyond doubt the superiority of steel rope over hemp or manila for dredg- 
ing purposes, the SuPerintendent authorized a more complete outfit for 
the second cruise. 

’Fig. 3 shows the method of working the dredge-rope during this 
cruise, The r e d  B, containing the rope, was the same that had previously 
been used, but it was reversed to bring the brake-lever on the forward 
side, and was provided with a small double-cylinder reversible steam- 
engine, E, for winding the wire. The lead of the rope was as follows: 
From the reel it followed the course.of the dotted line, passing through the 
several iron snatch-blocks C, C, &e., eight or ten turns being taken around 
the winch-head of the hoisting-engine A. This was the lead of the rope, 
both for paying out and for hauling back; there was no need t o  take 
turns around the winch-head “on the bight’’ as before, and thus the rope 
could be kept constantly under tension, which is almost a necessity in 
working wire rope. The fleet aft, from the reel B to the first block C, was 
a long one, rendering it easy to guide the wire evenly on the reel when 
hauling back. The swinging-boom and its fittings were the same as before, 
excepting that a new accumulator, or dynamometer, Fig. 3, Plate 34, was 
provided. The new hoisting-engine A was very different from that for- 
merly used. On the latter the winch-head was permanently connected with 
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the crank-shaft by gearing, and could not be worked independently of the 
engine. 

The new engine (Plate 33) will be more fully described hereafter, but 
it is necessary to give some idea of it at this point in order to explain 
clearly the operation of dredging during the second cruise.' 

The winch-head, which over its smallest circumference exactly accom- 
modated one fatbom of the rope in a single turn, was fitted with a friction- 
band, the lever for which could be instantly locked in position, either when 
the friction-band was out of contact or when binding with full force. By 
means of a clutch and lever, the latter fitted to lock in position, the winch- 
head could be connected or-disconnected from the engine at  will. A 
worm on the hub of the winch-head was made to engage the gears of a 
counter or register such-as was used on the sounding-machine. By this 
means, due to a timely suggestion by Lieut. W, 0. Sharrer, it was no longer 
necessary to mark the dredge-rope; the counter gave the length of rope 
out with a percentage of error too small to be of consequence in dredging, 
for the exact depthwas always first ascertained with the sounding-machine. 
All appliances for controlling the engine were placed on the starboard dde, 
and one man standing on that side, as sho.wn by the  cross on Fig. 3, per- 
formed five duties-viz, to attend the throttle, the friction-lever, the clutch- 
lever, the reversing-lever, and to read the counter. 

At the dredge-reel the arrangement was similar; the man standing at 
that point attended the throttle, the friction-lever, the clutch-lever, and the 
reversing-lever. In addition, he could guide the rope on the reel in case 
of emergency. 

The drawings for the' hoisting-engine were made by Mr. Earle C. 
Bacon, of Messrs. Copeland & Bacon, 85 Liberty street, New York. I 
stated to him the size of cylinders, relation of gears, the action required 
of the several parts, the positions of levers and throttle-in general terms 
the requirements; and he then worked the whole out in his own way-no 
easy matter, as may easily be seen-using his patent trunk-cylinders; and 
so successful was he in the design that not a single fault has been found 
with his engind by those who have used it. He worked out the form of 
the winding-engine at the reel, and with the same success. 
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T H E  IMPROVED TRAWL SHOWN AS HAVING "TRIPPED" AFTER FOULING WITH ROUGH ROTTOM. 
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On this cruise the methods adopted for planting the dredge and trawl 
were practically the same as on the previous cruise, but as regards the 
working of the machinery and gear Professor Agassiz and Commander 
Bartlett state that the drawbacks which had been experienced before were 
not met with at all. The work proceeded smoothly, and without accident 
which could in any way be laid to the agency of the machinery. The 
rope could be wound upon the reel with nice regularity. 

The operation of paying out rope was managed as follows : the dredge 
or trawl being shackled to the rope and over the side, the counter set, 
the friction-brake at the reel in hand, and the engine at the reel out of 
gear, the brake at the hoisting-engine was thrown out of action and 
locked; the winch-head was clutched to the gears and the link adjusted for 
reversing the engine. The weight of 
the dredge or trawl alone not being sufficient to overcome the various 
resistances opposing the movement of the rope, it was necessary to pay out 
with the hoisting-engine until the weight of. several hundred fathoms of 
rope had been added thereto. All that was required to start the operation, 
after the preparatory measures already descr'ibed, was to open the throttle. 
When the submerged weights were sufficiently heavy to overhaul the rope, 
the throttle mas closed and the winch-head unclutched from the gears. 
The friction-brake at the reel needed careful attention, particularly when 
the hoisting-engine was turning over, for the latter was powerful enough 
to part the rope, while the former could give a resistance much beyond the 
breaking strain of the rope. 

In dragging, the strain was taken at the winch-head, controlled by the 
brake, backed, if necessary, by the brake at the reel. 

For hauling back, the winch-head and the reel were thrown into gear 
with their respective engines, and the links of each engine adjusted for 
winding up the rope, The brake at the reel was secured out of action, and 
the throttle of the winding-engine was then opened slightly. As nearly as 
possible at the same time steam was turned on at the hoisting-engine and 
the brake on the winch-head locked out of action. Afterwards the speed 
of the winding-engine was regulated to suit that of the hoisting-engine, 
the object being to keep the rope taut between the two eiigiiies in order to 

In this state everything was ready. 
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avoid kinking, and at the same time not to wind it upon the reel under so 
severe a tension as to accumulate a great crushing force upon the drum or 
barrel of the reel. 

After our first dredging cruise it was the general opinion on board 
that, in dredging, an accumulator was not a necessity, excepting as a 
dynamometer and to give a slight elastic cushioning. A critical moment 
in dredging is when a dredge or trawl which has fouled with the bottom 
is in the usual position for breaking ground-that is, when the rope is 
vertical and under great strain. At  such. a time it is desirable to know 
the condition of affairs-below, and this a dynamometer will show, although 
after a short experience a person can form a correct judgment by holding 
the rope in his hand. When the dredge is foul, it must generally be broken 
adrift by strain, not by cushioning. Sometimes, however, a little man- 
aeuvring of the vessel over the rope niay serve to clear a foul, and then 
cushioning is desirable. When dragging, the change in form of the 
catenary of the rope gives the effect of an accumulator. The “Blake’s” 
accumulator was capable of extending about six feet, and this was found 
to give ample cushioning. The deepest haul made by the vessel w& in 
2,400 fathoms. 

During this dredging cruise the trawl was still further improved in a 
manner which will be explained in its proper place. 

On the first dredging cruise tow-nets had been used only at  or near 
the surface, because Professor Agassiz had but little confidence in the value 
of the tow-net as it had generally been worked in deep waters-i. e., with 
the mouth wide open during the several processes of lowering, dragging, 
and hauling back. The exact habitat of specimens brought to .the surface 
in this way was thought to be very much in doubt. The desirability of 
having a tow-net which could be kept closed in lowering and hauling back, 
and yet be kept open when,dragging, was several times the subject of con- 
versation on board. I suggested something of this kind: the net to be 
fastened to the dredge-rope and lowered with the mouth closed; when 
dragging, a weight to be sent down on.the rope, which would open the tow- 
net and at the same time detach itself and f d l  clear; when ready to haul 
back, a second weight to be sent down to close the mouth of the net. This 
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is a vague suggestion, but it might perhaps be put in mechanical shape.” 
On the second dredging cruise an open-mouth tow-net was tried in deep 
water, but not with much success in getting specimens. 

Another device, called the tangle-bar drag, for dragging along the 
bottom, was used on the second cruise. It was towed by a bridle, and 
had swabs secured along its whole length. This apparatus brought up 
specimens in great profusion. 

’GENERAL REMARKS. 

The advantages gained by the iise of wire rope for dredging purposes 
are chiefly in the following particulars : compactness, strength, durability, 
neatness, facility of handling with a small force, celerity of operataions, 
and economy. 

The duration of the dragging-interval was made much shorter in the 
“Blake’s” work than had previously been the practice. In the greater 
depths, where more time was consumed in lowering and hauling back, a 
longer interval was usually allowed than in depths less than five hundred 
fathoms. This restriction of the dragging-interval was perhaps a natural 
consequence of the increased facilities gained in dredging with wire rope, 
but it seems a reasonable ‘way of working from other points of view. A 
first haul will generally indicate, to some extent, the fertility in specimens of 
the bottom that is being worked, whence barren ground may be abandoned 
or rich ground worked exhaustively. The longer the dredge or trawl is 

. . .. - . - . . . . .. . _. , . . . . ...... . . ....... . .. - - . .. . . - . . -. - . - ._ .. -- ___. 

*An apparatus for this purpose, which has reoently beeu devised by the writer, at the request and with 
the assietanoe of Professor Agassiz,.hae now been made by authority from the Yuperinbndent of the Coast and 
Geodetic Survey. I t  will be tested during the coming summer, and doubtlens will be published aftarwardn, 
with such improvements as experience may suggest to  Professor Agaeeiz, under whose direction it will be used 
Our plat,i is to trap the EpWimenS hy giving to a cylinder, covered with ganze nt the upper end and having a 
flap valve nt the lower end, a rnpid vertical descent between any two deptlls, as may be dwiiwl; tho valve 
during such descent to keep open, but to remain closed during the proceeees of lowering and Iiauling baok with 
the rope. Air idea ofwhat it is intended to effeot may be stated briefly thus: Specimens are to be obtained 
between the iiitermediate depths a and b, the former heing the uppermost. With the apprrratns iu poeition, 
there is at n the cyliudrr aiispended from n frictioii clamp in such a way that the weight of the cylinder and ita 
fraine keeps the vnlve closed; nt b t1ier.e is n friction bqfer. Ererytliing being reiidy, a small weight or iiiewseiiger 
is sent down, wliicli on &king tlir clnnip diserigages the latter utid nlso tlre cylinder, wl~et! mwenger, clanip, 
nnd cylinder descend bp tlieir own weight to b with the valve opeii duriiig the ptwiige. When the cylinder- 
frame striker the 1)uffer at b tlie vnlve ia tlieiwpon closd, nnd it i R  kept closed tliereatbr by the weight of tlie 
messenger, clamp, nnd cylinder. The friction bufker, which is four iuclies long, way be iwgulated 011 board to 
give as many feet of curliioniiig as desired. The size of tlie oyliiider for trial 
is : height, twn feet ; diaineter, ten inches. 

All part8 are simple m d  strong. 

APRIL, 1880. 
19 D S 
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dragged the greater the probability of fouling and losing 'the implement 
and its contents, although the probability of fouling in very deep water is 
generally not so great as in the lesser depths. Professor Agassiz found 
that some of the more delicate specimens were much injured when a 
long dragging-period had been allowed. On the first dredging cruise, 
with the imperfect machinery then on board, we would haul as many as 
eight times in one day in depths varying from one hundred fathoms to 
1,500 fathoms. On one occasion we made a fine haul at eight hundred 
fathoms in one hour and twenty minutes, including twenty-three minutes 
for dragging. The time was taken on letting. go and again when the 
dredge or trawl appeared above water. After the departure of Professor 
Agassiz from the vessel, shortly before the expiration of the first dredging 
cruise, we made in one day, between 7 a. m. and 5 p. m., ten hauls with 
the dredge off Havana in depths from fifty to four hundred fathoms. The 
bottom was rough and the dredge fouled at every haul, but no losses 
occurred, and the hauls were rich. Throughout the second cruise the 
work seems to have been done intentionally somewhat slower than before, 
but at the same time with greater steadiness. 

The following may be set down for safe work : Time per one hundred 
fathoms paying out and hauling back, three to five minutes, according to 
circumstances ; time for dragging, ten to thirty minutes, according to depth 
and the character of the bottom. The rate of dragging may be from one 
and a half to three miles per hour, according to the character of the bot- 
tom and the state of the sea. Paying out, and also hauling back after the 
dredge or trawl is off bottom, is so easily done that there is a great tempta- 
tion to work rapidly, but it should be remembered that in paying out it is 
of the first importance to plant the implement properly on the bottom, and 
that in hauling back the delicate specimens may be injured by too great 
speed. 

DREDGES: THE OLD PATTERN AND THE IMPROVED PATTERN. 

(Plate 25.) 
The objection to the old dredge for general use has already been 

stated, but as it has hitherto been regarded almost as a standard form, 
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and in special cases would be more serviceable than that which is herein 
styled the improved dredge, a description of it is given. 

The Otd-~attel'Db Da-edue (Fig. 1) .-There is a frame consisting of two 
flaJing mouth-pieces of flat wrought-iron, beveled on their front edges, 
perforated with a row of holes along their rear edges, and joined to 
each other at their ends by bent wrought-iron braces. The braces 
serve also to hold the two wrought-iron arms forming the span or 
bridle by which the dredge is attached to the dredge-rope. A band of 
netting is stitched along one of its edges to the frame by means of plia- 
ble wire passed through the holes already mentioned; the free edge of 
the band i s  then gathered and seized so as to complete an open-mouth 
bag. Two lengths of stiff cotton canvas stitched to the frame over the 
netting form a shield for the latter when. the dredge is dragging. The rear 
edges of the lengths of canvas and the bottom-seizing of the netting bag 
are stopped to a wisp of ratans, which serves also for fastening on sink- 
ing weights and swabs or tangles. One arm of the dredge is longer than 
its fellow, and to the eye of the long arm the dredge-rope is shackled. 
The eye of the short arm is seized with five or six turns of rope-yarn to 
the eye of the long arm. In the event of a foul on rough bottom endan- 
gering the dredge-rope, the rope-yarn seizing will part and allow the dredge 
to slew, an action which rarely fails to disengage it from an obstruction. 
These dredges are of different sizes, the frame of that for general use being 
about three feet wide, eight inches deep in the throat, and its length to the 
end of the bag being about four feet. 

The Ia~i~r*oued m e d u e  (Figs. 2, 3, and 4).-By reason of having flaring 
mouth-pieces, and a flexible body composed 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 skim- 
ming 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 dredge is a rectangular skeleton box made of 
wrought-iron. The mouth-pieces are flat, beveled on the forward inner 
edges, perforated along the rear edges as on the old dredge, and are riveted 
to the skeleton or bar-iron portions .of the frame-work, in which position 
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they are held parallel. The rear of the upper and lower sides of the skele- 
ton are connected by three riveted braces, the whole frame-work being 
rigid. A tangle-bar of wood, bar-iron, or.iron pipe, to carry the weights 
and tangles, has seized to it three sister-hooks, which are hooked severally 
around the braces and moused. The arms are like'those of the old dredge, 
one arm being longer than the other. A netting hag and canvas shield, as 
in the case of the old dredge, are stitched with pliable wire to the dredge- 
frame. The 
bottom of the main bag is stopped to the middle brace at the rear of 
the frame. Each flap of the canvas shield is turned over and around its 
own side and end of the skeleton frame, and stitched to its own part 6 t h  
stout twine, presenting a tolerably smooth sliding-surface. 

A trap like that of the trawl is fitted inside the main bag. 

DIMENSIONS ' OF IMPROVED DREDGE. 

Length from mouth to rear of frame. ............................. .) ........................ 
Depth between mouth-plates or flanges .................................................... 
Width of irame .......................................................................... 

Thickness of metal. ........................................................ 
Distance of row of holes *om, rear edge .___ _ _ _ _  _____. _ _ _ _ _ _  ______. ._.__. _ _ _ _  
Distance apart of holes ..................................................... 

Skeleton irame, diameter of round-iron.. .................................................. 
Long arm: Length ....................................................................... 

Dlameter of round-iron.. ...................................................... 
Short arm: Le ngta... .................................................................... 

Mameter of round-iron.: ...................................................... 
Shield ............................................................ ......( cotton canvas).. 

MoUth-plntes : Width ..................................................................... 

Netting for main bag and trap : Mesh. ........................................... (square). . 6 inch. 
Stuff ...................................... (tarred cotton).. 94 thread.. 

If it be intended to bring up a specimen of the bottom material with 
this dredge, the bottom of the main bag may be lined for a short distance 
with muslin. 

THE IMPROVED TRAWL. 

(Fig. 2, Plate 26.) 

The plate shows the general plan, not the details. 
Two wrought-iron runners are connected by two wrought-iron pipes 

or beams as shown, excepting that the ends of the beams fit into collars 
which are riveted to the runners. The several parts of the frame are rigidly 

. -- -. -. -_- - .- - .- . - - - ___ - 
Bee netting for dredges and traab, p&ge 164. 
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joined together, so that, when dragging, the ruimers move in parallel 
planes at right angles to the axes of the l~eams. An open-mouth netting 
bag, roped all round the mouth, and with the roping leaded at intervals, is 
laced along the rear ends of the. runners and strongly secured to the corre- 
sponding corners. This leaves two free bights or loops of roping, one of' 
which trails on the ground when the trawl is being dragged. The mouth 
of the bag should be made large enough to allow either loop that may be 
uppermost to hang as low as the beam wheli the trawl is lying flat. This 
and all other netting bags described herein are made from netting pur- 
chased in long lengths or bolts. The main bag is formed from a rectan- 
gular piece of netting cut from the bolt, the raw edges being joined in a 
seam to run lengthwise on the bag. The lower edge of the band, opposite 
the mouth, is then gathered and the folds, are seized together. A secoiid 
but shorter bag, called a trap, is fittedmeatly within the main bag at one- 
half or one-third the length of the main bag from the frame, formipg a 
pocket of considerable size for the reception and retention of' specimens, 
the only entraiice or exit being through a small hole in the bottom'of the 
trap so long as the bottom of the main bag is kept closed. . The netting 
around this trap-hole is either roped or bound with heavy wire, the latter 
being preferable, as a rope grommet often twists into a "figure-of-eight" in 
water. From the grommet or wire hoop, as may be, several long stops 
are passed to the seizing at the bottom of the main bag to protect the trap 
against reversion. The trap may be made from a triangular piece of netting. 

In order to prevent the uppermost side of' the main bag from falling 
and closing the entrance to the trap when dragging, a piece of rope some- 
what longer than the width of the main bag, and having corks strung upon 
it at intervals, is fastened by each end to the sides of the main bag, inside 
the latter. 

As thus described, and fitted with the bridle shown in Fig. 1, we 
have the trawl as improved on the first dredging cruise. Afterwards other 
improvements were adopted. I modified the bridle, making it as shown 
in Fig. 2. The new bridle is secured to the runners at the front beam 
by lashings passed through cut-splices in the rope; to the runners at  the 
rear beam by lashings taken around the rope, and to the seizing at the 
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end of the main bag by lashings taken through thimbles which are turned 
into eye-splices. The function of the new bridle is to bring up the trawl 
rear end foremost in the event of severe fouling on bottom, the tripping 
being brought about by the parting of the lashings. (Plates 27, 28.) 
Fouling with the trawl we found to be a very serious matter, as it was 
sometimes impossible to clear it when using the old style of bridle. 

As used on the second dredging cruise the mouth of the main bag was 
made larger; the roping was carried forward and made fast to the runners 
at each end of the front beam, giving a longer bight of the roping to trail 
on the ground than before; and toprevent the uppermost bight from fall- 
ing and closing the entrance to the bag a rectangular piece of netting was 
stretched between the two beams and laced to them along their whole 
length. The latter contrivance is also intended to guide certain specimens 
into the bag. These improvements are, I believe, by Professor Agassiz 
and Ensign G.  H. Peters. 

Professor Agassiz added a netting jacket inside of the main bag from 
the mouth of the trap downwards. The bottom of the jacket was lined 
with four feet of a smaller size of netting, and was closed bygathering the 
folds as in the case of the main bag. 

An idea which occurred independently to Professor Agassiz and my- 
self, but which was not put in practice, was to make the mouth of the 
main bag larger, and to reeve the roping through bull’s-eyes or thimbles at 
each of the rear corners of the runners. The strain on the dragging bight 
would then gather the slack of the uppermost bight through these fair- 
leaders, keeping it clear of the mouth of the bag and lengthening the drag- 
ging bight. It would involve some little trouble to adapt the roping to 
this movement in order that the netting might not be dragged through the 
fairleaders, and that the strain on the cornek of the runners caused by the 
pull of the dragging bight might not be multiplied. The following sug- 
gestion is offered for this purpose: A rope, of the same length and size as 
that used for the roping, to be rove through the fairleaders and made into 
a band; the roping of the bag to be seized to this band at short intervals, 
excepting for a certain distance near each fairleader, where it is to be left 
free to permit the traveling of the band through the fairleaders as required. 
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By a careful arrangement of the end seizings of the series, the traveling 
of the band might be stopped at such a poiiit and in such a manner as to 
avoid multiplying the strain at the corners of the frame. Toggles turned 
into the roping might also be used for the purpose. 

A comparison of Figs. 1 and 2, Plate 26, will show, without further 
explanation, the points of dif'ference between the improved trawl and the 
trawl that we first used. 

DIMENSIONS O F  STANDARD TRAWL FOR DEEP-SEA WORK, No. 1. 

Runners: Length ...................................................................... 
Depth ............................ __._: ..................................... 
Width ....................................................................... 
Thickness of metal.. ......................................................... 

Front pipe O r  beam: Length. ........................................................... 
Outside diameter .................................................. 
Thicknees of metal ................................................ 

Rear Pipe or beam: Length.. .......................................................... 
Outside diameter. ................................................. 
Thickneee of metal.. .................................... .:. ........ 

Collars on ends of beams : Length ..................................................... 
Thickness of me tal... ......................................... 
Diameter of bolt .............................................. 

Rope : Por pridle. .................................................. (hemp or manila). . 
Por roping . - ............................................... .(hemp or manila). . 

Main bag : Length ..................................................................... 
Siae of meeh ...................................................... (equare). . 
Stuff. .............................................................. (cotton) .. 

Trap : Merh.. ............................................................... (equare) .. 
stuff ................................................................. .(cotton)-. 

Jacket : Xesh .................. , ............................................ (square). . 
Stuff. ..................... _. ...................................... -.(cotton) .. 

Bottom llning : Mesh.. ....................................................... (square). . 
atufl.. ........... __, ..................................... -1. ..(cotton).. 

48 inches. 
30 incliee. 
3 inches. 
+ inch. 

10 feet. 
2& inches. 
7% inch. 

10 feet. 
2 inclies. 
& inch. 

2t. inches. 
i incli. 
3 incli. 

3 inches. 
2) inches. 
15 feet. 
1 inch. 
21 tlirend. 
4 iiich. 

15 tlirend. 
) iiich. 

16 tlirend. 
i inch. 

throad 

DIMEN8IONS O F  S-LL BUT HEAVY TRAWL FOR INSHORE WORK, No. 2. 

Runnerr: Length ...................................................................... SO inches. 
Depth ................ .: ...................................... :- ............ 14 inches. 
Width ...................................................................... 3 hcliee. 
Thickness of metal. .......................................................... + incli. 

Pront pipe or beam : Length. .......................................................... 8 feet. 
Outside diameter ................................................... 2 inolies. 
Thickness of metal. ................................................ Thick. 

Outside diameter If. inchee. 
Thickness of metal ................................................ Thick. 

Ropes and netting.. ...................................................... -._-.Same nR for lnrge trawl. 

DIMENSIONS O F  LIGHT TRAWL FOB DRAGGING RAPIDLY, No. 3. 
R-ers: Length ...................................................................... 48 inchee. 

Depth, at rear end 24 lnchee, tapering forward to .............................. inches. 
Width ...................................................................... 2 inches. 

Rear pipe or  beam: Length ............................................................ 8 feet. 
.................................................. 

18 

Thickness of metal. .......................................................... 4 inch. 



152 DEEP-SEA SOUNDING AND DREDGING. 

from which the tables of dimensions have been mainly compiled, I do not 
find the size of the beams of No. 3, so I have made them the same as those 
of the large trawl. 

The cost of the “Blake‘s’’ trawl-frames was from $17 to $20 each. 

WEIGHTING DREDGES AND TRAWLS ; TANGLES. 

When fitting out for each dredging cruise we purchased a number 
of cast-iron twelve-pound weights, which we used as sinking-weights for 
dredges and trawls. Although we were plentifully supplied with sounding- 
shot these lighter sinkers were found to be more generally useful-permit- 
ting a better distribution of weights. 

Our custom was to load the trawl with two twelve-pound weights on 
each runner and a sixty-pound sounding-shot at the elid of the inrein bag, 
as shown on Plate 27. . I t  is, perhaps, better and cheiiper to load the 
runners in this way than to make them heavier in the manufacture. In 
the lesser depths probably no extra weight would be needed. Another 
way of loading the bag of the trawl is to string two or three sounding-shot 
on a cheap form of sounding-rod trailing from the bottom seizing of the 
bag; the shot are detached on striking bottom. This insures a good 
descent, but is expensive. , 

The dredge was generally weighted with three twelve-pound sinkers 
suspended from the tangle-bar, which was of wood. Sometimes we would 
also lash a twelve-pound sinker transversely on each side of the mouth. 
We used awooden tangle-bar that it might break if badlyjammed between 
rocks. 

Four tangles were lashed to the tangle-bar of the dredge. These were 
simply large swabs of hemp rope-yarns. The length of the tangles should 
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PLATE 30. 
DEEP-SEA SOUNDING AND DREDGING. 

V I E W  O F  THE ‘‘ I~LAI<E’S’’ DECK LOOKING FORWARD F R O M  THE BOW OF ‘THE STARBOARD QUARTER-DOAT. 
READY FOR PAYING OUT THE DREDGE. 
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be less than that of the dredge, otherwise they may float. over the mouth 
of the dredge and foul while paying out. After being picked over, the 
tangles often remain matted with sponges, broken spines, &c. The best 
way to clear.thein is by towing them overboard. 

THE TANGLE-BAR DRAG. 

The use of this implement from the “Blake” was begun on the second 
dredging cruise, at the instance of Professor Agassiz. A yrought-iron 
plate six feet long, three in’ches wide, and half an inch thick, with the 
forward edge beveled, had fastened to it at intervals along the rear edge 
a number of tangles to be dragged along the bottom. At-each end and 
midway between on the front edge were eye-bolts for attaching the three 
legs of a bridle, and midway OQ the rear edge was another eye-bolt from 
which a sixty-pound sinker was dragged by a short length of rope. This 
drag was used with great success. I think twelve was tlie number.of 
tangles attached to a single bar. 

TOW-NETS OR DRAG-NETS. 

Those used by us on the first dredging cruise were brought on board 
by Professor Agassiz. They were composed of a bag of embroidery 
canvas, Swiss muslin, or some similar’stuff laced to a ring of brass wire 
one-fourth of an inch thick. To the ring was secured the three or four 
legs of a bridle to which the tow-line was bent. The nets may be of any 
dimensions desir’ed. Ours, which were only used near the surface, were 
about fifteen inches across the mouth. 

Professor Agassiz has sent me a diagram of’ a large drag-net used in 
deep water on the second dredging cruise. In this the niouth-ring was 
of three-fourths-inch wrought-iron and elliptical in shape, the diameters 
being five feet and three feet respectively. The bag was of netting one- 
fourth-inch square mesh, with a lining of muslin at  the bottom to form a 
pocket. Professor Agassiz reniarks that they should be moved through 
the water rapidly . * 

a 8ee foot-note, page 145. 
20 D S 



154 DEEP-SEA SOUNDING AND DREDGING. 

NETTING FOR DREDGES AND TRAWLS. 

The netting for the “Blake” was purchased from the American Net 
and Twine Company, 43 Commercial street, Boston. For the first cruise 
the main bags of trawls were regularly made in the manufacture, i. e., the 
round at the bottom was made by gradually decreasing the size of the 
meshes. For the second cruise, Professor Agassiz purchased the netting 
in lengths, and the bags were made on board as described heretofore. 
Our purchases of netting for this cruise were as follows: 

For main bag of trawl: web to hang 1,000 feet by twenty feet, mesh 
one inch square, twenty-one-thread cotton ; seven hundred and fifty-nine 
pounds, at forty-five cents per pound. 

For trap and jacket of trawl: web to hang 1,OOO feet by six feet, 
mesh one-half inch square, nine-thread cotton; two hundred and fourteen 
pounds, at seventy cents per pound. 

For bag and trap of dredge : web to hang sixty-seven feet by six feet, 
mesh one-quarter inch square, 2$ tarred cotton; fourteen pounds, at two 
dollars and fifty cents per pound. 

The term “web to hang” means when slightly stretched, as when 
attached to the roping of a seine. The meshes are measured either by the 
diagonal or by the length of one side. .Thus a mesh having each of its 
four sides one inch in length is called a two-inch mesh or one-inch square 
mesh. The latter term seems to be the plainer. 

Professor Agassia recommends changes in the above as follows, and these 
changes have been introduced into the tables of dimensions nlready given : 

For main bag of tiawl, web to hang fif’teen f ee t  instead o f  twenty feet .  
For trap and jacket of’ trawl, sfteen-thread cotton instead o f  nine-thread 

cotton. The dafwence in cost and weight is asfipf’teen to nine. 

TUBS AND SIEVES. 

The “Blake’s” supply of these appliances was very simple: a nest of 
sieves, from coarse to fine, and several tubs. The tubs were of thick wood, 
iron bound, and fitted with iron handles. They were about twenty-four 
inches high, twenty inches in diameter at the top, and somewhat less at 
the bottom. We found that these answered our purpose well for deep 
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VIEW OF T H E  "BLAKE'S" DECK, LOOKING AFT FROM T H E  STARBOARD SIDE OF T H E  PILOT HOUSE. READY FOR DREDGISG 

He?iofyj)e P r i n f i q  Co., 220 Dmmrshirc St., Boston 
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work, but in the work of the Fish Commission down only to a depth of two 
hundred fathoms, the hauls being more frequent and the specimens gen- 
erally less fragile, the special appliances shown in the appendix to this 
chapter are used with success. 

STEEL-WIRE DREDGE-ROPE. 

Our rope was made at Trenton, N. J., by the John A. Roebling’s Sons 
Company. It was one and one-eighth inches in ‘circumference, and was 
composed of six strands laid around a tarred hemp heart. Each of the 
six strands was composed of seven galvanized steel wires of No. 19 Ameri- 
can gauge .(No. 20 Birmingham gauge). The ultimate strength of the rope 
was &750 pounds,* weight per fathom 1.14 pounds in air, and approxi- 
mately one pound in sea-water; price, eight ceiits per foot. 

For the first dredging cruise it was supplied in 3,000-fathom lengths, 
each length wound upon a separate wooden reel. For the second cruise, 
the working reel already having 2,700 fathoms upon it, I had the rope 
supplied on wooden reels, each containing only five hundred fathoms, in 
which shape it was easier to handle in the event of having to replace losses 
at  sea. One wooden axle common to all these reels formed part of the outfit. 

The sho’rtest nip that we gave the rope was over the pulleys of the 
leading-blocks, the scores of which were eighteen inches in diameter, and 
this did not break up the zinc enough to give trouble from rusting. We 
used no preservative on the rope and had no need for it, but that recom- 
mended by the .Roeblings is raw linseed-oil applied with the fleecy side 
of a piece of sheepskin, or to the oil may be added equal parts of Spanish 
brown or lamp-black. To preserve wire rope kept under water they 
recommend a mixture of mineral or vegetable tar with fresh-slacked lime 
in the proportion of one barrel of the former to one bushel of the latter; 
the mixture to be well boiled and applied freely while’hot. 

At the works wire rope is reeled up under strong tension, and in reel- 
ing off for use it should be passed directly from one reel to the other under 
at least slight tension, and it never should be coiled down or faked by hand. 
When supplied in a coil, the coil should be rolled along like a wheel and 
the rope payed off in that way. to the working reel. 

Two lengths teated for strength in khk8 gave breaking strain8 88 follows : 4,410 pounde, 4,800 pound& 
APIUL, 1680. 
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For joining two lengths of the rope a “long-splice” should be made, 
at least twenty feet in length. To make an eye-splice at the end of the 
dredge-rope, turn the end of the rope around an oblong or heart-shaped 
thimble, and unlag each wire from the thimble to that end. Lay these wires 
as an untwisted strand along the rope and serve wires and rope together 
tightly with annealed-iron wire for a distance of eight or ten inches from 
the thimble. Cut off the free ends of the wires about thcee-quarters of an 
inch above the serving and turn down each wire neatly along the serving. 

The dredge, trawl, &e., should always be attached to the rope by a 
shackle. We at first used hooks which we moused wiih wire, but they 
always broke adrift, probably by bending.‘ Long shackles ‘should be 
selected, of a size to slip into the thimbles, and into the eyes in the arms 
of the dredge. 1 would call particular attention to this matter, hoping to 
prevent a resort to makeshifts. 

I .  

THE DREDGE-REEL. 

For dredging in depths no greater than five hundred fathoms, which 
would require the use of no more than 1,000 fathoms of rope on the work- 
ing reel, the latter might be made part of the hoisting-engine and be geared 
to the crank-shaft. The advantage would be in compactness and simplicity. 
For general work, the plan adopted for the “Blake” is probably better. 
When the reel takes the full strain on the rope in hauling back great 
strength is needed to resist the crushing force accumulated upon the drum, 
and to adapt a reel capable of holding four or five thousand fathoms of 
rope to this strain would involve an increase in its weight by no means 
desirable, either for paying out rope or for planting on a vessel’s deck, 

The “Blake’s” reel, which has held‘ 4,200 fathoms of the steel dredge- 
rope, is best shown on Plate 32. The drum or barrel is of boiler-iron, three 
feet six inches long, two feet in diameter, and riveted to fillets on the two 
cast-iron side-plates. The depth of the flanges, above the drum, is one 
foot. The side-plates are made with spokes, but would be better if solid. 
The friction-band is of wrought-iron, lined with maple one inch thick. 

The standards are of cast-iron and are higher than need be. They 
were designed when it was intended to wind the rope by means of the 
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T H E  FORWARD SIDE OF T H E  DREDGE REEL AND ITS ENGINE. THE REEL HAVING ON I T  2700 FATHOMS OF T H E  STEEL ROPE 
RECO3lhIENDED BY PROFESSOR ALEXANDER AGASSIZ. 
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harld-cranks. When a stearn-engine is used for winding, the reel should 
be set as low as possible for security against the rolling of the vessel. 
In designing standards for a reel it must be remembered that they should 
be adapted to withstand violent jerks. The axle of the “Blake’s” reel is 
of wrought-iron two and seven-eighths inches in diameter, reduced to two 
and five-eighths inches in the journal-boxes. The axle should have a 
bearing on both sides of each journal-box in order that the lateral strain 
may come upon both standards at  each roll of‘ the vessel. 

,The friction-lever is of the double-acting kind; that is, both ends of the 
friction strap or band are bolted to the lever, one on each side of the pivot. 

Neithe? the friction-score nor the bearing surface of the friction-band 
should be lubricated with oil. Water may be used, if necessary, to pre- 
vent the wood lining from taking fire, but it should be applied at intervals 
from the first, and not dashed on when the cast-iron reel is hot and likely 
to be cracked by a sudden change of temperature. 

The “Blake’s” reel cost $225, and was made by Messrs. Copeland 6c 
Bacon, of New York. 

THE STEAM HOISTING AND WINDING ENGIMES. 

(Plates 32, 33, and others.) 

The Ho(otin~-elrsilre.-There are two trunk cylinders, of the pattern 
known as Bacon’s patent (see Plate IS), each of ten and one-half‘ inches 
bore and ten inches stroke, firmly secured to the bed-plate\at an angle of 
45”, thereby avoiding a dead center, both being connected to the same 
crank-pin. The engine is provided with “link-motion” so that it may be 
run forward or backward or ,topped instantaneously by the operation of 
the reversing lever, which is fitted to lock in three positions. By its elastic 
flexure the lever in locking is thrown i.nto jogs cut in the flange of the 
standard against which it presses. The after lever, working in a vertical 
plane, as shown on the plates, is the reversing lever. 

The crank-shaft is single-geared to the shaft of the winch-head by 
strong spur-geariiig in the proportion of three to one. The winch-head, 
which is 22.66 inches in its least diameter-to accommodate one fathom of 
the I&-inch dredge-rope in a single turn-is keyed to its shaft, the latter 
working within the larger gear-wheel. The winch-head shaft is fitted 
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with a clutch working on a feather and operated by a lever moving in a 
horizontal plane. This lever may be locked in position by means of a 
thumb-screw. The winch-head may thus be thrown into gear with the 
engine, or it may be thrown out of gear and overhauled independently of 
the engine. The winch-head is provided with a powerful friction-brake, 
operated by a lever. On Plate 33 this lever is shown thrown up, in which 
position it is locked or latched in a jog cut in the flange of the forward 
standard, the friction-band being out of contact. One end of the band sets 
up with a screw and nut to a lug cast on the standard. The other end of 
the band is fastened by a pin to an arm projecting from the shpft to which 
the lever is keyed, the arrangement forming a toggle-joint, by means of 
which the lever is automatically locked when thrown down to its lowest 
position-that is, when the greatest stress is upon the band. The ultimate 
stress may be regulated by the screw and nut at  the standing end of the 
band. This provision is necessary because the wood lining of the band 
will slowly wear away in use. 

Below the brake-lever is the throttle, the wheel of which is made 
la*rge that it may be turned easily and delicately with the left hand'when 
the right hand is engaged with the brake-lever. 

On the hub 'of the winch-head is a steel worm to engage the gears of 
a register like that shown on Plate 38. The register .gives, approximately, 
the number of fathoms of dredge-rope payed out. 

On the after end of the crank-shaft, outside of the fly-wheel, is a small 
winch-head for general use. The crank-shaft is forged in one piece, and 
both this and the winch-head shaft are of the best wrought-iron. The 
journal-boxes, connecting-rod boxes, and link-blocks are of composition 
metal. All pins for valve-motion are of steel, and all parts of the engine 
are made extra strong tb withstand violent shocks. 

The engine may be run fast or slow according to the work to be done, 
and under the complete control of one man. 

The pressure of steam is usually sixty pounds. The exhaust leads 
into the condenser of the main engine. 

The cost of the hoisting-engine, fitted in place and in running order, 
was $1,160, 



VIEW OF T H E  MAIN HOISTING ENGINE FRQX T H E  STARBOARD SIDE. 

Kdiofvpr Printinn Co., z m  Dewonshiv& Sf.. Bosrton. 
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~ ~ t e  Wtndina-enaine.-ThiS is of the same general description as the 
It has two six-inch cylinders and is single-geared to 

It is fitted with reversing and clutch levers 
Engine and reel are under the control 

hoisting-engine. 
the axle of the dredge-reel. 
arranged for locking in po5ition. 
of one man. 

The cost, placed on board and in running order, was $485. 

THE SWINGING BOOM. 

This is so clearly shown by the heliotype views that an extended 
explanation of details is not needed. It was forty-seven feet long and 
fourteen inches in its greatest diameter. The metal fittings and fasten- 
ings were of wrought-iron. Th6 topping-lift was of three-inch manila, 
rove through iron-strapped blocks made extra strong. The pendant was 
of 43-inch manila. The small block a t  the boom-end was of a well-known 
commercial pattern, extra fastened under my direction. The pendants of 
the guys were of two-inch iron-wire rope, and the falls for the same of 
23-inch manila. 

THE ACCUMULATOR OR DYNAMOMETER. 

(Fig. 3, Plate 34.) 

The accumulator for dredging is made of a number of rubber buffers, 
A, A, &c., arranged for compression on a rod, B. The buffers are separated 
from each other and from the rod B by the guide-plates C, C, &c. The 
upper end of the accumulator being secured at D, and a strain applied to 
the lower end at E, the compression of the buffers will permit the cross- 
head F to travel along the rod B, and the rods G G to travel through the 
guide-plate H and the cross-head I. In this,manner the accumulator 
elongates under strain, and when released from strain it is restored to its 
former length by the elastic force of the buffers. 

The buffers are three inches deep, four and a half inches wide, and 
have a cylindrical hole through them of one and a quarter inches diameter. 
They were purchased of the New York Rubber Belting Company, of Park 
Row, New York, at  a cost of about $2 each. The material of which they 
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are composed is known by that company as compound No. 24, the con- 
stituents of.which'are as follows: 

Ten pounds fine Para rubber, cleaned. 
One pound white lead. 
One pound litharge. 
One pound whiting. 
Ten ounces sulphur-about. 
Vulcanizing heat, about 260" Fahrenheit. 
The rods B and G, G, the nuts, the cross-heads F and I, and the large 

guide-plate's are of steel; the guide-plates C, C, C, &e., are of brass; all 
other metal parts are of wrought-iron. 

The guide-plates C,, C, C, &c., are one-eighth inch thick throughout 
the flanges. Their hubs are made to fit loose on the rod B, but tight 
within the buffers. 

The edges of the metal around all holes in the guide-plates and cross- 
heads should be slightly beveled to obviate friction and planing. 

The rod B accommodates thirty-two buffers without compression, but 
seven more are forced on that the accumulator may not extend for light 
strain. Neither an accumulator nor a dynamometer is of use excepting 
for a severe strain. Plates 13 and 14 show the accumulator lowered into 
view: Plates 1 and 24 show it in its proper place, suspended from the 
mast-head. It is very elastic, and seems to have answered the purpose 
for which it was intended. %Its maximum extension is about six feet. If I 
were to suggest any improvement at  present occurring to my mind, it would 
be to make the buffers of a compound which would offer a greater resist- 
ance to compression. 

The total cost of the apparatus was about $130. 
The only really novel feature given by rne to this accumulator is the 

peculiar shape of the brass guide-plates C, C, C, kc., the hubs or fillets of 
which keep the buffers from coming in contact with the rod B when the 
buffers are compressed. 

If fears were entertained of the accumulator giving way in use, a 
toggle might be put in the pendant somewhere above the heel of the 
boom. 
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THE IRON SNATCH-BLOCKS. 

(Figs. 1 and 2, Plate 34.) 

These are the blocks through which the dredge-rope leads. The pins 
or bolts A, B, C should be of steel, the sheave D of cast-iron, the side-plates 
E, E of thin plate-iron, and the flap or hook F and the straps G and I of 
wrought-iron. In the deck-blocks the side-plates are free to revolve, but 
on the pendant-block at the boom end they are pinned to the strap G, and 
are connected by socket-bolts at the points X, X, X. The socket-bolts are 
to prevent the dredge-rope from getting between the side-plates and the 
strap G. In setting up the socket-bolts care should be taken not to 'bind 
the side-plates against the sheave. The dimensions given on Plate 34 are 
those.of the deck-blocks; the pendant-block has a sheave one inch wider. 
Plate 31 gives a view of the deck-blocks. 

21 I) 8 
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APPENDIX TO CHAPTER V. 

DFSCRIPTION O F  SOME O F  THE APPARATUS USED BY THE UNITED STATES COMMISSION O F  
FISH AND FISHERIES IN DREDGING O F F  THE! NEW ENGLAND COAST. 

BY PROW. A. E. VERRIU. 

THE RAKE-DREDGE. 

This instrument was devised in 1871, by the writor, for the Rpecial purpose of 
obtaining deep-burrowing species of bivalves, annelids, holothurians, crustacea, $c. 
It can be used only on muddy or saudy bottoms, and, of cousse, requires considerable 
force to draw it through compact mud or sand. In ita original form, which is still in 
use, it consists of a strong A-shaped framo, made of f la t  bar-iron, and so bolted together 
that it om be folded up compactly when not in use or for convenience in transportation, 
The rakes consist of two flat bars of iron, furnished with stroug iron toeth (steel would 
perhaps bo better), about a foot in length, with thin, sharp edge8 and sharp point. The 
two rake-bars, when in use, are placed back to back and bolted to  the ends of the side- 
piecos of the A-shaped frame. The cross-bar of the A projects beyoud the side-pieces, 
nnd has a hole a t  each end, by which the arms of the dredge-fkame are attached, so 
that the dredge follows tho rake at  a distance of about two feet. The dredge-frame 
for this iristrument is made entirely of round iron, and as light aa is consistent with 
the stiffness necessary to support the bag full% of mud when being hoisted on deck. 
The length of the frame should be equal to, or somewhat exceed, that of the rake-bars. 
In the one now used by the Commission it was originally considerably larger, but 
owing to the too great weight of the load of mud it, brought up, it has been made 
smaller, so that it is now of about the same length as the rake-brtrs. The net is similar 
to that of the coxrimon dredge, but deeper aud with somewhat larger meshes, in order 
that a part of the mud may pass through more rapidly. The vast quantity of annelid 
tubes ofton encountered in using tho rake-dredge froquontly clogs the not so aa to pro- 
vent, oven the fine mud from passing through the meshes. As this form of dradgo can 
only be used on smooth bottoms, there is not so much need of a canTas protection as 
in the case of the common dredge, and me have often dispeued with it, but the net 
mill doubtless last longer if protected with tho canvaa bag. 

The dimensions of the.rake.dredge used by the Fish Commission are as follows : 
Inchus. 

Bide-pieoee of the A-shaped frame : Length.. ................................................... SO 
Width ...................................................... 2 

.............................................. ThlOkneeE.. Q 
Hole for ring.. ............................................... Q 
BoltE Q ....................................................... 

lG3 
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Inchen. 
Crosr-bar: Length _ _ _ _  . -._____._ ._.. .___ _ _ _ _ _ .  .__. ___. ._____...... ._.___.____. .____ ____..___. 42 

Width. . . - - . -. . . - - -. . . . - -. . - - -. . - - -. . . . - - -. . 
Thickness -. -. - - -. .. . . - - - -. - - - _ _  - .___ ___. _. -. . - - 

-. . ~ ~ : ~ ~ -. . -. . . - -. . . -. . -. . . 24 
Q 

24 
Q 

1 i  
# 

34 
0 

-. . -. __. . ~ ~ . . -. ___. . -. ._ -. 
Rake-bars (d) :  Length _ _ _ _  _ _ _  - _ _ _ _ _ .  - _____. . . _ _  ._ 

Width. - - - -. - - - - . - - - -. . -. - - - - . - - . 
Thickness . -. -. . . . . - -. . - . . -. . - - - -. 
Width. - -. . . -. 
Thickness - - - - - - . -. - -. . - - - -. . . - - -. 

Ring for drag-rope : Diameter - 
Size of iron. .. - - .__. __._ 

Dredge-frame (a): Length _._...___.. .__.._ . _ _ _ _ _  38 
Breadth . -. - - -. - -. . . - - -. . . -. . 7 
Length of arms _ _ _ _ _  __. ._____ 20 
Size of iron (round). . - - - -. . - ~. 

48 

36 

Teeth of rake: Length . .____. .__. .___.. .__. .... 8 
. . -. . - -. . -. . . -. . -. - 
- -. . . - -. . - - - -. - -. . 

+ 
Depth of net (a). - - -. . . -. - _. . . . - -. - ~. ~ -. . . . . . - - - - 

These dimensions might be improved by 
making the teeth ten inches long, and at  least 
one-half inch thick if of soft iron, and they might 
have a slight forward curvature. The head pass- 
ing through the bar should be square, and about 
three-fourths of an inch thick. .They might be 
fewer and farther apart without detrirnen t s a y ,  
five teeth on a bar three feet long, leaying the 
spaces about six inches each. The use of steel 
of low temper mould be better still. The round 
iron for the dredge-frame'should be at least 0ve- 
eighths of an inch in diameter for the size of net 
given. 

THE TANGLES. 

The original form of tangles constructed by 
thewriterfor theunited States Fish Commission, 
in 1871, consisted of a bar of iron to which several 
Rmdl iron cliainswereattached,each about fifteen 
feet in length. Along these chains, at intervals 
of about three feet, tbe bundles of unraveled 
hemp rope were attached, as shown in the figure. 

The bar of iron carrying the chains was attached to the cross-bar of the A-shaped 
frame forming part of the rake-dredge, the rake-barg being removed. In 1873 a fur- 
ther improvement was made by the writer. This consisted in supporting each end of 
the chaiu-bar in the center of a stout iron hoop or wheel by bolting it to a central 
cross-bar firmly bolted to the inner side of the wheel. The wheel8 are not intended to 
revolve, but merely to serve as runners and supports for the iron bar, in order to keep 
it off the bottom and diminish the chances of its getting caught among the rocks, as 
well as to keep it froin breaking and destroying the epecimons before the tangles them- 
selves can touch them. An oval or elliptical form for these runners would answer the 

H.--THE RAKE DREDGE. 
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same purpose, but the circular form was adopted as the simplest, and, perhaps, the 
least liable to become caught among the rocks. Iu 
practice we have found the tangle-frame hitherto 
used too Iight for use on the larger vessel now em- 
ployed, for when rocks are encountered the chain- 
bar often comes up badly bent. In construct.ing 
new ones, I should recommend a round or square 
bar of iron at lea,st twice as heavy as the one me 
have hitherto used. Our present size was first 
devised for use on a steam-launch. It was also 
used on the “Bluelight,” a tug of eighty tons, with 
good success. We have used tangles of this form 
with pro5t on the roughest cod-flshing ledges off 
the coasts of Maine and Massachusetts, where the 
dredge could not be used with safety. It is par- 
ticularly usefil in capturing star.fishes and sea- 
urchins, which frequent rocky bottoms. Several 
years ago the writer suggetjbd the use of tangles 
of this or similar form to capture star-fishes 011 

oyster-beds, where t,hey so often prove very de- 
structive. 

L-TEE TANGLE-BAR. 

DIMENsIONB OF TANQLW. 

Diameter of wheels outside .................................................. 
Breadth of rim of wheels .................................................... 
Thickness of rlm of wheels.. ............................................ 
Width of cross-bar of wheels ................................................ 
Thickness of cross-bar of wheels ........................................... 
Length of chaln-bar ........................................................ 
Width of chain-bar. .... -:. ................................................. 
Thickness of ohaln-bar. .................................................... 
Blse of rings for drag-rope .................................................. 
Bise of iron of ring8 ........................................................ 
Bise of iron of chalne ...................................................... 
Length of iron chaine... .................................................... 
Length of hemp. tangles.. ................................................... 

P r e s e n t  ! Improvod  
form. I design. 

12 inches., I 

2 inches., 
#inch. 

48 inches. i 
a inahea. 
finch. I 

3 inches. 
$inch. I 

inch. 
14 ‘feet. 

24 feet. 

14 inches. 
24 inches. 
f inch. 

a t  inches. 
# inch. 

60 inches. 
a t  inches. 
1 inch. 
4 inches. 

# inch. 
inch. 

16 feet. 
S feet. 

The drag-rope for the trtugles should be very strong, to resist the frequent and 
andden strains when using them on rough bottoms. 
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THE CHECK-STOP. 

This arrangement w1b8 devised by Capt. L. A. Beardslee, for use on board the 
“Bluelight,” in 1873. Its purpose is to put the strain of the drag-rope (B) npon a 

weaker rope (C), which may be EO easily 
broken in caw the dredge or trawl catches 
upon rocks a8 not to cause damage to the 
apparatus, and at the same time to give 
sufficient warning to allow the slack of the 
drag-rope to be payed out before the head- 
way of the vessel can be stopped. It has 
proved to be a very useful and simple 
expedient for these purposes. The figure 
shows the arrangement EO well that no fur- 
ther description is necessary. 

A .  

THE CRADLESIEVE. 

This form of sieve was devised by the 
writer in 1872. I t  was so constructed a8 to 
aflord the means of rapidly mashing out ‘- the large quantities of mud often brought 
up by the dredge and rake-dredge, and at  
the same time to keep the mud and water 
off the deck as much as possible. 

It consists of two wooden end-pieces, 
in shape forming rather more than half a 
circle, united by two narrow wooden side- 
pieces set into the end-pieces so as to leave 

a flush suhace. The outside covering consists of two thicknesses of wire netting, the 
inner one with meshes of one-twelfth inch or less; the outer one of stout galvanized- 
iron wire with one-half-inch meshes. The outer netting is-only to afford support and 

protection to the inner one. The netting 
is nailed to the edges of the wooden end- 
pieces and to the side-pieces, and is further 
secured by a strip of hoop-iron nailed over 
the edges all around. A strip of wood, 
nailed across the bottom from end to end, 
aflords additional strength and protection 
from injury. Two stout iron straps, fasteued 
across each end-piece by wood Bcrews, and 
terminating above the edge in a ring, fur- 

nish the m a n s  of suspending this sieve against the side of the vessel outside the rail. 
The mud is then placed in it, often fllling it more than half full, and a gentle stream of 
water from the form-pump k turned upon it. In  this way several bushels of mud may 
be washed out in a few minutes with little trouble. Another sieve, with straight 
wooden eides about six or eeven inches high-just large euongh to set partially into the 

K.-”EE CRADLE-BIEVE. 
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frame of the cradle-sieve and rest upon wooden cleats, provided for that purpose-hrts 
been sometimes used in connection with the cradle-sieve. Its bottom is made of strong 
galvanized-wire netting, with meshes of one-half inch. It serve8 to separate the 
coarser specimeus and stones from the smaller and more delicate species. 

In our o m  work the table-sieve described below has, to a considerable extent, 
superseded the cradle-sieve. The latter is still used, however, when there is only B 
moderate quantity of mud or when the table-sieve is already full of specimens. 

DIMENSIONS OF ORADLE-SIEVE. 
hiches. 

Length ........................................................................................ 36 
Breadth ...................................................................................... 18 
Depth. ......................... :. ............................................................ 12 

Thicknese of elde-pieces and ends.. ............................. i ............................... 1 
.......................................................................... Width of eide-piecee.. 3+ 

THE TABLE-SIEVE. 

This piece of apparatus is the result of aeverd successire improvements. In 
fundamental principle it is like A 

the cradle-sieve much enlarged 
and raised on legs, but the form 
is eutirely different. 

The sieve-foundation con- 
sists of a large, rectrtngulrtr, 
wooden frame (C, Fig. L), with 
wide side-pieces made of inch 
boards, supported on stout legs 
at  a convenient height. The bot- 
tom of this frame consists of stout 
galvanized-wire netting with one- 
half-inch or three-fourths-inch 
meshes. Below this is a funnel- 
shaped stout canvas bag (s), 
which terminates in B large can- 
vas tube (1). This serves to con- 
duct the waste water to the scup- 

0 

pers. A light frame of wood (B) U 
L.-TrfR TABLESIEVE is made to flt loosely inside of the 

main frame, and its under surface is covered with fine wire netting of one-twelfth-inoh 
meshes. This constitutes the real bottom of the sieve, the comm netting below serv- 
ing only as a support for it. It is fastened to a movable frame, BO that i t  can be taken 
out and its contents emptied upon the aasorting-table. This also allows the wire net- 
ting to be more easily renewed when it becomes worn. The upper or coarse sieve (A) 
is made with wide, flaring, or hopper-shaped, Tvooden sides, upon which, at about the 
middle, there are cleats (e, e) t,hat rest upon the edges of the main frame. The bottom 
of the “hopper ” is formod of stroug galvanized-wire netting of three-fourths-inch 
rnoslies (Fig. M, b, 6). 
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DINENSIONS OF TABLE-SIEVE. 
Inches. 

Main frame : Relght to upper edge.. ........................................................... SO 
Length.. .......................................................................... 66 
Breadth.. ........................................................................ 3t3 

Thickness Of IIide-pleCbS .......................................................... 1 
Hopper-irame : Width of side-pieces. ................................................ .- ......... 13 

Length at bottom. ........................................................... 56 
Length at top.. .. -+. .......................................................... 66 
Breadth at bottom ............................................................. 27 

Wldth of slde-pleces ............................................................... 11 

Breadth at top.. ................................................................ 37 

This form of sieve, in its primary form, was invented.by Capt. H. C. Chester and 
the writer in 1877, but it wrts soon afterwards much 
improved by the addition of the canvas bag and pipe 
beneath it, which were devised by Mr. Smith, the execu- 
tive offlcer of the Speedwoll.” 

’ The original use of this sieve was to receive tho 
1 contenta of the trawl, instead of emptying it on deck, 

(18 had been done previously; but its advantages were 
. soon found to be 80 great that it hrts also been used for 

washing the contents of the dredge whenever the quen- 
tity of mud wm considerable. The legs are made of 

unequal lengths, to correspond with the.curvature of the deck. 
M.-Tm TABLE-SIEVR. 



CHA.PTER V I .  

NAVIQATION AND XECORDS. 

DEVISING A SYSTEMATIC RECORD. 

Until the records of the “Blake’s’’ work were systematized in the man- 
ner to be described in this chapter, deep-sea parties of the Coast Survey had 
not been required to render to the office a detailed record of navigation; the 
work having been more or less desultory, there had been no general con- 
formance to a fixed system of record analogous to that demanded of igshore 
parties, and the results of the navigator’s observations and computations for 
determining positions had usually been accepted as correct. On joining the 
vessel I was the bearer of instructions from the Superintendent to my pre- 
decessor in command to subniit to the office, with other records, thedata used 
by the navigator in fixing the positions of soundings. While Commander 
Howell was stiil in charge forms for computation, containing the arrange- 
ment of data shown below the headings of Forms 7,11, and 12,were drawn 
up by Robert G. Peck, Master, one of the watch officers of the “Blake,” and 
were approved by the commanding officer. ’ The system of navigation record, 
as set forth herein, was then gradually developed during my first and second 
seasons in the Gulf of Mexico, some preliminary points having been dis- 
cussed before Commander Howell left the vessel. In the astronomical meth- 
ods employed to determine positions we made no advance; it was only in 
combining in a comprehensive system the work of navigation, plotting, and 
record, i o  admit of a revision of the whole navigating work at ariy future 
time, that we afterwards made any improvement in the department of navi- 
gation. From the inipetus and scope given to the work by the adoption of 
wire for sounding purposes it followed, not unnaturally, that the arrange- 
ment of the General Record Form (Form 3), i. e., the record of soundings, 

22 D S 169 
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temperatures, &c., needed to be changed, and as additional forms became 
necessary we from time to time drew up and introduced all others shown 
in this book. Our efforts in this direction were, in the main, simply res- 
ponsive to the new requirements. 

Merely to plot a ship’s positions for the times of observation is easily 
done by a navigator, but when the position of every sounding and of every 
change of the course must also be plotted, and all the processes clearly 
explained and subnaifted to fhe judgment o f  others, the work becomes compli- 
cated, and inevitably suggests the necessity for system to a person plotting 
in a maze of right lines, and surrounded, perhaps, by sixty, eighty, or one 
hundred Navigation Forms and other papers. While my written description 
is undoubtedly very dry reading, the system itself is nevertheless so simple 
that with the opportunity for verbal explanation it was only the work of a 
few hours to qualify a new officer reporting for assignment as executive 
and navigator. 

WHA? CONSTITUTED THE RECOkD. 

On fitting out for each season the party wits provided by the office with 
one or more Projections or Sounding-Sheets (Fig. 2, Plate 35) coverhg the 
whole ground to be worked over. They were on a scale of either Mo~ooo or 
A, and on them were located all the prominent landmarks likely’to be 
needed for beginning or closing the inshore ends of lines of soundings. 
The various forms used in our work were also provided as required. 

The record of the work consisted of the following: 
F o r  twe CofC6t 8cca-vev omce.-The General Record, Form 3, and, the Sup- 

plementary Record, Form 4, with which were bound in one volume the 
following: List of officers of the vessel, copy of the Superintendent.’s letters 
of instruction, diary of events, special tabulated statements, deviation 
tables, description of apparatus and methods, &e. 

The Navigation Record, Forms 6 to 12, bound in one or more volumes, 
and showing the data and methods employed in fixing the positions on the 
lines of soundings and in determining chronometer errdrs. 

The Sounding-Sheets, represented herein by Fig. 2, Plate 36, contain- 
ing, besides the plotted work, tabulated statistical statements of the amount 
of work done during each season. 
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Temperature Curves or Sections, Form 15. 
F O ~ .  the ArclrCvee of tRe veeeea.-The original, or rough sheets, of every- 

thing sent to the office, excepting the Sounding-Sheet, of which a tracing 
was kept. 

The Sounding Time Book, Form 1. 
The Serial Temperature Book, Form 2. 
The Plotting Form, Form 13 (B). 
The Plotting-Tracing, Fig. 1, Plate 35. 
The Rough Book of Observations, Form 5. 

EXPLANATION OF RECORD FORMS. 

For an  explanation of our system, it is well to describe the record-in 
all the essential points-of some particular line of soundings, and I have 
selected for this purpose the record of a part of line S ]  of 1875-'76, in the 
Gulf of Mexico, carrying it through one day only. As this line was run 
from South Pass, Mississippi River, to the Yucatan Bank, nearly on the 
meridianJof 89", to continue 'the record along the whole line would be sim- 
ply to repeat the first day so far as the purpose in view is concerned. 

As a preparatory measure an explanation of some features of the 
forins will be given. 

The aenerat Record, Formi 8.l-Columns A, B, c S h O W  the time when 
the sinker reached bottom, which is regarded as the tihe of the sounding, 
and that on which the positioii of the sounding should be based. 

Column D shows the serial number 0; the sounding, to which number 
are referred all the specimens takeii-at the cast. At sounding No. 10, for 
example, we obtained and saved for exainination a bottom-soil specimen 
and six water specimens, all of which received the number 10, on the bot- 
tle labels. In referring any specimen to its corresponding sounding on 
the General Record, the serial number on the label would show beyond 
question-and without reference to the latitude b i d  longitude-at which 
sounding the specimen was secured, even had two OT iiiore successive 
souiidiiigs shown equal depths. 

Columns E, F, G, H are arranged to give continuity to the data 
Sec bottle labels on page 90. 
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required by the draughtsman at the office in plotting soundings on the 
office sheets; that is, the data for chart-making. 

Columns I and J show the corrected water temperatures (the readings 
of the instruments and the corrections to be applied are kept on Form 2, 
page 104). These columns are not filled by the recorder during the work 
on deck, but the entries are made afterwards when the instrumental errors 
have been applied. 

Column K shows the temperature of the water specimen at the instant 
of reading the density from the areometer in order that the density of 
each specimen may be reduced for a common temperature. The depth 
whence the specimen came is referred to the column of depths under the 
head of “water temperatures.” 

Columns L, M, N, 0.-A comparison of these columns gives the whole 
time occupied at a sounding station, which i t  is well to know for various 
reasons, and gives also the figures for Columns P and Q. 

Columns P and Q show the time taken to make the run from the pre- 
ceding sounding or change of the course, and are of use, in connection with 
column T,in giving the officer of the deck an idea of the time required‘to run 
the distance from the station last occupied to the one next in order. For 
example: Master M. F. Wright relieved the deck at 4 a. m., May 10, and, 
seeing that it had taken.the vessel, in Lieut. W. 0. Sharrer’s watch, 1’’ 10” 
to make 9.7 miles, from sounding No. 4 to sounding No. 5,  it appears th.at 
he allowed lh 12” from sounding No. 6 to sounding No. 6, hoping in that 
time to make the exact sounding-interval of ten miles. 

Column R shows at each sounding or change of the course the vessel’s 
course by the standard compass from the preceding sounding or change of 
the course, and is the column to be filled by the officer of the deck, leaving 
the corrections to be applied afterwards by the navigator. 

Column S shows the reading of the patent-log at each sounding and at 
each change of the course. 

Surface currents recorded on the General Record do not necessarily 
apply to the plotting; each is obviously only the true current at one obser- 
vation spot and for one short interval of time. 

It will be seen that the arrangement of the General Record Form is 
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designed to give, so far as space will permit, a general grouping of the data 
needed for scieiitihc investigation on one page and that for the navigating 
purposes of the vessel on the other. 

statistics of lines of soundings, in preparing detailed reports of operations, 
and for general reference. It shows what instruments and appliances 
were employed, and if their working was satisfactory. The categorical 
style of the headings of some of the columns was suggested by experience, 
and after its adoption we were free from ambiguities of expression, such 
as “bottom saved,” “got bottom,” “bottom specimen,” and the like, which 
left one in doubt as to whether a specimen of the bottom had been mued 
for examination in every case or only in certain instances. 

Column F of the General Record points out, by the absence of abbre- 
viations or by special statement, if no specimen was brought to the surface. 

The B O U ~  BOOIS OP Ob8e?~UtfO?% ~os*na  5.-Books containing fifty leaves, 
having these forms printed on each page, were bound in suitable style for 
the pocket, and the navigators used them in all astronomical observing. 
It was the custom of the “Blake’s” navigators to take one or more observa- 
tions at each sounding during the day and frequently between soundings 
also, while at twilight, both morning and evening, they continued to get 
them as long as the twilight gave a bright star above a distinct horizon. 
The intention was not, necessarily, to compute all, but to have them avail- 
able should those which were computed fail to give good results, 

With Forni 5 is given the label for the cover of the Rough Book of 
Observations. 

Tim Nrt-igrtiorc ~ o s m e ,  x.w.trto a, Y, 12, and z*.-These are the only forms 
used on board the “Blake” for the computation of astronomical observa- 
tions, and, with the remarks written upon them, they constitute the whole 
navigation record sent to the office, excepting the data contained on the 
General Record Form. 

Form 6 is for computing chronometer errors by Equal Altitudes, for 
recording positions by bearings, and for all computations for which the 
arrangement of Forins 7, 11, and 12 is not adapted. 

Sumner’s Method by Moon, Planet, or Star may be worked on Forni 

The Buppternentezry ~ e c o r d ,  Form 4.-This is of use in making up the 
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7 ;  Sumner’s Method by the Sun on Form 11; and the Meridian Altitude 
of Sun, Moon, Planet or Star on Form 12. 

The occasion was very rare that required the use of Form 6 when 
working on our lines. Forms 7, 11, and 12 were e’mployed almost exclu- 
sively, full advantage being taken of the comprehensive scope of Sumner’s 
Method. 

 he motting Pomn, porn& 18 (A and B).-This is not indispensable, but 
its use systematizes the work of plotting and thereby very much lessens 
the probability of making errors. It was regarded by us as a great con- 
venience, and its use will become apparent when the plotting of the work 
is explained. 

SCHEME OF NAVIGATION RECORD. 

When at work on a line of soundings the navigators arrange the com- 
puted observations in order of time, for convenience of reference. After the 
arrival of the vessel in port, and when the chronometer errors have been 
ascertained, the chronometer rates are worked back for each day on the line. 
Then each observation, beginning with the first of the series, undergoes a 
verification by the assistant navigator, the new chronometer ratei being 
introduced. The executive officer, who is also the navigator, beginning 
with the line first run, and keeping each line distinct, selects such observa- 
tions as are deemed worthy of consideration, and, still preserving the order 
of time, numbers them in a regular series by numeral Letters as they come 
from the assistant navigator. After a few observations have been verified 
the navigator begins the plotting, and the work of verification and plotting 
go on together, usually keeping pace with each other. 

After the plotting has been completed the accepted observations-those 
not rejected as the plotting advances-are renumbered in a new series by 
order of time, and are designated by the numeraZJigures. The rough copies 
of the Navigation Forms retain the symbols of the first numbering, and 
receive also those of the second series, but the smooth copies sent to the 
office bear only the numeral figures-that is, the revised numbers. Thus 
we have the selected observations numbered in two series, one series 
embracing all that were selected and,considered, and the other series only 
those that were finally accepted in the plotting. 
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The utility of numbering in a series all the observations to be con- 
sidered is, I think, apparent, and it is probably equally clear that a renum- 
bering or a rearrangement of the accepted observations in a second series 
is necessary in order to restore the continuity of a first series that has been 
broken by the rejection of some of its component parts. Since an obser- 
vation may have a different number in the second series from that which it 
had in the first, to escape confusion a distinct notation or symbolization 
must be adopted for each series; hence the employment of both numeral 
letters and numeral figures. Throughout the Navigation Record no other 
use is made of the Roman numerals than that already specified. 

Each line of soundings of any season is designated by a tetter accord- 
ing to alphabetical order and order of time, and all specimeiis, soundings, 
stations, observations7 positions, &c., on a line are referred to the line tetter. 
On the Navigation Forms the various positions established by astronomical 
observations or by bearings of objects on shore are also marked serially in 
order of time, and on the Sounding-Sheet are designated by symbols such 
as SI, S,, Ss, &c., for line S. The use of the symbols will be appreciated 
when it is called to mind that upon the Sounding-Sheet may be plotted 
many intersecting lines of soundings, each line exhibiting a number of 
Definite Positions obtained by observation. On board the “Blake” a 
person would be readily understood were he to say that Sounding 13, 
on Line S of 1875-’76, was taken at Position 10, or SI,, determined by 
Observations 8, 9, and 10. 

HOW TO KEEP THE PLOTTING FORM; ITS USE. 

In plotting a line of deep-sea soundings, as in plotting an inshore line, 
the line itself is first laid down by fixing and connecting the successive 
positions obtained by observation, after which the soundings are located 
on the line as thus laid down. 

It is very confusing in plotting to be obliged to refer, forward and back. 
repeatedly to the General Record and the many Navigation Forms, on 
which there is avast  deal of data of no use in plotting; but with the Plot- 
ting Form this necessity is obviated, for 011 the latter, by a preliminary 
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operation, all the necessary data, and no more, are arranged and combined 
in such a way as to facilitate subsequent selection and comparison. Form 
13 A shows the Plotting Form fully prepared for beginning the plotting 
of line S, while Form 13 B shows its condition when the plotting has been 
completed. 

All the bearings, angles, and astronomical observations to be considered 
in plotting the work are arranged on the Plotting Form (Form 13 A) in 
order of time; the observations are numbered in Roman numerals in a 
regular series, and the data for laying down the lines of position, together 
with the courses and distances that have been made to each observation or 
change of the course from the preceding observation or change of the 
course, are correctly placed in their appropriate columns. A change of the 
course, when there is  no corresponding observation, is designated by the 
letters C, C in the “object” column. and to secure a proper spacing it should 
be entered as soon as its place has been reached, and not after all the data 
from the various Navigation Forms have been first entered throughout the 
whole Plotting Form. 

The courses and distances are obtained by an inspection of the “cou~se~’  
and “patent-log” columns of the General Record Form in comparison with 
the patent-log readings on the Navigation Forms. Confusion may arise 
herein if it be not borne in mind that the courses and distances are arranged 
on the General Record in their relation to the soufidings, while on the Plot- 
ting Form they are arranged in their relation to the observations. 

As an example of a case in which a mistake might be made if care were 
not exercised, it will be shown how the courses and distances are entered 
on the Plotting Form between Observations IV and Y. 

There nre given liereivitli speciiiiena of only RCWII of the coinpleted Nnvigntion Fonns. Their seiinl 
uumbers hnpperiing lo l e  tlie snine by both iiuiiiernl letters nnd iiuiiierul figiirm, they linve been inurked on the 
hendingn with tlie iiuniernl figurre only na being emooth copies. After riiteririg these gpeciiiieii obsrrvntioiis 011 

the Plotting Foimi, the results of others, of wliicli no spwiineii copies nre thought iiecessnry, hure nlso been 
entered in order to complete the record for one dny. 

Observation IV was taken between Soundings 5 and 6 (shown by the 
back of the Navigation Form, or by a comparison of the reading of the 
patent-log on the General Record with that on the Navigation Form). 
From the time of the observation, when the patent-log read 46.4 miles, the 
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General Record shows that the vessel continued on a S. P E. course until 
Sounding 6, when the patent-log read 50.4 miles-a distance of 4 miles. 
Immediately after Sounding 6 the course was changed to south (see Gen- 
eral Record, Sounding 7, “course from last sounding”), and remained un- 
changed at Sounding 8, when the patent-log read 70.2 miles-a distance 
of 19.8 miles. 

Observation V was taken at Sounding 8, as the patent-log readings at 
once show, and thus it should be entered on the Plotting Form, between 
the records of Observations IV and V, that the course was changed at 
6h 25” a. m. (assumed to have been c$anged from the time the sinker 
touched bottom at Sounding €9, when the patent-log read 50.4 miles, and 
after the vessel had steered S. P E., 4 miles, since Observation IV; and 
for Observation V it should be recorded that the vessel had steered south, 
19.8 miles, since the change of’course mentioned. 

As the plotting of the work progresses and the location of the Definite 
Positions are determined, the method followed in getting each of these posi- 
tions from the observations is stated in the second column of “remarks” 
on the Plotting Form, It should be borne in mind by the person who plots 
the work that while his memory is charged with many important facts 
concerning the navigation of the vessel, theseafacts will be altogether out of 
the reach, excepting through the records, of those who IITay in the future 
revise his work. His aim should be, therefore, to prepare the “remarks” 
for the benefit of persons who understand plotting, but who are unfamiliar 
with the circumstances attending the work itself. A similar principle 
should he applied to all the records. 

The first column of “courses and distances” on the Plotting Form is 
made to show, at each observation or ahange of the course, the run from 
the preceding observation or change of the course with reference to all the 
observations which were placed ’ under consideration. The second column 
of “courses and distances” is used to rearrange the traverse data to suit the 
accepted observatioiis only. Thus, for example, Observations VI11 and IX 
(Form 13 B) having been rejected in the plotting, the columns are made to 
show in the simplest form the run to the accepted Observation 8 from the 
accepted Observation 7 (to Observation X from Observation VII). By the 
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first column of “courses and distances” the run to Observation X (accepted 
Observation 8)  from Observation VI1 (accepted Observation 7 )  reads S. by 
E. 2 E., 10.3 miles, S. # E., 5 miles, and S. Q E., 5.3 miles, while in the 
second column it is stated compactly as S. by E. 3 E., 10.3 miles, and S. 8 
E., 10.3 miles. 

When the plotting has been completed, the “remar&” column filled 
out, the second numbers given to the observations, and the latitude, longi- 
tude, and serial number of each Definite Position recorded, we have on the 
Plotting Form, exclusive of the computations of observations, all the infor- 
mation needed to effect a replotting of the Definite Positions on the line 
of soundings by either series of observations. 

There should be transcribed from the Plotting Form to the rough 
Navigation Forms all the explanatory remarks from the second column of 
“remarks”; also, the latitudes, longitudes, and serial numbers of the Definite 
Positions. I will again state that the rough Navigation Forms, both on’ the 
headings and in the remarks, should give the observation numbers in both 
series; but the smooth copies, for transmission to the office, should give 
only the numbers in the second series. The forms of those ohsehations 
which are thrown out in the plotting are marked “Rejected,” in large letters 
across the face, with red oc blue pencil, and may be filed away in the 
Archives with- th’e rough forms of the accepted observations or by them- 
selves. We never sent the Plotting Form nor the Plotting-Tracing to the 
office because, the ‘‘ Blake’s’’ work being continuous, the party on board 
could always be called on by the office for a replotting; but with a brief 
explanation on the Plotting Form, to show the use of the first and second 
arrangement of numbers, courses, and distances, that Form and the Tracing 
might form very useful additions to the office records. 

THE ARCHIVES. 

The establishment of the Archives was by no means a caprice; on the 
contrary, it was a legitimate consequence of the many embarrassing circum- 
stances which suggested it; and it can be stated with confidence that, by 
taking a great number of observations, by recording them with full infor- 
mation in the systematically arranged Rough Book of Observations, and 



NAVIGATION AND RECORDS. 179 

by preserving all of them.for future reference, many miles on lines of 
soundings were saved which otherwise would have been lost. 

THE PLOTTING-TRACING AND THE SOUNDING-SHEET. 

It grew to be our custom to plot, not directly on the Soundingsheet, 
but on a piece of tracing-paper laid over it and upon which were traced the 
parallels, meridians, compasses, and graduated scales required to plot the 
line of soundings in hand (Fig. I, Plate 35). By pricking through the 
Tracing positions could afterwards be transferred readily to the Sounding- 
Sheet. The finished Sounding-Sheet (Fig. 2, Plate 35) contained on each 
line the Definite Positions, the points where the course was changed, the 
soundings, the character of the bottom-soil specimens, occasional surface 
currents by dead-reckoning or by actual observation with floats, and the 
direction of' the wind at frequent intervals. 

When the transfer had been made the Tracing was cleared of all 
superfluous pencil-marks, and filed away in the Archives on board the 
vessel, where it remained from year to year for reference. 

In case lines of soundings subsequently run did not intersect consist- 
ently with lines already plotted,. the Plotting-Tracing was taken from the 
Archives and the plotting work subjected to a careful revision. This Trac- , 

ing, besides greatly facilitating revision, saved the Sounding-Sheets from 
much of the wear that would have defaced them during the successive 
seasons that they 'were used on board the vessel. 

Although the Sounding-Sheets were sent to the office at the end of 
each season, they were usually returned, after being copied, to serve for 
further work in the same locality. 

Fig. 1, Plate 36, shows the Plotting-Tracing of Line S cleared of 
superfluous pencil-marks and ready for the Archives. 

DETAILS OF THE PLOTTING OF LINE S. 

Eutnblf8hhfJ tire zwti- i  (Fig. 1, Plate 35) .-By reference to the Plot- 
ting Form it is seen that the c'dqarture" on line S was taken from South 
'Pass and Pass Ci l '0utre Lights at 8h 40" p. m. on May 9. A plotting of the 
bearings gives the first Definite Position, which is designated by a circle of 
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one-eighth-inch radius, and marked SI. At gh37” p.m. bearings were again 
taken of the same lights, by which we get Position S,. 

The course and -distance by dead-reckoning from Position SI to the 
time of Position S-S. 8 E., 5.1 miles-is represented by a dotted line. 
It is well to draw the line of course and distance after the manner shown- 
i. e., from a Definite Pos i t i onwhen  this can be done without producing a 
confusion of lines on the.Tracing, but it may be laid off as shown from Posi- 
tion S,, or from any part of a line of position, instead of from a Definite 
Position on that line. The requirement is simply to make it clear between 
which Definite Positions, or lines of positions, the run by dead-reckoning 
was made. If drawn on one side, the parallel rule and the dividers will 
carry it up to any place where it may be needed. 

With a line of soundings of no very great length it is a good plan to 
lay down all the Sumner and other lines of position, and to mark each with 
its appropriate legend before plotting positions other than those obtained 
by bearings of objects on shore. We generally drew lines of position and 
Definite Position circles and symbols in red ink. 

From Observation I to Observation I1 the vessel made 1.1 knots, S. 
P E., by dead-reckoning. To find the Definite Position on Observation 11, 
lay off the run from any part of Observation I, and from the lower extrem- 
ity of the line thus projected draw another line parallel to Observation I, 
which will intersect Observation I1 in the position sought-that is, Posi- 
tion S,. 

When referring to the plotting the term “obsmation” will, for brevity and convenience, often be ueed 
instead of “ line of p o h  ” or “ Sumner-line.” 

From Position.S, lay back the run made, by dead-reckoning, between 
Observation I and Observation 11; the line representing the run will cut 
Observation I in Position S,; or carry back Observation 11, by course and 
distance, to an intersection with Observation I. In getting Position Ss and 
Position S, no current nor drift was allowed for in the run. A line drawn 
from the point A-the dead-reckoning position at the time of Observation 
I-to Position S,, would represent the current or drift from the time the 
vessel was at Positidn Y, to the time of Observation I-S. E. E., 2.4 
miles in the elapsed time of 3h 4”, a velocity per hour of 0.8 mile. From 
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this it seems plain that the Positions S3 and S, need not be revised to 
allow for current, since Observation I1 was taken only six minutes after 
Observation I. 

It is seldom tlint any dead-reckoning ourreat need ba nllowed in such short rune berwoen observations. 
What from custom is liere styled current, is evidently sometimes very different from the true ciirrunt, and results 
from cuiwnt, headwny, and sternboard during soundings, imperfect steeraye; nnd leeway, if it tins not been 
allowed for in correcting the coiiraes. During the opemtion of sounding n veneel is EO constantly innnccarring 
to keep the wire vorticnl thnt no nccurnte run cnn \)e kept of her drift over the ground on such occneioiis. Since 
the stoppages vnry in timeAwcnuse the soundings rury in depth, nnd from other circumstnnces-the deed-rock- 
oning current between. two widely-sepnmted positions-aa S .  nnd &-does not, by any IIIIXIIE, dwnys give a 
mensure of the drift ut each intermediate point ; lienco it would be of no uvnil in plotting to ntrive for n degree 
of exactness unnttainnble from the nature of the work. I linre no intelltion to eiicournge luxity; on the con- 
trnry, I would insist on nccurncy wherever it is poasible; but it ia useless to uccord to resulta involving speculation 
more than their merited \due. 

As each Definite Position is determined, explain in the second “mnzark” 
column of the Plotting Form the method adopted in its determination; 
and if any allowance for current has been made, the fact should be stated, 
mentioning if the current was by dead-reckoning or by observation with 
floats. The wind and current betGeen positions are indicated by arrows, 
as shown on the plate. The velocity per hour of the current, in knots 
and tenths, is designated by figures, and the force of the wind is expressed 
by the figures of the usual weather notation. The arrows, on the whole, 
present a very good general indication of the direction of the currents. 
By reference to those plotted in previous years we were enabled, in 1878, 
to run a series of lines of soundings in various directions in the Straits 
of‘ Florida and the Yucatan Channel, across the swiftest currents of the 
Gulf of Mexico, with such precision as to elicit the special commendation 
of the Superintendent of the Coast and Geodetic Survey. 

Positions S, and S, are obtained from Observations 111 and IV after 
the manner of getting Positions S3 and S, from Observations I and 1 1 4 .  e., 
by carrying Observation I11 forward, by course and distance, to an inter- 
section with Observation IV, and Observation IV back to an intersection 
with Observation 111. 

From Observation V, which gives a Sumner-line of position by the 
forenoon sun, we could get at once a position close enough for ordinary 
navigation by referring it to the Definite Positions S, and So; but for our 
purpose it is necessary to take into consideration, likewise, the noon and 
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afternoon observations, Nos. VI and VII, the first step being to determine 
the Definite Position on the noon parallel, Observation VI. 

The forenoon observation, No. V, carried forward to an intersection 
with the noon parallel, Observation VI-which is done by simply prolong- 
ing the Sumner-line, because the course is directly along that line-gives a 
position at B, while the afternoon observation, No. VII, carried back gives 
another position at C. To determine Definite PositionlS8, it is assumed 
that from the time of Observation V until the time of Observation VI1 the 
current remained unchanged in direction and velocity, and that the ves- 
sel'sdrift in a true westerly direction is represented by the distance from 
B to C, without regard to any possible northing or southing. 

It is evident that this assumption is not strictly tru4, for lind simultaneous observntions of two objects on 
different bearings been taken at the time of getting Obnervntion V, their 1iric.s of position would not have worked 
to nn intersection with Observation V I  nt exwtly the sanie point on tliu parallel. To nvoid mieundemtnnding, 
we usually called the distance fi.om B to C dwcrqancy; but we treated it RB true drift, unluss there were reneons 
to the contrary. 

If, therefore, from gh 15" a. m. until 2" 58" p. m., an interval of 5h 37" 
(remembering that the clock was set ahead 6'" at noon), the drift.was 1.7 
miles-as represented by the distance from B to C-from gh 15" a. m. until 
noon, an interval of 2h 39" (clock set ahead 6"'), it was 0.8 mile. The 
distance 0.8 mile laid off on the noon parallel from B toward C gives 
Position S,. This is the method usually followed in getting the position 
on a'noon parallel by means of one forenoon and one afternoon observa- 
t idn; but should there be doubts of its correctness in certain instances, 
the dead-reckoning currents found by working forward or back to noon 
from the morning or evening twilight positions will probably point out if 
the method be admissible. With several forenoon and several afternoon 
observations worked to noon there can be no great uncertainty of getting 
a trustworthy position, provided all the observations are good. 

Having determined the noon position we are prepared for a return to 
the Definite Position on Observation V. Observation V niakes so small an 
angle with the meridian that it will give a close approximation to the cor- 
rect -longitude for any latitude likely to be assumed;' hence it is with the 
determination of the latitude that we need most concern ourselves. The 
course and distance carried forward from the Befinite Position Sa gives a 
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dead-reckoning latitude at D, and by working back in the same way from 
the Dejinite Position S, we get another dead-reckoning latitude at E. In- 
terpolating for time-intervals we get a mean latitude between the points D 
and E, which, laid off on Observation V? gives Position S,. 

It is interesting to note tlint when carried to inbrsection with Observntioii V, Observntion 111 gives R 

position at  P, Observation IV at G, und Observation VI  at  H, nnd thnt n meun of these positions differs but 
little from Position $7 nlreudy found. 

The true position of the vessel when the course was changed at  6h 26” 
a. ni.-af‘ter she had steered S. H E., 4 miles, from Position S,-should 
next be sought. If in 4h 40”, the time from Position So to Position S,, she 
drifted E. N. E. a E., 1.2 miles, as.represented by a line drawn from D to 
Position S,, in 50” (the time from Position. S, to the changing of the 
course), she must have drifted E. N. E. 2 E., about 0.2 mile, assuming the 
drift to have been invariable from Position S, to Position S,. The true 
position is therefore marked at a point 0.2 mile E. N. E. 2 E. from the 
dead-reckoriing posj tion, and designated by a .circle of &-inch radius. 

For finding the correction to be npplied to the dead-reckoning position of the vessel at clinnges of the 
cndixe, in older to locate the true position, it might prow convenient, in extended plotting, to make use of a 
diagmn siinilnr to tlint show1 in the right upper collier of Fig. 1, Plate 36. One of these ooi i l t l  be constructed 
in somu vacant cornur on each Souiidiny-Sheet, and by liuviiig the scnle of iuiles on tlict.diirgrrrrn the snnie ne that 
of the projectiori the correction, na taken fi-on1 the former with a pair of dividers, could be npplid dirwtly to the 
dend-reckoning position. Any expiision or contrnctiou of‘ the pup“’ f’ronl tinlu to timu woiild piwl~n1)ly eqildly 
nffect the dingritin and tho projection. 

The dotted line Q b 011 the 
diugrnni represents the drift sought, wliicli by conipuWion is 1.04 miles. 

Exumple : If in 8 b  451” tllu drift \vra 2.5 miles, how much wns it ill 3” 40”’? 

Before seeking a Definite Position on Observation VII, Position S, 
should be determined. Observations X and XI1 were taken only 20” apart, 
during which interval the vessel was engaged in sounding and manaeuvring. 
From this it appears that we can do no better than to locate Position Sl0 at 
the intersection of Observations X, XI, and XII. 

The Sumner-lines corresponding to Observations VI11 and IX, which 
were originally accepted, have been purposely shifted 4‘ in longitude to 
the eastward, that they may be found unfit for acceptance, and so give 
an opportunity to show in what manner rejected observations are treated 
in the record, or, perhaps more strictly, how the records are amended for 
rejected observations. 

Position S, on Observation VI1 is obtained by running the course 
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and distance forward from Definite Position S, and back from Definite 
Position for a deadrreckoning latitude, after the manner .of proceeding 
in the case of Position S,. 

If, instead of getting Position by the method just etated, the noon observation and the evening twilight 
obsermtions were to be carried to intersections with Observntions VII, the several pointe of intemection would 
be na follows: By Observations VI nt J, and by Observntions X, XI, and XI1 at R, L, nnd M, respectively. 
The lines of position of Observations X and XI, making only the smnll angle of 1%' with the line of position of 
Observntion VII, give untrustworthy resub, but that of Observation XII, making an nngle of 420, would give a 
n tolernbly good positiou i f  coupled with Observation VI. 

It is well to take plenty of time for consideration when plotting, and 
to make a practice of running courses and distances forward and back, and 
of carrying the lines of position to intersections by various combinations, 
as a means of detecting those observations which, through one cause or 
another, are least worthy of acceptance. 

The position where the course was changed between S9 and S,, should 
now be found, the successive positions connected by right lines, and the 
winds and currents along the whole line of soundings ascertained and 
designated by arrows. Theh the Plotting Form should be completed in 
every particular; after which it may be laid aside and the General Record 
Form taken up for the purpose of plotting the soundings. Uniess the 
independent poiEts where courses were changed are known, it would not 
be possible to plot the soundings correctly. While these points are deter- 
mined aad specially marked to serve a necessary purpose, they are not 
classed with the Definite Positions, so called, because they do not occur 
on any astronomical line of position nor on any line of bearing of a shore 
object. It might be convenient to call them Secondary Positions. 

DETAILS OF THE PLOTTING OF LINE S-(CONTINUED). 

PLottlW the soundi~~.~.-All the soundings taken between any two suc- 
cessive Definite Positions are generally plotted on a right line connecting 
those positions, but if an unusually prolonged delay has been made at any 
cast, making it evident that an exceptional allowance for drift or current 
should be applied in that instance, then it may not be practicable to adhere 
to the right-line method, and the case becomes one of special judgment, 
dependent on circumstances. When such cases arise, it should be remem- 
bered that, the method by right lines being the one usually followed, all 
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deviations therefrom should be specially mentioned in the column of 
“remarks” on the Plotting Form, to be transcribed to the proper Naviga- 
tion Forms. It is desirable that the navigation record should not be 
encumbered by such supplementary remarks, and they may often be 
avoided by taking observations at short intervals along the line of so’und- 
ings, especially at different times during the long stoppages, When work- 
ing over gentle slopes like the Great Florida Bank, where for more than 
one hundred miles seaward the water is of less depth than one hundred 
fathoms, greater exactness is -called for than is absolutely required in the 
deep basin beyond, as it is probable that navigators at large will turn to 
good account the soundings shown on their charts within the curve of one 
hundred fathoms. Line S, part of which has just been plotted, crossed 
very strong currents as we approached the Yucataq Bank, and on line T, 
run soon after from Alacran Reef to .Tortugas, we experienced on leaving 
the Bank such a strong head wind and heavy sea, and such a swift current 
setting up through the Yucatan Channel, that the dead-reckoning current 
was five miles per hour at right angles to the direction of the line of 
soundings. On each of these lines we had, as a result of Qur astronomical 
observations (thirty-eight observations on Line S and sixty on Line T), as 
many Definite Positions as there were soundings, although the position by 
observation was not always that of a sounding. The right-line method 
was followed in plotting, but with so many Definite Positions the location 
of the soundings on our Sheets cannot be much in error, notwithstanding 
the rapid drifting of the vessel. 

Fig. 3, Plate 36, illustrates the plotting O f  the soundings between 
Positions S1 and S,. Sounding 2 (one hundred and twenty-seven 
fathoms) was taken after a run, by patent-log, of 4.9 miles from Position 
S,, and Sounding 3 (three hundred and eighty-six fathoms) after a run-of 
10.3 miles from Sounding 2, or of 16.2 miles from .Position S2. In the 
present case these intervals might be laid off on ‘the dotted line repre- 
senting the run from Sp to,&, ai1.d thence might be carried to the line 
proper, but frequently the line of the course and the line of soundiiigs 
coincide so nearly-in direction that other means must be adopted, and the 
manner of working may be as follows: Draw at any convenieiit angle with 
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the line of soundings a right line Sz P, equal to the distance by patent-log 
from Position S, to Position S-equal to S, A, or 16.2 miles. Lay off on 
the right line S, P the sounding-intervals S, N (4.9 miles), and N 0 
(10. 3 miles), as given by the patent-log readings on the General Record 
Form. From the points N and 0 draw parallels to the right line S, P, 
intersecting the right line connecting the Positions S, and Sa. The points 
of intersection are the positions to be assigned to the respective soundings. 
The right line S, P may be drawn at discretion, but the method of obtain- 
ing the most convenient angle possible is shown by Fig. 3. From Position 
Sz as a center, with a radius equal to S2 A, describe the arc of a circle 
as shown. From Position S, draw a tangent to the circle. The right line 
S, P, touching the circle at  the point of contact with the tangent, gives 
the best angle’ that can be obtained. 

There are other ways of plotting the soundings on right lines joining 
positions, but they need not be explained here. 

When a change of the course is marked between two Definite Posi- 
tions, the soundings are plotted from the first position to the change of 
the course, and then from the latter to the second position. 

REMARKS AND SUGGESTIONS ON PLOTTING AND NAVIGATION. 

If the sun pass the meridian near the zenith, equal altitudes of that 
body give a quick and trustworthy means of finding the longitude for 
noon; but the conditions which are favorable for that method also greatly 
increase the value of the Sumner-line of position for the same purpose. 
Although the advantage of easy computation is on the side of the equal 
altitudes, it is more than probable that on the arrival of the time which 
would be selected to take the ante-meridian observations of the set there 
will have been already computed, for positions intermediate between twi- 
light and noon, two o r  more Suniner-lines, which, with scarcely any addi- 
tional labor, may be carried forward to be cansidered in connection with 
the afternoon Sumner-lines for finding the noon longitude. When we 
observed equal altitudes on board the “Blake” it was chiefly for securing 
a check, or for providing a substitute in case of the loss of the usual fore- 
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noon observations, or to insure a noon longitude against the failure of the 
afternoon Sumners. 

The cases shown on Fig. 1, Plate 35, of getting the daylight positions- 
S,, Sa, and S,-are of a simple character. Were it advisalde in this chap- 
ter to discuss the management of Sumner-lines in general, a different line of 
soundings would be chosen for illustration-one that would involve some 
perplexities in the plottingwork. The mode of finding the Definite Positions 
on the forenoon and afternoon Sumner-lines changes with the conditions, 
even when the data is complete. Thus In the cases already plotted the lati- 
tude at the time of observation was most in doubt, but 'had the latitude of 
the vessel and the declination of the sun been widely different it might have 
been that the longitude was least well defined by the Sumner-lines in point, 
and this would probably have caused us to arrive at the Definite Positions 
by other steps. It sometimes happens, when the same course has been 
held between a twilight and a noon position, that a right line connecting 
these two positions will intersect the forenoon or afternoon Sumner-lines in 
the most rational points for the position of the vessel on those Sumner-lines 
at the respective tirnes of observation. This is the easiest of all cases for 
solution. When there has been hazy or cloudy weather the difficulty in 
the plotting work which follows is greatly increased. On one occasion 
three days were spent by me in determining a single Definite Position on a 
line of soundings that had been run in a heavy sea with a dim horizon. 
This was troublesome, but in the end there was satisfaction in feeling that 
my conclusions were sound. The troubles are not confined to the fore- 
noon and afternoon positions only, but may arise anywhere. On occasions 
there are no forenoon or no afternoon observations, or perhaps both sets 
are missing; at  other times the meridian altitude has failed, or morning, 
evening, or all twilight observations likewise; and, again, some observa- 
tions are presumably much more trustworthy than others, calling for care- 
ful coinparison and discrimination in plotting. The way out of difficulties 
in plotting, as I have stated before, is to seek for current or drift, or dis- 
crepancy, by working runs forward and backward, by one disposition or 
another, until t he  errors of observation become apparent. 

There are a number of methods of taking a departure on a line of sound- 
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ings. The best, doubtless, is that of measuring with sextants, from the ves- 
sel, the angular distance between three established objects on shore. Two 
objects in range with their angle at  the vessel from a third object gives a 
fine position. A good way-for want of a better-is to begin the line of 
soundings at the outer bar-buoy or sea-buoy if leaving a harbor or road- 
stead. Cross compass-bearings on two land objects are almost always 
worthy of acceptance when the vessel is quiet; but with us, when they were 
taken in a rough sea or heavy swell, we could seldom get good results from 
them-i. e., when the bearings were projected on a chart the hydrography 
of which had been executed by the most approved methods of inshore 
work, they would not aiways intersect in the depth found by an actual 
sounding taken at  the time of observation. Such a dilemma may possi- 
bly be escaped by getting a compass-bearing of one of the objects and a 
sextant angle between the two. When this does not succeed, and there 
is at hand a trustworthy chart of the place, showing the slope of the bottom 
to be regular and tolerably steep, a compass-bearing of only one shore 
object-several times repeated to make sure-may be projected on the chart 
and the position of the vessel marked where the line of bearing cuts'a depth 
corresponding to the sounding taken at the time of observation. When 
admissible,-the most suitable line of bearing on which to place the vessel 
for this purpose would; doubtless, be one taking a direction normal to the 
curves of equal depths. Sometimes we were compelled to take a departure 
from an isolated light-house, or other object, where the circumstances 
were such that to accept a position by one bearing and a sounding was 
out of the question. In such cases we generally managed to approach the 
object so as to get the possible advantage of what is known as the bow and 
beam-bearing problem. With the vessel steadied on her course, a bearing 
was taken of the landmark when it bore four points on the bow and 
another when it was abeam, holding the same course between, and reading 
the patent-log at each bearing. When there was no current the distance 
from the landmark at the second bearing was equal to the distance run 
between the two bearings. If the existence of current was suspected, then, 
at the second bearing, an observation was made by means of floats from a 
boat anchored to the sounding-rope. Any current thus found was applied 
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to the run, and if it proved to have been at  an angle with the course steered 
the character of the problem was changed, and the case was solved by 
projection on the Sounding-Sheet in accordance with the data. A check 
on the above is to leave a buoy at the spot where the second bearing was 
taken, and then, continuing the same course, to get a third bearing and a 
patent-log reading when the object bears four points on the quarter. By 
returning to the buoy a departure may be taken at pleasure. 

Methods that are adapted to taking a departure on  a line of sound- 
ings are alike suited to closing the inshore end of a line. 

Changing the course between observations should be avoided as much 
as possible when on the lines, that the plotting work may not be coinplicated. 
Very often at evening twilight it is known that no more observations will 
be obtained until morning twilight, and that a course must be shaped for 
all night. We learned, after a few severe disappointments in the strong 
surface flow of some parts of the Gulf of Mexico, to shape the course for 
the night directly along the projected line of soundings, unless quite sure 
that we could predict the general direction and approximate velocity of the 
current. It was very unpleasant to find by the morning twilight position 
that the course had helped the current to carry the vessel away from her 
line. While five miles of deflection might not give great concern, ten 
miles in the same case might be thought to detract very seriously from 
the appearance or the adequacy of the work. 

For positions we placed our dependence chiefly 011 the twilight obser- 
vations, as giving us, practically, the latitude and the ldngitude at the same 
time. A twilight horizon is, in general, a very fine one, the bright sky 
beyond throwing it out black and distinct, thus offering the best of condi- 
tions for accurate contact in measuring altitudes at sea. To get fine inter- 
sections like that given by Observations X, XI, XI1 (Fig. 1, Plate 35), 
was by no means an uiiusual occurrence with our navigators. 

By always knowing in advance the names, approximate bearings, and 
altitudes of the stars that each wished to observe, our navigators never lost 
opportunities when the time for observing had arrived. Since with Sum- 
ner’s Method the line of position is always at right angles to the line of 
true bearing of the body observed, the angles which the several lines of 
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position would make with each other could be foretold at once from the 
compass-bearings of the objects at the time of observation; hence, in select- 
ing the planets or stars for our purpose a due regard was had to their rela- 
tive bearings. Eight points evidently gives the perfect intersection, while 
one of two points is hardly acceptable for good work. When there was so 
little clear sky at twilight that the constellations were indistinguishable, the 
altitude of the first bright star that presented itself favorably was turned 
to account, for with the altitude, and the bearing that we habitually took 
simultaneously therewith, a reference to our handy little celestial globe 
rarely failed to give us the nanie of the star. While a globe was not 
exactly a’necessity, hardly a day passed at-sea that it was not put to 
good use for instruction or amusement. We did not often attach para- 
mount importance to meridian altitudes of stars at twilight, for, in the time 
given up to watching for the culmination, opportunities for fine altitudes 
for Sumner-lines might have escaped notice, and the advantage of observ- 
ing at the very best phase of the twilight horizon might have been lost to 
us. The records of the “Blake” show nevertheless that a large number 
of meridian altitudes of stars were taken during the period covering the 
whole work, thereby proving that we were not neglectful of them when 
they served our purpose best. 

Whenever an observation is needed and can he secured, the navigators 
should be cautious about deferring it in anticipation of a better chance, for 
the prospective chance may come to nothing, and they will then have only 
regrets instead of “salted” observations, as we called those taken for pre- 
caution. Occasionally, good altitudes of stars or’planets may be had on 
moonlight nights-at times when the moon is not too high-by observing 
such bodies as will come to a contact just at  the limit of the illuminated 
portion of the horizon. Such opportunities should not be neglected, 
especially when by embracing them any good’purpose may be served, 
because it is often the case that a sky which has been clear all night 
becomes temporarily overcast toward the break of day. Our old hands 
were always alive to these points, and the new-comer quickly worked his 
own cure, for he was sure to find that diligence in observing lessened the 
perplexities of plotting. 
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When the navigators were in danger of being overworked, we found 
it a good plan on moonlight nights to leave with the officer of the deck a 
memorandum showing the watch-time of the meridian-passage of the moon 
or of some of the stars or planets. If the officer of the deck sdcceeded 
during the night in getting any meridian or other altitudes they were com- 
puted by the navigators on the day following. 

If the weather became overcast or foggy at a time when further prog- 
ress on the line of soundings without observations was thought to be a 
serious disadvantage, we would, when working in water less than two 
hundred .fathomgin depth, plant a buoy, or anchor the vessel, and await 
clearing weather. By anchoring at intervals, we once executed success- 
fully a line of considerable length, the whole of which would otherwise 
have been lost. 

SECTIONS AND TEMPERATURE CURVES. 

Forms 14 and 16 are given as 'specimens of what may probably be 
considered the most important graphic methods of arranging for study the 
data obtained at the Observations for serial temperatures, while Form 15 
serves at the same time for presenting in a simple and comprehensive 
manner other useful informa.tion. 

Our instructions did not require us to submit anything of this kind to 
the office, but after our first season in the Gulf of Mexico we began to add 
Form 15 to our records, and in time a continuance of the practice was 
expected of us, Form 14 never formed part of our records; it is chiefly 
because of its special importaiice to a party when actually engaged in the 
work that it is given here. 

F O ~ . S ~ C  xa.-With a piece of cross-section paper at hand, the curve may 
be constructed from' the data in a few minutes. The horizontal or upper 
scale represents degrees of temperature, and the vertical or side scale 
fathoms of depth. The point corresponding to any depth of a series is 
plotted at  the intersection of the vertical and the horizontal lines repre- 
senting, respectively, the temperature and the depth. The successive 
points are then connected by right lines, or all the points may be embraced 
in a consistent curve. 

This Form niay be iiinite to exhibit the relation between depth and 
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temperature for a single station or for a number of stations. In the lat- 
ter case, the results obtained at the several stations may be compared. 
The gradients of a curve, by showing the rate of change in temperature 
between successive points of observation, give evidence of the existence 
of currents;, but if any gradient show an abrupt divergence from the 
general aspect of the curve it may be found that this results from an 
instrumental error, and thus a curve will point out the necessity for a 
repetition of an observation. 

The heavy vertical line represents the temperature of 394" Fahr., 
the lowest temperature of the deep waters of the Gulf of Mexico, and 
that which we always found there below a depth of six or seven hundred 
fathoms. 

 owit it 15.-It is usual to make sections of this kind on profile paper, 
which gives a clear exhibit of the lines, but cross-section paper being 
more convenient in our special case was always used by us. The scales are 
arbitrary, that at the top representing miles and that at the side fathoms. 
The depth is generally so small in proportion to the distance run that it is 
necessary to greatly exaggerate the former in order to present th6 data in 
a shape available for inspection, 

The data was plotted on Form 16 as follows: From the position of 
each sclunding OB the Sounding-Sheet (Fig. 2, Plate 36) a perpendicular 
was drawn to a right line connecting the positioiis of the first and the last 
sounding on the Sheet. The several distances of the new or projected 
positions from the first sounding of the series were then set off on the 
scale of miles on Form 15, and, from the corresponding elements of depth 
and distance, the curve or profile of the bottom was constructed as shown. 
The further construction of the lines shown on the Form is so apparent as 
hardly to need special description. In drawing the lines of equal tempera- 
ture it was our practice to first join such points on adjacent lines of descent 
as were shown, by actual observation, to have equal temperatures. The 
figures on the line representing the surface of the water denote temperature 
of the surface water. 
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Construction of t h e  curve. 

tkcc: t'- t - T 
C - C - C '  

ani!. T + c - number o f  f a t h o m s  paye& o u b .  

, Example. 
. .  ....... ~ ............................. wwe; In. u s e  = 2 2 6 0  turns COT. c = ............... . . . 7 5  

CI -;ti": = wire ~ l f t  o n  r e d  = 8 4 0  y .  COT c'- 12 
.............. ...... ..... rc+of rcg&r= 1420 ,I ..... 

..... . . . . . . . . . . . .  ................ ...... 
&ffcrcrtcc or . c = ,  .... .. . . 6 9  . 

Tor reading of reyutcr. ..................... 14-20 
t r u  depth of s o u n . d ; n g  .......... ..._..- .... 1403 fa tho^. 

S O U N D I N G  WITH WIRE. 

CURVE FOR CORRECTING THE READING C o r r e o d o n .  

O F  THE REGISTERPLACED ON THE AXLE 
Corn'&-. Howell; method 
of splicing the wire .  

L ieut ,  Com'dr. Sig:bee's method o€ splicing 
t h e  wire into the stray line". 

OF  THE SOUNDING REEL; 

BY 

1 
Cross& 



(26 D 8) 
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REMAHKS. 

FORM 5.  

AI.TITUIIFA. I DIFP. 

0 I I/ 

- 
M a l -  I Barely 

erntely accepta- 
g o d .  ! ble. 

ir. M. s. TIM. 

\V. 

C-\V. 

0. c.  

Ii. Y. 8. Ths. 

C. 

w. I 

C W .  
0. c. 

U. S. COAST SURVEY, 
CAfLLILE Y. PATTERSON, Superintendent. 

--c- 

SEcrIOs  . 
- ------ - 

OBSERVATIONS. 
GENERAL LOCALITY: 

-. - - .- - . . 

R o ~ g k  Book of Observations No. 

I 
Prom , 1 8  , fine-- 
To , 18 , Line---- 

C k k f  Com'du Hud. Party: 
' VC88d7 

Obeerver : 



FOltM 6. 195 

[On t1ii11 lonil tho Itulicn IIIIIN tho pdntnl iiiiittor uf the Ih i ik  forin, whilo tlir wrlttoii or rawrdwl inattor la rqironontoil 11). Roiiiuti.] 

I;'OIZM (i. 

U. S. COAST SURYEY. OFF-SHORE WORK, GULF OF MEXICO. 

At 8b 40. P. M., May Otli, tmik our dolinrturo OII Liue 6. 
South Poss L l g h ~  M i ~ I ~ s l p p l  Illvor, bsnring (correct mlyliietlc), W. S.W. & W. 
l'w a I'Outro " " " N. t W. 

P&mt-lug, 0 ;  Soiindliig No. 1. 

DEFINITE POSITION 131' ABOV 15 BISARINGS : 

POSITION 1. 
IATITUDP, 290 01' 40". LOXWTVDIL 890 08' 35". 
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R E M  A R K S- (Continued). 

TIMES. ALTITUDES. ' CBRO.  COMP. REMARKS. 

! 
: a. 



FORM 7. 197 

. ,  
T. ALT. $2 Jb &l ~ I 1'. ALT. I $2 66 4 
L<T. I 28 20 oO1L.6EC. : W 2  ' 1  LAT. ' 28 40 00 I.. 6EC. 1 

[On thls form the Itallca ihow the prlntod matter of the blank form, while the written .or m r d e d  matter Is represented by Romn.] 

I lioR.PAR* 
.a079 1 TAD. xrx. 

FORM '7. 
U. S. COAST SURVEY. ' OFF-SHORE WORK, GULF OF MEXICO. - X 

SUXNEB9S METHOD BY MOON, PLANET (-), STAR (Altair). 

LLVB FROM LAT. Bo 01' 40",  loti^. 89O 02' 35", TO LAT. 260 58' %", Lotio. 890 04' 35". 
COAST SURTXY STR " Blake," Lieiitenunt - Coinrnnnder C. D. Sigebee, U. S. N., COMMA.VDIA*O. 

DAZE, May loth, 1876, LINB LETTER, 8. ii No ot' pO8lTIO.V. 3. No. OF OBSBRTATION, 1. 
~ ~______  

6. D. 
A Uf3. 

r. c. 
DIP. 

REF. 

ill OOR. 

OBB.ALT, 

2d OOR. 

1 60 C. I.: COR. R:A. 

81 27 40 
- 1  

I 
7 21 I G. D. + 

I I  32 67 20 
7 

1 - 
1 1  R. A . M .  8. /3-13-37.4741 LOOAL. 

P.'D. ~ 81 27 40 ' L. COSEC. .00484 P. I). 
1 '  6WM. BUM. 142 37 48 

81 27 40 1 L. COSEC. I ,00484 / /  1 142 61 48 
I- I4 

71 28 54 L. COS. 0.60180 1 6UM. 1 I 1 1; OON6T. W W t  I ) B U M .  , , 7 1 1 8 6 4  L.WS. I Q.h0666I't6UN. 
! I T. A M :  I 1: ALT. I- 

I I I I II  I. 

RElKARIL9. 
.?ATBN&OO,. -. -. 21.35. 
Carded Obervatlon 2 back. by courue and dlstanoe, to an intorseotlon wlth Oi~rervatlon 1, for Definite Poslllon on Obrenatlon 1. 

[ovm.] 
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REMARKS-(Continued). 

OBSERVER ..................................................... Robert G.  Peck, Muter, y. 8. Nnvy. 
COMP UTEIt ................... .: ........... L.. ................................ anme. 

PRELIMIXARP T O R E .  
___ ----_ - - - __-_ 

TIME AS PER SOUNDING-SHEXT 12" 41"' A. M. -- 1'. M. 
- - - - ............ 

TIMES. ALTITUDES. CHRO. C'ONPS. 1 N EM J H /is. 

48 

38 - 27 

39-13 

65 

40 - 28 

ns 'Lo )I- 

46 00 c- IY. 
68 GO Q c. 
07 20 ! 

14 j 
41-16 20 00 C. 

i 
80 ' 

12-39-11.4 82 67 29 0-11.. 

- i  
I 

I c. c. ! I :  



F0II.M 8. 199 

6. D. 
A L'O. 

I .  c: 
DIP. 

BEF. 

[On this forni the Italics show the prlnbd insttar of the blauk form, wbilo the written or recorded niRtter is 
ropreaented I?y lblomnn.] 

FORM 8. 
OFF-SHORE WORK, GUlF OF MEXICO. 

), STAR (Vogn). 

U. S. COAST SURVEY. 
X 

SUXNEB'S METHOD BYP IrrOOX, PLAh7ET (. 

LIXE FROM 

C O ~ V T  SUHI.EY STX. 

LAT. ?29O 01' 40", I-O.W. 89" 02' W', TO LAX 2W 58' 25" LON. 89O 04' 35''. 
"Dlake," Lieuteiiaut - Commander C. D. Sigsbee, U. S. N., COMMANDIM. 

 AT& May loth, 1876, 12b.47m .;;;: -$!. OP I'OSmIOA; 4. NO. OF ~B.~RXl'ATIV.\'. 2. h . V K  LRTTBR, s. 
I, m. .. 0 , ,t b. m. a. , 0 t , ,  , 

( 3 . )  38 39 40 . hf. lJ. H .  A .  i 1 k 2 4 G . 2  1 D.- 

I i 
1 .  COn.l1.A.: I 
! COH. 

- 4 (13 ' I  C.C. + 1-19.4 

Id C011. 

OLiS.AL9'. 17 28 40 
' 

; j  

P. D. 

n. A. M. s. 
a r .  (;. nf. T. 

I ( .  A .  > I .  S. 

- I I I 
I i1 ! 61 20 11 

P. D. 
6UdL 

0 . 6 W G  H. A .  

Ii. A .  

li. A .  M E R .  

it. A .  x s. 
L. >I. 1: 

Q. 31. T. 

L O N ' .  1: 

LOXC. A .  

DEFIiVITE' POSITION OiV THE ABOlTE LIh% AT THE TIME OF OBSERVATION: 
LArmruR 280 37' 28" A-ORTH. LOSQZTUDI~ 890 00' 10" Wsuz 

REMARK& 
PA TEKPLOO, - - - - - - - -F2.4. 
Ourriod Obserwtion 1 furwnrd, by coum0 and diotlnce, to YII intersection with Obaenrtion 2 ,  for Detlnlte Position on 

Obsemtlon 2. 



200 DEEP-SEA SOUNDING AND DSEDGING. 

~ ~ ~ ~ ~ K ~ - ( c o n t i n u e d ) .  

OBSERVER ...................................................... .Robert G.  Peck, Master, U. 8. Navy. 
COMPUTER.. .................................................................... 0~1110. 

PRELIMINARY WORK. 



FORM 9. 201 
[On thin form tho Itallce ihoa  tho pdutod matter of tho blank form, whllo tho wrltten or recordod mattor Is roprwontod by Romaii.] 

FORM 9. 
U. S. COAST SURYEY. OFF-SHORE WORK, GULF OF MEXICO. 

X 
SUXNER'S METHOD BY BOON, PliANET (Saturn), STAR (-). 

LINE FROX LAT. 290 01' 40", LONQ. 890 02' 35", TU LAT. 260 58' %", LOSO. 890 04' 35". 

COAST SLTRITZY STR "Bluke," Lieuteiiant - Conimniider C. D. Sigebeg U. S. N., COUU~NDXNG. 

DATB, May loth, 1816, 42$:5 NO. OF POSITION, 5. Na OF OBSERVATION, 3. LXNB LBTTER, 5. 
I 

A.  &d640%0 M . D . + e  

-.04 --?! 

? 

68! 
IMI 

h. m. e. 

I 6. D. 
AUG!. I 

- .w. 
DIP-B H AA'GLE WITH 

1 0 0 2 3 4 8 !  

b. m. I. I SEXTAh'X. 

REF. 

3-14-30.27 lbrG!.M,NOON. 

1800 00' 00" - i6.m F O R X ~ M .  I j  
- .M1 lbr6EUONDS. I ,O Z. D. 1 ;  IIOR. 

I DIFF. 1 + D IFF.- j l  DIP. 

Id OOR. 

I 

28 20 00 L. SXU. 

- 
80 40 06 L. 008. 0.20003 E m .  

68' W" 

22-YO-4b.o 

- 
- .  

VALUE O F  
0BSN.I X 

I i 

T. ALT. &? yb & 1: ALT. 

LIT.  28 00 00 L.8EC. 

P. D. 100 23 46 L.CO6EC. 

BUM. 101 00 10 

i SUM. 80 SO 06 L. WE. 

Z! ALT. -I 

HEM. 

' 

4-11 19.14016 

T. ALT. 

47 63 40 L. BIN. O.R?W : REM. 

h. I. e. 

t. 9.6767 / i  1I. A .  
R .  A .  

11. A.  N. S. 3-14-14.3 

2. N. T. 10-27-11.3 

b. N. T. 22-2246.0 0. N.  T. 22-22-46.0 

LONQ. T. 64040.4 

L0NG.A. I- I 89000'61" WJBT. . I I LONG!. A .  880 ti$' 26" WEST. , 

DEFINITE POSITION ON THE ABOVE LINE AT THE TIME OP OBSERVATION: 
LATXTUDH 2 8 O  14' 18" HORTH. LONQITUDB 8 8 O  8808" WXST. 

REMARK& 
P A T B N F L O Q ,  - - -. -. -. 44.6. 
Carrlod Observation 4 back, by coune and dletunce, to an intorsection with Oborvation 3, for Definite I'odtion on Ohorvation 3. 

[OVPB.] 
26 D S 
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REMARK&(Continued). 

. PRELIMINAR P WORE. 

TINE AS PEIZ ,SOUNDING-kJHEBT 4" Z!j.'" A. M. - P. M. 

TIMES. 

b. .I. 
4 - 22 -& 

23 -87 

33 

4-23'-16.5 

ALTITUDES. 

$2 40 ii 
47 20 

87 90 

32 4345 

CHRO. COHPS. REMARKS. I 



FORM 10. 203 

14 08 22 1 ~ 2: 10 1 
108 40 61 

161 09 13 

76 34 38 

- 

[On thla form the Italica show the prlntod mattor of the blank form, whilo the written or recorded mntter Is rrpresentod by Roman.] 

L.6EC. 

L.COSE( 

L .  COB. 

FORM 10. 
U. S. COAST SURVEY. OFF-SHORE WORK, GULF OF MEXICO. 

X 
SUMNER'S NETIKOD BY MOOA; P L A N E T  (Jiipitor), S T A R  (. . --). 

LINE FROM LAT. Bo 01' 40", LONO. 890 02' 35", TO LAX 260 58' %", LOSO. 890 04' 35''. 
COAST SURIW STR ''Blake," Lieutenant -Commmider C. D. Sipbee, U. S. N., CONMANDINO. 
DATR, May loth, 1876, p.31. No. OF POSITION# 0. h'o. OF OOSERVATIOX, 4. LINE LETTER, S .  4h 331 A.M. 

LIT. 

P. D. 

Em. 

)8lJX. 

4.01 i '  

i 
1 6 " l l C . F .  , OOR. DEC. I 18 40 51.3 

! w W'(W 

.05407 U T .  

108 40 61 L. COBII'C. .02¶60 , P. D. 

160 40 13 
- 

SUM. 

II 

24 00 00 L.SEC. 

76 24 30 L.COS. 0.40123 & S W ,  

ji T.ALT. I T. ALT.  I l"a d8 'f2 1 I ' 

~ 

3-14-18.0 

1 22-32-30.4 

I M E - 1 2 . 2  

[ 800"03" IYFiT. 

Q. M. T. n-92-30.4 

LONQ. T. /-I 6 6 1 8 .  b 

OBJECT. 
HORIZON. 

VALUE OF 
OBSX. 

Q. A I .  T .  

LONQ. T .  

X 

X 

X 

I I I 
i 01 20 14 I L.SIN. I 

.06542 

.w2.350 

0.30035 

0.94295 

l- ROR. PAR. 

TAB. SIX.' 

I 
l- 

SU.31. 

C O X "  I 60' W 

9d COR. 

10.42175 l i  CHAlZACTEIt OF I h. m. I. Id' ' I 0 BSE R V". 
440-20.6 Z. Slh! t. i 0.71087 ! 

I 164-19 .0  

: 1 9 d w 3 . 1  

I .  

DEPINITZ POSITION ON THE ABOVE LINE AT THE TIM3 OF OBSIiRrATION: 

LATITL'IIB 28' 12' 25" NORTlL LWWITUDB 88' 88' 00'' W Z S T .  

RlilNARK.8. 
PATBNFLOQ ,_______ -46.4. 

wried Observation 3 forward, bycourso and dlntance, to an Intsrsection wlth Obrenation 4, for Definite Poaitlon on Oborvatlon 4. 
[O\.F.B.] 
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L. ID. 
4-31-;i 

32 -18.6 

3J - 02 

93-b7.b 

34-64 

DEEP-SEA SOUNDING AND DREDGING. 

R E  MA R KS-  (Continued). 

OBJECT g d  

HORIZON - " 

OOIUP. BEARIND OF OBJEOT ________-____ Sa & 

I 0 I I1 

14 a4 10 

20 40 

2020 

OB 20 

13 68 40 

I w. ' 5 I V .  I c. 0. S H I P S  READ. 

I PATENT-LOO 48.4 

PRELIMINAR P WORK. 
- 

TIME AS PER SOUNDING-SHEET 4h 35m A .  M. -__ P.  M. 

14 17 60 . I ", 4-33 -10.2 

TlMES. I ALTITUDES. 1 CERO. COMPS. I REMARKS. 

Taken during tbunding No. 

Takm thorcly before Sounding No. 
Taken a h d v  after tbundinp No. 



FORM 11. 205 

0 I 11' 

DEO.(+) ' 1 7 4 7 1 7  

I OOR. 2 00 I- 
3-16-02.6 1 COR. DEO. 17 40 23 

800 00' W" 
72 10 37 
- 

[On this form the ItnlIce aliow tho prlntod matter of the blank fotm, whlle the written or recorded mntter Is reyrosonted by Roman.] 

E D .  

FORM 11. 

U. S. COAST SURVEY. OFF-SHORE WORK, GULF OF MEXICO. 

SUlUNER'S EfETHOD BY SQN. . 

LXNR FROM LALAT. 290 01' do", LONQ. 890 02' 35/', TO LAT. 260 Sf %", LONG 890 04' 35". 

COAST SURFEP STX "l3lake," Lieutenant-Commander C. D. Sipbee, U. 6. N., COXMANDINQ. 

DATB, May loth, 1876, 2 $ LINE LSTTRR, S .  No. OF POSITION, 7 .  Na OF OBSRRVATION, 5. 

EQ. OF 9. 
L . N .  T. 

Q.X.T.  

6. D. 

PARX. 

r. 0. 

REF. 

DIP. 

COR. 
OBS. ALT. 

9-48 

0-20-10 

3-10-22 

12 46 00 

I L. N .  T. 

\ 0. Bi. T. 

I L0NQ.T. 

I LONG. A.  WEST. 

.. __ - _- 
I' OWECT. X 

9-20-30.2; 

*E-bb-61.8! 1 I IlORZZON. X 

38O 67/ 6 V  WlBT. 1 T'ALU.%l.q$' x 

I 
3-1G-22 I 

Z A L T .  1 
ZIEN. 

L. EEC. 

L. COSEC 

L. COE. 

L. SIh?. 

A- 
L. SIN. t. 

I T.ALT. 

.Qb218 I LAT. 

.02130 ' P.D. I E r n .  
0.37212 ' 4 BUN. 

T. ALT. 

9.00016 I ZlEN. 
-I 

28 00 00 L.BE0. 

72 10 31 i L. COSBO. 

1 16304 I O  

78 32 29 i L. COS. 

1 DIP-BY ANGLE 
' /I WITH SEXTANT. 

DEFINITE POSITION ON TEE ABOVE LINE AT TEE TIME OF OBSERVATION: 
* 

LATXTUDR, 27' 48' 56" NORTU. LONQXTUDB, 8 8 O  5.9' 28;'' WEST. 

R E M A R K # .  
PATRNT-LOQ, ...... 70.2 
pound D4-roakonlng poeltions at time of Obervation 6 by running COUPBO and diatnnce fonvard Rom PoalUon &and b o k  it.om 

Posltion &. For a Definite Position on O b o d U o n  6 occopted a mean of the Istltudes thus found,allowing for timeintervala. 
[oym.] 
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R N M A  R KS-(  Oontinued). 

PRELIMINARY ‘II’ORX. 

TIME A S  PER SOUNDINQ-SHEET, g h  15m A .  M. P .  M. 

TlMES. 

b. m. a. 
3-14-30.6 

16-02.5 

25.6 

07.6 

3-16-02.6 

ALTITUDES. 

0 I /I 
62 40 

46 

60 

62 46 00 

, CERO. COMPS. I REMARKS. 



FORM 12. 207 
[On thin funri tho Itallcn show tho prlntod mnttor of tho blarik form, while t l io  writtou or rocorded innttor Is repronontcd by Roman.] 

FORM 12. 
U. S. COAST SURVEY. OFF-SHORE WORK, GULF OF MEXICO. 

X 1 

MEXIDIAN ALTITUDE O F  SUN, MOON, PLANET(- ), STAR (--- ). 
LINE FROM LAT. 8 9  01' 40", LOSQ. 890 02' %", TU LAT. 260 58' %", LONQ. 890 04' 36". 
COAYT SUIZVEY STR "Blnke," Lieutenant - Comincuider C. D. Siphe, U. S. N., COU+WINQ. 

DATE, May loth, 1876, x N m i .  No. OF POSITIOS, 9. No. OF OBSERVATION, 6. LINX LETTER, S .  
.-A. M. 

- .---I>. nr. 

O M .  ALT. 
COR. 

1'. ALT. 

%. D. 

DEC. 

GAT. 

- 

W W' 00" I ! REF. - 

17 61 03 :I CON. + 

F O I ~ M  F O R  a r o o N  0 x 1  P L A N E T .  

ZALT. 

z. D. 

I 

DEFINITE POSITlON OAT THE ABOVE PARALLEL AT THE TIME OF OBSERPATION: 
LATITUDE 270 34' 21" ~VORTH. LOSGITUDE 890 02' 30'' WEST. 

RIMARK& 
PATRST.LOQ. .. - _.. 85.4 
By cotiraBcn nnd dintaucon, carrld Observatlou G forward and Okaorlutlon 7 back to an iutorseotlon with Obervatlon 0. Fur 

Doflnlto Position ou Olmorvntiou 0 acceptod u U~OM of tho longltudes thus found, IIllbWhg for tlrno-intervdt!. [ovrs.] 
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REiKARKLJ-( Continwd). 

OBSERVER _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Robert G. Peck, Muter, U. 8. Navy. 
CONPUTER _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  same. 

REMARKS. , 

T I X E  AB PEX SOUNDR?G-S~EET A.  M. . P. M. Noon. 

OBJECT Qood. 

HORIZON " 

COMR BEAIXNN(3 OF OLUECT ____________-___________________________----- E. 
SHIP% HE( D. 

PATENT-LOG 86.4 

TAKEN DVItLNQ SOUNDINQ NO. 

TAKEN SHOIITLY BEFORE SOUNDING NO. 

T U E N  SHOIITLY AFTEE SOUNDING NO. 

TAKEN BETWEEN 6OVNDINQS NOS _____.___________________________ =--O & 10. 



[On this form the Italic8 show the prlnted matter of the blank form, while the written or recorded matter is represented by Roman.] 

Form 13 (A). 
U. 8. COAST S U R V E Y .  

OfmShore SowndiNg8, GwV of iKexico. 
PLOTTING FORM 

LINE S, FROM - - - - - - .  - -. near South Pass, Mississippi River. TO - - - - - - - - - - - -lati tude 26" 68' 25", loiigitude 89" 04' 35". 

I N  STEAMZR - - - - - - - - - -"Blake," Lieutenant-Commander C. D. Sigsbee, U. S. N., Assistant C. S.,- - - - - - - - - - COMMANDING. 

BEGUN A T  8 HOURS 40 MINs. p .  in., DATE May 5th, 1876, ENBEU AT 7 IiOURs 24 MINs. p. m. DATE May loth, 1876. 

I 
' Time of the observa 
! 

twn. 
, _  _____ 

THE OBSER muox. Courses and distances from prntiovs observation 
or change of the course. DEFIA'ITE YOb'ITIONS. 

Rending 
(If 

pn&,ll- 
log. 

- 
0 

5.1 

21.3 

22.4 

44.0 

46.4 

50.4 

70.2 

85.4 

.loo. 1 

110.4 

llG.4 

ieo. 7 

1W.7 

120.7 

. . . . . . .  -. - . . . . .  ..... __ - ... . . . . . . . . . . . . . . . .  ._ - ..... 
I 

First mluniis of remarks 
( to  guide in plotting). 

Second column of remath. 
(Dcacding the manner of getting tach podion,  #c.) DATE. i ~ Serial I f /  

Objects 
observed Hour 

I 0 , ,, !7 
South Pnsa Light Imre (cor. mag.) W. 9. W. f W. 
South Pnu Light boro (cor. mag.) N. W. by W. + W. Paes B I'Outre Light h r o  (cor. mag.) N. t W. 

Paea B l'0utm Light bore (oor. mng.) N. b W. 
5 .1  

1 G .  2 

1.1 

P'L. 2 

1.11 

4.0 

is. E 

15.2 

14.7 

10.3 

6.0 

8.3 

0 

0 

I i I 41 

47 

25 

35 

26 

15 

------. 

58 

A. El  

A.  M 

A. E1 

A. M 

A.  El .  

A.  M: 

r. x, 

21) 40 00 

EO 09 GI 
88 b3 25 

i .  
I ! I 

V.G _ _ _ _ I  V EO 00 45 
68 87 57 

; 27 40 00 
I 2 H 0 0 0 0  
I 

27 34 21 V.G _ _ _ _  VI 
i 

v.a _ _ _ _ I  VI1 
I 

I 

I 27 30 00 
27 i n .  00 

P. M. 

P. Er. 

89 01 40 
EM G8 25 

v.0 ____i VI11 

v .0  ____I IX 
! 

V . 0  _ _ _ _  X 

2 7 0 0 0 0  
I 27 20 00 

_________ I  27 00 00 
! 27 20 00 

_________I 26 GO 00 

i " lo @' _ _ _ _ _ _ _ _ _  i 20 60 00 

i 27 
10 00 

26 GO 00 
27 10 00 -------I 

40 

55 

A0 

06 

16 

EO 01 43 
HE 56 10 

r. )I. 

P. M. 

89 06 GO 
EO 01 35 

V.G _ _ _ _  XI 
I 

V.G _ _ _ !  XI1 
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TI-lE SIGSBEE MAOHINE FOR SOUNDING WI'I" WIRE; PA'l'TEHh' OF 1Wl. 

During the year 1881. a Sigsbee Sounding-Macliiiie was made for each 
of' the following-named organizations: U. S. Navy', U. S. Coast mid Geodetic 
Survey, and Imperial German Navy. Another is now being made for tlic 
U. S. Commission of Fish and Fisheries. Tlie leadiiig object in this sup- 
plement is to point out such improvements in these machines as are not 
embraced in the machine shown on Plate 8, &c., of the original voluiiie to 
which the supplement pertains. 

III the views 
shown on the two accompanying Plates the scale of dimensions is the 
mile  throughout the set. 

In the construction of the new.machines metal only has been em- 
ployed, a cast-steel bed, in two parts, replacing the wooden bed formerly 
used. The iiew style of bed allows the machine to be more compactly 
folded than before.' The strain-pulley has been abandoned andits former 
place on the bed is ndw occupied by the steani-engine and a special 
form of tightening-p~lley.~' An auxiliary brakc has been placed beneath 
the reel; a single spur buffer only is used at the foot of the guide-pipes, 
and the outiiggers to which the side stays are set up, and the castiiig 
i\r]iich  support^ the fairleader and swivel pulley, are iiow hinged or 
pivoted.J Tlie iiiteiition is to adapt the machine for foldiiig with the 
removal of so few p i l y l s  that, iii inexperienced hancls, there need lie IICJ 

doubt as to the positioii wliich kach part should occupy when the iiincliiiie 
is set up lor use, Steel castings are used wherever they C R ~ I  be utilized. 

The references herein relate to tlie original voluiiie. 

-- -____-- ---- -- -______._ - 
1 Conip. Plate 13. Puge (Pi, 11 4, and 11. 72, 1. Pngr 64, all i nid 8. 

(211) 
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mate 4s shows the right side of the machine. In Fig. 1 the machine 
is rigged for reeling in by steam, the reel being coniiecfed with the engine 
by means of a belt of round leather on one part of which rests the tight- 
ening-pulley.' The swivel-pulley is down in the position it would Iiuve 
when reeling in while the ship has headway.' Fig. 2 shows the niachine 
in temporary disuse, as in port, for instance. The reel, being unshipped, 
is supposed to be in the tank containing preservative? The register is 
thrown back out of the way.' The fairleader arrangement is thrown back 
on its pivot and the swivel-pulley is carried still farther to the rear on 
another pivot; neither are unshipped. The side stays are slacked and 
their outriggers are thrown up on pivots into a snug position.6 The two 
parts of the back brace or stay are disconnected, and the upper sectioii of 
the guide-pipes is thrown back where it remains supported, all parts of 
the niachine thus being accessible for cleaning. 

mate 48 shows the left side of the machine. In Fig. 1 it is rigged for 
paying out." The belt is disconnected and the friction-line is applied. 
The swivel-pulley is laid aside, resting on the left outrigger. The cl:mip 
is in use in the fairleader as if the reel had been stopped teinporady to 
repair a defect in the wire.' Fig. 2 shows the machine folded for trans- 
portation or stowage, the reel being in the tank. The cross-head pulley 
has been removed, but the cross-head itself remains in place.* In foldiiig 
the machine the reel aiid this pulley are the only parts that do not remaiii 
hinged or otherwise attached to their proper places; such bolts or screws 
as are necessarily removed are again replaced, after the machine has been 
folded; to secure them against loss or error is future adjustments. Thc 
front part of the bed has been thrown upward, carrying with it the guide- 
pipes. The guide-pipes are folhed in a reverse way from Ihat shown iii 
Fig. 2, Plate 42, while the outriggers, fairleader arrangement, and swivel- 
pulley are folded as shown in that figure. For iiiclosing the machine 
when folded, a box is placed over it and screwed to the wooden piece 
shown by the figures of Plates 428 and 43; This wooden piece forms the 

Comp. Plates 7 nnd 13. *Pnge 81, l l2 .  
"Page 67, 7 5. 

"Page 34, 7 6.  
' Page 77, 7 2. 

'Page 62, 7T 3. 
8Page 63, 7 2. 6Comp. Plate II. 



U. S. COAST SURVEY. PLATE 42. DEEP-SE-4 SOUNDING AND DREDGING. 

6 1  

i . .. 

FIG. 1. FIG. 2. 

SIGSBEE iMACI3INE FOR SOUNDIKG WITH WIRE: PATTERN O F  1851. FIG. 1 -RIGGED FOR REELING I N  BY STEAM. FIG. 2.-IN TEIMPORARI' DISUSE. 
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bottom of the box, but, for coiivenience, it is permanently attached to tlie 
steel bed. The outside dimeiisioiis of the box, when it is made of heavy 
stuff, arc as follows: lengfh, 4 feet 6 iiiclies; 'breadth, 1 foot 8 iiiclies; 
height, 3 feet. In this space are stowed such coiiveiiieiices as the steiull- 
engine, tightening-pulley, accumulator, dynaniometer, governor, swivel- 
pulley, auxiliary brake, etc.' 

*lie BM is well shown in the several figures of Plates 42' and 43. It is 
coiiiposed of two skeleton frames of steel, hinged together by bolts. Thc 
steel bed does away with the warping soinetiiiies experienced with the 
wooden bed when exposed to a hot sun. Warping of the bed throws the 
standards of the reel out of alignment, which makes the axle of the reel 
biiid in its bearings. 

Tlie eridae does .not differ eSSellth.lly fi.01~ that showii 011 Pltitc 18, 
with the exception of being vertical instead of iiicliiied.' 

TICS ttmteraiw-pwuey.3 A collar, sliding 011 tlie vertical shaft shown in 
the plates, has il. stud on one side which fornis the axle for tlie pulley. 
The teiisioii on tlie belt is maintained by the elastic pressure of a spird 
spring. Along the shaft are bored holes at regular intervals, iiilo ally oiie 
of which the pin shown near the top of the shaft may be inserted accord- 
ing to the amount of pressure which it is desired the spring shall exert. 
When the tightening-pulley is not in use the shaft is turned on its axis, 
carrying the pulley to the left side of' the machine, giving placc for the 
standing part of the friction-line, or the. spring scales-Fig. 2, Plate 42, 
and Figs. 1 and 2, Plate 43. A pin at the foot of the shaft keeps the latter 
from turniiig when it should remain immovable. 

TJ- orrtr*innern are of cast-steel; each is fastened or hinged to tlie bed 
by a bolt going through a longitudiiinl slot in the outrigger.J 111 use tlie 
illner ends of the outriggers rest upon studs projecting from the bed. 

TIbe uttmizln,~ brake uwd its me.-The brake is a lever of the first order, 
pivoted 011 a block screwed to the board shown 011 the plates. The end 
of the lower arm, which is fitted with a wedge-shaped piece of wood, may 
be pressed into tlie V-groove of the reel by force applied to the other arm, 
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but, in the absence of such force it is held out of action-by a spring. The 
auxiliary brake serves for immediate and temporary use in the cvciit of 
the friction-line or the connecting-belt parting, and in unusually heavy 
seas and under adverse circumstances it may be used in lieu of the  toggle 
tucked into the friction-line-described in the original volume. The office 
of the toggle-although it is rarely used-is to impose upon the reel il 
small amount of friction which will not be lessened by the action of tlic 
governor,' the object being to permit in heavy seas a rapid rate of paying 
out.2 The occasional advantage which may be derived from this acces- 
sory is well illustrated by such an extreme case as would make the use of 
the auxiliary brake desirable, thus: sounding from the bow; sea heavy; 
ship pitching violently; a heavy reel in use, and containing a large coil 
of wire which adds much to its weight at the periphery.:' Under these 
conditions, and when the reel is revolving with considei*able speed, the 
vessel rises suddenly, increasing the tension upon the wire which is 
being payed out; the cross-head is borne down, easing the frictio'li-linc, 
we will assume, more than is desirable, and the heavy reel, thus deprived 
for a second of nearly all frictional control, is set revolving with great 
rapidity. The 
reaction of the accumulator. acting as a governor is almost instantaneous, 
and the friction-line is. set hard taut ;  but before the momentum of the 
heavy reel can be overcome the wire slacks and perhaps flies from the 
reel. If, in the case stated, the auxiliary brake, which is independent of 
the governor, had been bearing upon the reel with a constant pressure, 
maintaining a slight resistance, the undue sbcking of the friction-line 
would not have been followed by such excessive revolution of the reel. 
To insure an even pressure of the auxiliary brake, the inboard end of the 
brake-lever-the long arm-might be connected with the bed of the sound- 
ing-machine by a spring of rubber or metal which could be set to any 
desired tension. It must not be inferred that the auxiliary Brake is a 
necessity; it is intended as a convenience on extraordinary occasions, to 
obviate the necessity for unusual skill or judgment on the part of those 

At this instant the vessel gives a quick, deep plunge. 



U. S. COAST SURVEY. PLATE 43. 

. 

DEEP-SEA SOUNDING AND DREDGING. 

FIG. 1. I 

SIGSBEE MACHINE FOR SOUNDING WITH WIRE: PATTERN OF 1881. FIG. 1 -RIGGED FOR PAYING OUT; CLAMP IN USE. FIG. 2.-FOLDED FOR TRANSPORTATION OR STOWAGE. 
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operating tlie machine. It has been niy purpose to add to the sounding- 
machine, when warranted by economy, every appliance which may save 
time or prevent accident. In many localities there is but a small propor- 
tion of weather during which astronomical observations can be had for 
determining the positions of soundings; it is therefore highly iiiiportaiit in 
such locdities to make the best use of favorable weather. 

QRAVITATINQ OR COLLECTING TRAP FOR OBTAINING ANIMAL SPECIMENS FROM INTER- 
MEDIATE DEPTHS. 

In the original volume, page 144, last paragraph, and page 146, foot- 
note, reference ‘is made to the invention of an apparatus for collecting 
iInin1al forms from intermediate depths. The apparatus has now been well 
Iricd and a full description of it by myself (accompanied by a drawing), 
and a statement of the results obtained, by Prof. Alexander Agassiz, is 
contained in the “Bulletin of the Mnseuni of Coniparative Zoiilogy at 
Harvard College, Vol. VI, Nos. 8 and 9, September, 1880.” 

I quote a part of my own description contained therein, as follows: 
b 

“The old practice of dragging for animal forms at intermedial depths 
hy  means of a tow-net, which, during the several operations of lowering, 
dragging, aiid hauling back remained open, was not regarded by Prof, 
Alexander Agassiz as affording acceptable evidence of the habitat of such 
specimens as were obtained, and he frequently referred to the subject 
during our association on hoard tlie ‘’ Blake“ in 1878. 

“111 March, 1880, it ’having been arranged that Professor Agassiz 
should make another cruise on board thc “Blake,“ Comiiiaiider J. R. 
Bartlett, U. S. N., commanding, lie asked my co-operation in devising an 
npparatus to meet the rigid demands of the work in question. This 
rcsulted in the apparatus described herein, which is presented in the prc- 
cise form used with success by the “Blake,” although, as may readily be 
seen, it is open to great improvement, especially iii iiiinor details. 

“The ‘Challenger’ had examined intermediate depths by rneaiis of’ 
tow-nets trailing froni tlie dredge-rope while hauling tlie dredge or trawl. 
In such a pr:iclice i t  must havc been that the depths to which the nets 



216 SUPPLEMENT. 

were sunk depended in sonie degree on the amount of slack-rope payed 
out, and also on the strain upon the dredge-rope due to the resistance 
encountered by the dredge when dragging; it cannot, therefore, be said 
that strictly determinate depths were examined by that method, cvcn 
assuming that the nets gathered nothing while being lowered and hauled 
back.’ 

“I t  occurred to me that by using an apparatus in connection with n 
line and lead; payed out vertically as in sounding, and by dragging verti- 
cally, instead of horizontally as formerly, there would be at least as much 
certainty with regard to depths as in the old method, and that simple 
mechanical devices could be invented to satisfy the conditions of the work. 
The scheme has been stated in my volume on ‘Deep-sea Sounding :uid 
Diedging’ (p. 145, foot-note), as follows: 

“‘Our plan is to trap the specimens by giving to ti cylinder, covered 
with gauze at the upper end and having a flap-valve at the lower end, a 
rapid vertical descent between any two depths, as may be desired; the 
valve during such descent to keep open, but to remain’closed during the 
processes of lowering and hauling back with the rope. An idea of what 
i t  is intended to effect may be stated briefly thus: Specimens are to be 
obtained between the intermediate depths a and b-the former being. the 
uppermost. With the apparatus in position, there is at n the cylinder 
suspended from a fEictiqn clamn~i in such a way that the weight of the 
cylinder and its frame keeps the valve closed; at b there is a friction bufer. 
Everything being ready, a sinal1 weight or messenger is sent down, which 
on striking the clamp disengages the latter and also the cylinder, when 
messenger, clamp, and cylinder descend by their own weight to b,  with 
the valve open during the passage. When the cylinder frame strikes the 
buffer at b the valve is thereupon closed, afid it is kept closed thereafter 
by the weight of the messenger, clamp, and cylinder. The friction buffer, 
which is four inches long, may be regulatea on board to give as many feet 
of cushioning as desired.’ ” 

The trap was first tried in Narragansett Bay, and sooii after was nsed 
for the second time at sea, several improvements having been made in 
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the meantime by Professor Agassiz and Commander Bartlett. I quote 
froin the Bulletin again, this time giving Professor Agassiz's words : 

"On the 1st of July the Sigsbee cylinder was tried for the second 
time in Lat. 39" 5 9  16" N., Long. 70" 18' 30" W., in 260 fathoms of water. 
The surface was carefully explored with the tow-net to see what pelagic 
animals and others might be found on the surface. There were found 
Calanus, Sagitta, Annelid larvae, Hydroid Medusa; Squille embryos, 
Salpae, and a few Radiolarians. The cylinder, filled with water which 
had been carefully sifted through fine muslin, was then attiched to the 
dredging-wire, and low,ered, so is' to collect the animals to be found 
between 6 and 50 fathoms. e The time occupied by the cylinder in passing 
through that space was 28 seconds. The cylinder was then brought up, 
and the sieves and gauze trap .carefully washed with water, which had 
also previously been strained through fine muslin. The water was care- 
fully examined, and we found the very same things which had a short 
time before been collected at the surface with the tow-net and the scoop- 
net; nothing different was collected by the cylinder. The Radiolarians 
(two genera) were perhaps more numerous than at the surface. A slight 
breeze having sprung up after the surface collections had been examined, 
the cylinder was then sent down a second time at this same station, so 
adjusted as to collect any animal life to be found from a depth of 60 to 
100 fathoms. Not only in this experiment, but in all the subsequent ones, 
the same precautions were taken in regard to itraining the water which 
filled the cylinder at the start, as well as that used for washing out the 
sieve and the gauze trap. The messenger sent down to detach and open 
the machine occupied 21 seconds in reaching the (GO fathoms) point to 
which the cylinder was attached, and the cylinder then occupied 30 
seconds in passing to the stop at 100 fathoms. On examining the sieves, 
it was found that the more common surface things, Calanus, Sagitta, 
Annelid larvae, Hydroid Medusae, and Squills embryos, were entirely 
wanting, and there were only two Radiolarians of the sanie species as 
those from the upper levels found after a careful scrutiny of the water. 
Nothiiig additional was brought up, The cylinder was then sent dowii a 
third time, lowered to a depth of 100 fathoms, the messenger sent down 

28 D S 
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to open it (time occupied W ) ,  and the cylinder traveled from 100 to 150 
fathoms (time W ) ,  so as to collect the animal life to be obtained between 
these limits. On drawing up the cylinder and washing out the sieve of 
the trap, not only did we find that the water contained nothing different 
from what had been brought up by the cylinder from the lesser depth, 
but it did not contain even a single Radiolarian. 

“On the 15th of July, in Lat. 34” 2 8  2 5  N., Long. 76” 22 60” W., we 
tried the Sigsbee cylinder for a third time, in a depth of 1,632 fathoms. 
With the same precautiods before and after using it, the cylinder was 
sent to collect first between 5 and 50 fathoms (time 30”). The surface 
was somewhat ruffled, and but little was found on the surface beyond a 
few Crustacean larvae and Heteropods. The cylinder contained Hydroids, 
fragments of Siphonophores, pelagic Alg?, Crustacean larvae, and Hetero- 
pod eggs; forms which differed from these scooped at the surface, but 
were identical with the species found on previous days at the surface 
under more favorable surface conditions of the sea. Next, the cylinder 
TIW arranged to collect between 50 and 100 fathoms (time of messenger 
21” from surface to 60 fathoms, time of cylinder 40” to stopper from 60 lo 
100 fathoms). The water was found to contain only a coupd of Squillae 
larvae, similar to those fished up at the surface. The third time the cylin- 
der went down at this station it was lowered to collect from 100 to 160 
fathoms (time of messenger from surface to 100 fathoms W ,  time of 
cylinder in passing from 100 to 150 fathonis 46”). The water when ex- 
amined contained nothing. No Radiolarians were found at  this station, 
either at the surface or at any depth to which the cylinder was sent (160 
fathoms). 

“The above experiments appear to prove conclusively that the sur- 
face fauna of the sea is really limited to a comparatively narrow belt in 
depth, and that there is no intermediate belt, so to speak, of animal life, 
between those living on the bottom, or close to it, and the surface pelagic 
fauna. 

“The experiments of using the tow-net at great depths (of 600 and 
1,OOO fathoms), as was done by Mr. Murray on the ‘Challenger,’ were 
not conclix4ve7 as I have already pointed out on a former occasion, while 
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the so-called deep-sea Siphonophorae, taken frorri tlie souiidiiqf-hie by 
Dr. Studer, on the ‘Gazelle,’ may have come, as I have so often observed 
in the Caribbean, ‘from any depth. I do not mean, of course, to deny 
that there are deep-sea Meduse. The habit common to so many of our 
Acalephs (Tima, Bquorea, Ptychogena, etc.) of swimming near the bottom 
is well known; Dactylometra moves near the bottom, and Polycloniu 
remains during the day turned up, with the disk downward, on the mud 
bottom. I only wish to call attention to the uncertain methods adopted 
for ascertaining at what depth they live. 

“AS far as the pelagic fauna is concerned, those who have been in the 
liabit of collecting surface animals know full well that the least ripple 
will send them below the reach of commotion; Muller and Baur were 
the first to adopt the use of a tow-net ‘sunk below the surface to collect 
pelagic animals when the water was disturbed. It seems natural to pre- 
sume, as we have found from our experiments with the Sigsbee cylinder, 
that this surface fauna only sinks out of reach of the disturbances of the 
top, and does iiot extend downward to niiy great depth. The dependence 
of all the pelagic forms upon food which is most abundant at  the surface, 
or near it, would naturally keep them where they found it in greatest 
quantity. 

“Of course, with the death and decomposition of the pelagic forms, 
they sink to the bottom fast enough to form ail important part of the food 
supply of the deep-sea animals, as can easily be ascertained by examining 
the intestines of the deep-water Echinoderms. The variety and abundance 
of the pelagic fauna, and its importance as food for marine animals, are 
as yet hardly realized. 

“ One must have sailed through iiiiles of Salpe with the associated 
Crustacean, Annelid, and Mollusk larva, the Acalephs, ,especially the 
oceanic Siphonophores, the Pteropods and Heteropods, with the Radio- 
larians, Globigerinae, and Algae, to form some idea how rich a field still 
remains to be explored. The variety of the pelagic fauna in tlie course 
of the Gulf Stream is probabfy iiot surpassed by that of any other part of 
the ocean.” 

4 
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PRESSURE ERROHS OF MILLEH-CASELLA THERMOMETERSa 

The following report is takeii from “Nature,” issue of April 21, 
It treats of a matter contained in tlie original voluliic 1881, page 595. 

on Deep-sea Sounding and Dredging, page 109 : 

“ROYAL SOCIETY, April 4. 
‘( Professor Tait communicated the results of his experiments on the 

pressure errors of the Challenger thermometers, the correction for which. 
as originally furnished to the expedition, was O O . 5  F. per mile of depth. 
The mode of experimenting was to subject the thermometers to consider- 
able pressure in a hydraulic press, which was essentially a strong steel 
cylinder that was warranted to stand a pressure of 25 tons weight on thc 
square inch. It was supported in an upright position‘ upon a strong 
tripod stand. Water was filled in from above; and into the upper end of 
the cylinder there was lowered a tight-fitting plug, which was fixed in 
position by a transverse steel bolt. The lower end of the cylinder was 
connected through a narrow copper tube to a hydraulic purne, which, by 
pumping in water to’ the cylinder, raised the pressure to the required 
amount. At three tons pressure an average effect of 1O.5 F. was produced 
upon the inclosed thermometers. Before drawing any conclusions as to the 
correction to be applied in deep-sea sounding, it was necessary to consider 
how far this effect could be explained as resulting from the peculiar con- 
ditions under which the experiments were made. From the known com- 
pressibility of glass it was calculated that the volume of the bore of a 
thermometer tube, closed at both ends, would be diminished by only one- 
thousandth part for an increase of pressure of one ton weight on the square 
iiich; and from a direct experiment made with a metre-long tube this was 
proved to represent very approximately the real effect. Hence it was quite 
out of the question that this could have any appreciable effect on such 
comparatively short thermometers as those of the Challenpr, which were 
besides subject to much graver errors, such as those arising from the 
shifting of the indices during the ascent from the depths, or even from 
the effect of parallax when taking the reading. The direct action of 



SUPPLEIvlENT. 221 

pressure may then be disregarded, and the effect produed upon the ther- 
niometers in the compression apparatus must be due to secondary effects 
of pressure, such as evolution of heat. The various sources of heat were 
four: 1. Heating of the water by compression. This depends greatly on 
the original temperature of the water, being ?id at the point of niaxinium 
density (ao F.) and larger for higher temperatures. One-fourth of the 
total effect is due to this. 2. Heating of the water due to pumping in 
through the narrow tube. This accounts for three-twentieths of the 
effect. 3. Heating of the vulcanite frame by compression. This explains 
another fifth. 4. Heating due to the effect upon the protecting-bulb. 
This probably explains the remaining two-fifths of the effect. In this 
last case, however, there is not oiily compression but distortion; and of 
the thermal effects of. such a strain no one yet knows anything. Tliesc 
four sources of error caiinot be supposed to exist under tlie conditions in 
which deep-sea temperatures are taken; and the only other possible source, 
that, namely, due to the direct effect of pressure, gives rise to an error 
which requires a correction of only OO.04 F. per mile of depth. In the  
course of the description of experiinents Professor Tait had occasioii to 
describe tlie various kinds of pressure gauges which he had found it 
necessary to devise, the ordinary forms of gauge being altogether. useless 
for scientific work.” 
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