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AV\Mii\(,To\, .iiiiv nil. i>r,n

ruoKKsson JosKi'ii IIi:m!v. 1,1,. I)..

Si'rrrtiii-i/ tif the Sniitlisniiiiui histitiitioii

:

Dkak Siu: The records „r tli.. ti,l;,l ohsnvations m;i.l,. uu.lov llic .linriioii of
Dr. Kane, ill tlic second ( iiiiiricll F,\|,r(liii„i, to th.> Arctic K.-ioiis. wciv plarcd
ill my liand- l.y liis late laiiieiiled father, ,Iiid-e Kaiic. in DeceiuI.er, ls.-,7.

Dr. Kane liad selected Assistaiil Cliarics A. Scliott. of the V .SA\y.x-.[ Snvws
. tor

tlic r.Mliiction of a co.isideral.l,. imrtion of the ol).ervali,.ns „,ad,. on that ex",,edi.

"<"•; •""' '. Ilinvllnv, ,,lace,l them in .Mr. .S.hottV possesion for rednctiou. and
''''""Hend his paper for pul.lieation in the " Smithsonian (•ontrilM.li,.ns |„

KnoNxhMl-..." 1, is proper to state that the computations u.re at tile expeiis,. of
the Smitlisoniaii Institution. This is the sixth and last paper of the series.

\'ery respectfully, yours.

A. I). IJACllK,

tSiijH'hnlriul,',!! r. S. Cinut .Skcicv.
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RF.COUI) AM) RKDrCTION Ol' TIIK TIDKS.

TilK ol)M'r\ali<ins iniil (lisciissiiiii of tlic ti<l('s at \'iiii lii'iissiliirf llarlmv, tlic

winter i|Uiirt('rs (il'tlic .\<lviiiic(' cluriiif; lS,V}-.")t iinil IM.") l-.">.'), will Innn iIjc liist nf

llic scries of impers on llie results of tlic «'\iieililion. preimrcd liy nie lor pnliTK atiim.

Oceasioniil tidal ()iiser\ations weie made after |ias>iiiij Sniilli Straits, when,

owin;; to the jieculiar naNiyation tliroiiitli the narrow <i]ieniny;s jieiween the coa-.t

and the hay ice, the \essel was nineli exposed to the tidal ailion. i're(|ueiilly

j,'ronndin;j at low water, and otherwise , hy taKin;,' advantage of hi^h tides, slowly

uihanciiii,' to her winter cpiarters.

'I'hf hay, near the h<ad of which the Ailvanre was laid mi, and used as the

winter (juarters hy Dr. Kane's party, i^ freely exposed to the nortji (true) and

northwe>l; the indentation ol the shore line i^ almnl li\e miles; xnne roi 1»_\ inlands

are situated w ilhin the liay.

Shortly after the \e>-il intend the harlior a tide stalf was arranged, anil a

series of tidal ohservations was commeni ed on Seplendier 11, \><'t'-\. aial eontinmd,

with occasional interrnjitions (|iartly owinj,' to defects in the pnlley-i,'ani,'e, after-

wards rii;;,'cd tip, and partly owinj^ to other unaMiidahle aec idenis) till th<' 'JItli of

January, Is.").'), on which dale the rei,'nlar loj,' hook appears to ha\e hern discon-

tinned.

'I'he several serii's of olisrrvalions duriiii; tJiis period are ot' \er\ une'|Ual Nalne,

ns will appear in the detailed examination ami diseu—-ion ol' the results. The
(lillieulties to he overeonu' in the atlempt to secure a relialile set of olKer\alions

were con->ideralde, tlin-.e of a pjiysieal nature heini,' the i^reatest. The (ihNer\ations

with the stalf or soundint; line are sidijei t to irre^;idarities fidin a slow movenwut

(if the vessel, which, thoui,di iinliedded in ice during' the i,'realer jiart of the year,

is \et not stationary; these ohservations nniN aKo he alfected hy the softness of the

hollom; the ohservations liy means of a pulley tide i,MU^je nniy he defective, on

account of a slow drift of the vessel ami motion of the ice tield, also in consiMpu'Uic

of a leuf^theuin'i; or sliortenint; (d'the rope, or it ma\ he in couseipunci' of slippiiii;

of the rope on the circumference of the wheel. The latter (hfect, or one similar

in its nature, has heen u source of much annoyance, reipiiriny; the a]ipliiation of

correcti(ms to the roadinijs, in (ader to refer all ohservations to the same /evo of

the scale. Tiiere is another del'ec I to whiili pulley-^anj;es are sidiject, nanndx, the

gradual rise of the vessel, in tonsecpience of tlu' consumption of provisions and

fuel. Notices of tlicse d("fects will appear in the suhseipu'Ut discussion.

The jiulley-f^auge is desciihed hy Dr. Kane, in volume I of the Xiirrntlfr, |).

117, ns follows: "Our tide rej^ister was on hoard the ve>sel, a simi)le pnllev-gaiigo,

1 .
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5j i;i:coi!i) and i; i; nrc iin \ ni iiii: iiuks.

KriMIlU'i''! \\\\]\ ;i wllirl illlil illilrs. ,111(1 I l('lPrn( Irlit nil llir \'\-r mill lilll I'lir it'*

nilillinli."

Ill mill T til a^i rrlaill llir lliilllli' ni llir tiiii ^, :i- \mH ;i^ llir ili^nc ul' lircilliUN nl'

llir llillrlrllt nl l>cH .1 1 il HI*, lln' Iraililllt^ \\l\r IcHlyllU plnttl'll lill' i\ ti^^t CN.IIII illll-

lidii ; llir Inljiiw in:; ~i I ii s ^M'l^ I'm mil Miilalilr Ini- iliMM>siiiii ;

—

SiKii- I. /V.-/H n.i.il,,,' \\\ll,. l^.i:;. /,) Dfrriiilnr -J^l/i. \s:,,\,—'riii, Miii s. \»ii|i

the cMilitinli (if llm T (lil\s, i> ( i'm|iliti' ; llir (ili>rl\alimi«< ill llir latin' pall 111'

|)i'('i'iiiliir a|i|M'ar In lie nf li'-oi rclialilc ( liara ti r. Tin' oIim r\atimis li'twri n Sc'|i.

Iillllirl- I! anil ( li Illlil I- 1. !*»."):!, arc tun lVaH;ill('lltai'\ In lir ll-rd. 'I'lii' |iMllr\-!;illl^i'

nli>('|-xaliiin> lirlwriii ( )( Inlii r I ami OctnliiT !l m nii In Inur liciii iuiIn Ainii-

iiii'iital. Tin liniirl\ rcailiiii,"* an' <ii|icisc'i|( i| hy liall-limnly readings nii NnM'iiilii r

s. ami (iHiliiim' lialf limiiU. ilay ami iiiL;lil. In tin' cml nl' llir mtIi's, AClnr

NnMiiiliir '.N. cmrccliM' •.niiinlin;;^ win laKi n al muiii cai li ila\. In nnlrl In

iiiaki' ii~i' nl' llir-r -mimliii:;^, tin- imai, ili |itli nl llir \xali'i' al llir am limai;!' was

ill dm 111 limn llinn a^ l'ii||n\\> ;
—

M ..II r. iilihb'

111! I iiiliiT, I ..;, I,: s ii'ii, n :;| ,iiiiiiiliii;^- (iii iiuum).

•liiiuiai'V, I ".il II '.I J

I

Ki'liiimry, "
1 1 .1 17

Miii-ili. " i:i.:! I'.'

A|.|]l. " II H -Jll

Miiy, " i:i :• !•

'I'lii' iiiiliviiliiiil Miiihiliirj'-i nil! m|'|'I'iii' in lln' n nl l'<>llii» Iiil''.

Mian ill |illi nl' wati'i- al amlinraLri'. in wiiilir, I ^•"):!-.'i I. lo.li fnt, a-, nlitaiiii'il

I'liiin I I 'i ^mimlini;'^. 'I'ln' nimitlily iinaii \alm'> I'm' tin' liilal IrNcI accniil ui II,

ami vliinv lliat mi lalria! i liaiii,'i' IniiK |ilari' ill tin' |iii'«ilinii nl' tin' liliy; (nr il-c tliat.

llir liiillniii x\a^ IimI). it will III' Mill llial lill Siiii". I till' iiailini,' "i.ll was

ailnplril 111 i'\|iri '.s llir im all I'M 1, llir /rill lit' llir --lalr was, lliclrtnlr, at all rli'\a-

tmii 111 :!li li li 1 I linni till- linliniii. 'llir rrailiii:;s nl' ihr [iiillry ;;ii;i;;r iirc rxpirsM'il

111 IrrI, as I llavr lirrli inrnlliliil li\ Ml. Snnnlai,'.

Si:i:il:s II. r'nnii .Iniiinin/ \!^//i, 1 vVI. /» .1/;/-// "I^//. |s.')l.— Tlir ilmililr lialt'-liniirly

rracliiii;s nl tlir imllry .;;ani;r air cniitiiiin n ir Mill'-. Is rniiiji Irlr witli llir

r \rr
I

ilim I nt' till ila\s, \\ hii li hall to lir iiiiiiltril. 'llir ri:,'i>lrr liiiiUr .laiiilar\ '.'.M ;

I

nlisrIAatinlis ( niiiinrllrril .laiii|ar\ '.Mill. Iilll Wrrr liiil snllnirllll irunlar tin' usr

iiil

' Till' fiilliittiii;.' null' is n|i|ii'iiili'i| ; Oiif i'ihI nf llir I'nnl rrjiri'si'iiliil 11 lixiil |iniiil, liy lii'ini; iini'luiicil

In till' linlliiiu; llic frcr cinl, willi an iillarliiil wi'i^ilil, niM' iiml till willi llie lui}.', iiiiil rci'iiiiiiil its

liiiitiiiii nil till' irrmivnl riniiiiiri'ri'ni'c iif ii nlii'i'l. 'I'lii'* iiii'tliuil wiis liulili' tii iiliji'i'timis, liiit it »ii»

(iirnrll'll liv ilailv Millllilillf.'-i. Tlli' lllnvi'ini'lits nf mir \i'S-il |iartiiiik nf IIium' nf lill' llni' ill wlilcli sllli

WHS iiiilii'ijili'il, anil wiTc unai'i'iiiiijiaiiii'il liy niiy liili'i'al lii'viiili.ni.

' Tim lullimiii); is mi extrui'l ri'inii .\lr. S.iiinta)i's IcltiT to ,
'laliil .Srw Vnrli, .Miiri'li 'j:!, Isiill:

"Till' cirriiniliri'iit'i' of llir wliirl (uf llir |iullr.v-t.'iiii(:r) wus iliviilril iiiln li it mill Iriilhs uf ii I'uiil, anil

till,' rrriirils liy the siiiiiiilin^r liiir iirr nUn i'\|ii'i'ssii| in I'lrl iinil ili linniN. Tlir rii'iilils nf llir wlirrl

arr vrry uiicrrliiiii, as ollrii llir i'ii|'i' -liil mrf tin,' wlirrl \\iili..iit liiiiiinu: it, inin;.' In llir icr wliirli

hiirroiiiiili'd till" n.\i«."
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iiv it'*

IK N I'l'

[i:irt
111'

11 Si'ii-

.i.''.illUi'

• \|it'ii-

iviMiilii'r

\ftrv

.ll\ll til

ixiiv WllS

(.lltililll'll

Hill ^^l II.

, l>c lli;it

Mil rli'Ml-

• \pir»~i(l

ilt'-liiHirls

with till'

u;ii> •-'•-M;

11- I'nr UM'

iiiir
iiiii'ti'iii''l

,-,,-,,lllr.l iU

,,., lillt il «118

in wliii'li slin

,1 ,1 I'liDt, mill

,,f till- ttlii'i'l

l\i(. id' ttliiili

until .liiiiiiiii'\ ,''^lli. 'I'll!' rinri'(ti\c soiiiiiliiins at iiiHiii me (iiiiliiiiicil. with ticcii-

Nioniil (iiiiissiiiii-*, tliriiii;,'lii)iil this srrics, At'ti'i' April 'tli tluTf U ii biciik in ilii'

iilMci'Viitions, those lii'twri'ii llir I |i|i Miiil '.>l)th ii|i|ir;ir til hr inc^nliii'.

Skiiiks III, I'l-iim Ajinf -.'ii/A, \'*.'t\. tti .'iiiiiiist Ail. Is.'il.—'Hie ilonhic Imiti-iiouriy

ri'ailin;;s nl' tlir |inll<'\-^'iin^'r cniiliiini' Id May '>lh, Mi'tri' ^^hilh ilali' sin^'li- liiiil-

lionrly riinliiiys mr rciorihil. 'I'lii' ciiii-iclivr Minniiiiiirs cim^-i' mi liir I'Jih <il" Miiy.

liiliirii|itinns iiiriir hilwi in Miiy llh ami May "ilh, aNn mi .Inly sih, ai^n lirlwi'i'ii

.Inly I'llli anil l^lli. ami Ipitwicn .Inly •.'tlih and llir •.'''<lh. On llh' ^lii of Aiii;n-t

till' Iniy: \\a< ii li'a.-r(l iVmn hrr iir ciaillr, anil rnsi' tvMi iiliil a halt' I' it ; (iira^imial

>\ar|iin;,'s nC the hrii; al'lir thi^ date rmili'i' tlir nliservalimi \\iirtldr>s. On ilic

V:!d 111' Anijiist tin Ini;,' \\as in Init srMti liet of w.ilcr. and yrmindrd.

Sk.iiii:s 1\'. /')•"«( Sijitiinhfr 'itli. !>'.") I. ^; (hlnhvr 'J'.'i/. In.'iI.
—

'I'iir liunily iiIki r-

\atimis asMiiiic a^ain a nimi' ii'i;nlar aii|i('ai'aii(i' iiii the llh nl' .Sepienilier; they

^>ere takiii A\itli the Miiiiidiii:,' line, and are eNin'e^iscd in liitlimns and leet (as stated

ill a niite. Aiii,'u>t r.'lli). 'I'he liillowini; mile is ul' Oiieln r "Jlsl, Is.'ij ; •The tide

le;,'istn- as Mt mil riiri,'id, ohservatiniis xevy I'anlly hy MinndiiiL,' line," The i'v ,'ii.

larities ineiease al'li r this date; mi the l.'iih nl' Noxeniln r liillowini;, the inle

register was anaiiy;eii, and iiliMivatinns (iimirl\ ) emiinieneed nil llie I llh; the >lii).

]iilit; 111' the iniie, liiiwiMi', was iif sn lVei|nent uieiiri-em e allil 111' so y;ieat an extent,

tiial il NVas eiill-iilired lietler In lal»e lln I'lirlheV lint iie ill these iili-.i r\ at imis ; t||(>

lenilil enntinnis tii .laiiiiarx ",'1111. 1 "s'l'i, \\liiii the ^lieii;;tli nl' tlin |iait\ im lolii,'er

]ieiliiitleil due altelllieil In the tidal iilnnmiuna.

It was a|i|iarent that In I'oi'e any clnser in^iLrhl inln the iiatnie id' these tides

cmild lie (.''tiiiiieil. the) liuisl lilst lie vi iliiied In the same /em iil' mean le\el of

the sea, 'I'll elli I I lllis ill a manner alipanntly hest snitili;,' the ease, and iitliet«iso

iimilijeitimiahle, two eiir\eil lines weie tiaiiil on the diaL;raiiis, t'le upiiev one

cnM'liniint,' the lii^diest liiyh water of each day, tlie nlher emeliipiilfj; the liiwe>t

low water 111' each da\ ; in ti.H mi; these lines some alluwaiiee was made, when
iieiessary, liir distnrliiii^' eanse^, so as In nlitaiii tnlerahly smootli ri,r\c.s; casi's of

iilirn[it clmnjies were, of coiiise, tnated acciirdiiifjls. A line, ei|nidistant fi'oiii

these ciii'ves, was assumed as repieseiitin;; the mean level, and when stiai;;hteiied

tint was adopted as a\is of the mean li m1 nl' the sea, 'The enir i timis In refnr

eaili iiliseivaliim to this aiinpted mean level; or, in other words, the correetimis

Vi'unired to refer eaelt oliseivatimi In the same zero of the scale, so as to make iheiil

(oiuparahle with each other, were taken t'roin the projection, and ave given in the

(iilnmii headed " lediictimi," in the fnllowiiii,' record.

This method of treatment exchules necessarily in Series 1, 11, and III, any dis-

enssioii of the variation in the nieaii level of tin' sea, the oscillatioiis of which iia\e

lieeii fonnil small at other places. As an illustration of this, the tides at .Sini,'a]iore

liiij;lit lie referred to; the Uev. W. W'hewcU (llh series of researches on the tides,

Phil. Traits. Il/ l/ii' liiii/. Sue, I'art 1, XKi'i), linds for these tides that, if a line is

diawii representing; the mean hi'if;lil (midway hotween liiyh anil low water each

day) il is \ery nearly constant, though the successive low waters often dilfer liy si.K

Jmf
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fi'ct (on nrrmiiit (tf tlic (liiinml iii(HHi!iIit\ ), the iiicnii level only oscilliites tliroufjh

!i few iiielies. It n]iiieiirs iVom Mr. Lloyil's ]iin)er (I'A//. Trans, of ISUl) tliat the

itieiin lt\cl iit f<lieeiiie-.s is liii;lier in s])i-inf; tides than in neap tides by seven inches

nearly; also there seems to lie no donht (as shown hy Mr. >\'he\vell, I'/iil. Tniiis.,

Ix'-V.) anil isl(t) that the mean leM'l inereases as the moon's declination increases,

nnunnitini; to three inches at i'lymonth, when the moon's declination is 'J;")" ; at

l'(tr(i|i;ndiil'sk and Novo-,\vkliaiii;clslv tin? mean level rises as the nioon'.s declina-

tion increasi's.

The nse of the sonndin^s intended to furnish corrections to the readin<;s of the

l)nllev-i:a'ii,'e is in many cases a douhtful remedy, on acconnt of the conlinned (•han<;e

in tlie zero of the wheers index; in fact, it would Inne rerpiired numenuis sounilinifs

at other hnnrs than noon. .\s it is, a condiination of the corrections hy (Mneloping

cur\es and sonmlini,'s had to he ado|ited. 'i'hus, for December r)th, soinidinf,'s at

noon I:!. It fret (see record further on), mean level ;!().(!, hence readini; of scale at

noon (i.l; riadiii:,' of |iulley-','anf,'e at that hour l!l. (I, correction by curve — I'J."),

(orrec ted r( adiiii,' (i.;"), which agrees with the tirst nundier; tliis is, liowe\('r, a very

fa\oridile ( a^e. I'or intermediate hours the (orreeliou as ^'i\eii bv the curves serve

as ^Miidis. 'IIk reduction to the same level atl'ects tlie times ;,'enerally \ery little.

The following table contains tin- soundings taken at noon between the interval

(if the first and second serii's, those taken during the series being given in the

record.

Sdl NIiINds .U' Noon.

lsi:i. 1 alll tVrt Inch H.-KiflcT,

lll'1'Clljlil.T, i'.i. 1 ;i (1

;iii. s (1 II Is. 1 (clmllgl'll.)

:il s •_' 1)

Is.VI. .lull. 1
s

1 t;

'2

7

1

r,

1. t II ciKiiiiri'il to liM.p

C.

(

l'.

1

1

J

r, ChiinL-iltci 111.5

1

s. .

>

. .

.

tl. t'l I
.»

1" 7 11 II

II

12. 7 4 II

The follow! Mi,' souuc iugs were taken

IV.I l-„iii F.,i IlH'll,'«.

Vjiril .s r, :i i;

',). C 1

Id. 7 (1 «

11. i; ;, fi

i:) 7 4 II

II.' 7 r< r,

l.V s (1 •1

'lury III

II.

bV

ID.

I".

Is.

i;t.

Jii.

•J I

•n.

if).

2f>.

;i

IlK'h Uvjiij-ler

II Cliuiij.'i'd In 10

'I'icli' ri'u'i.-ti'r liroki-ii.

second and third series:—
l-.',| Fall. F.-.l Iiii'lirv

April 1<;. 7 f) tl

(I'all If) fi'ct 8 iiiclie.i.)

(17. a II

at 20 iniiiuteH to 5.

)

(is. C,

at s'' If)"- v. M.)

in. C. -2 II

{liijw wattT Id high walir 14 ft. .>( inch.)

i

' Inr 111!' |iiiM li'ii iliivs ihr tiilc ri't'istor lias iiul liceii rcliuljlc mi in'cuuiil nf llic riipe sli|ipiii(f.

tl
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The note of Fel.niaiy Hd, lSo4, is very iiiHtnictivc in n-uid to the effect of the
(kIcs oil tlie iee Hor, viz: "The enormous elcvntion of tlie huul ice by the tides
has raised a harrier of broken tables sevcnty-two feet wi.le and twenty feet hi-h
between the brig and ishinds. This action lias caused a recession of the main
iloe:ourv,.ssel has changed her position twenty feet within tlie last two sprin-
tides, and the hawser connected with IJtifler Island parted with the strain " The
cutwater of th^- brig was tlien :iHO feet from the margin of the ice (Note of
J'l^bruary itii.)

'
' ^

The mean of all the soundings taken during the fourth s.'ries is very nearly
hfteen feet, hence th.; constant index error, to refer the observations to the level
previously adopted, is eight feet, which correction was applied, comertin- ut the
same time tlie record of fathoms into feet.

"^

Th. following tidal record extends, therefore, over about nine and a half luna-
tmns betwen October l(t, lSo:j, and October •.>.>, IS.VI, during which infrval the
time and height of nearly iive hiindre.l high and as many low waters wcie secured

l{tronl of the Observations of the Tides at Van Rensselaer Harbor, North Greenlmd,
ill 1S-,:J, isr,f, anil Lsof).

I'dSITION or THE WlNTEH QlAKTEIlS,

I.utilii.U. Ts: 37 liortli, an,l loiifritmlo In ' .W, or 4" 43"'.5 west of fircTiuvicli.'

I he first column fur each day is copied from the original log-book, the secon
rohimii contains the reduction to the adopted zero of scale found grai-hhaJlv a,
explained and the third column contains the ..bservatioiis referred to the samemean level.

uul

as

nic

' Soe ,ny ,lisrussi„n of iho aMr„nun,i,.»l ol,scrvatiM:» of the cxpcilitio,, i„ vol. XII of the Smith-
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M^

SkIIIKS 1.—Tlli.U. Oll>KHV.\Tl(i\.-i KlIiiM OcToIlKU 111, IS.'i:!, T(l IH.l-HMIlKll JS, 1 S.'i;i.

Hourly ob.serviilioiis lui tlic |iiilliy-,L'ani.'i'. Ailniitiil ri'iiilin;: iif inciiii li'vrl ".11, c.xiirc.s.si'il in iiiiita

u( llii' .<rMli'. Imri'ii.sinir iiiiiiiIrts iniliiali! ri.sc cif wiiUT.

October, 1853.

M.an li'lli II.'I. IM.
• iiliir '" "'-'

mil. li.'.l It.f,

t.. ..I..I.

IJili. Hi.l. Ii.r

til iili^.

null. It.'.l. ll.r

ti. i.l.ii

mil lu.i, |{..r

t.. III.*.

ITlh n.'.l. ll..f.

til III..

liiiiir. l..v,.l. ii..,.i. llMvl. l.-v,.|. l.iV.'l I.'V.I.

1 .'..4 — l.ii 4.4 .'..(1 —1.(1 4.11 7..-. —1.11 cl.2 7.11 — I.S .'i..'. ... . . -

•J i;.i: -1.11 .'..: .'.4 ' 4.4 ,'..11 •• 4.11 11.4 "
i

.'..1 .'..4 • 11.11

:i 7.li " Ii.l! .'..,'. • 4..'. .-. 2 " 4.2 .'..II '•
1
H.7 4.4 ' 2.11

4 -.1 •' 7.1 tl.li " .'..11 il.n " 'l.il 4.2 4.2 2.7
.', '-.7 7.7 ii.:* 11 .'i.i* 7.'i " tl.ii 7.n •• 1

(l.'l 4.4 —1.11 2.S ... 1 1

,: V.7 7,7 7.:i " il.:i S..'. " 7..'. -.11 " 7.11 11.11 - - - : . -

.

7 s.~ " 7.7 7.7 " 11.7 -.11: " 7.11 -.7 —1.4 7.11 7..'. " .'..11 ... 1

,s 11.11 " h.ii 7.7 " tl.7 ».li| " ' 7.1.1 1.1.4 " -.1' 11. il " h.ll ...
,
.-

.

;i i;.4 •• .'..4 7.il " il.'i 111,.-. " 11.1 11.2 " n.il . . . '

1

111 .'..11 •' 4.'.i il.il " .'».() 7.H —1.1 11.7 111..'. " 11.1 11.4 •' 1.1.

^

. .
.

}

n .'..7 " 4.7 Ii.l " .'..1 11.7 " fi.ll lli.H " -.11 11.11 •• 11.7 ...

N....I1 4.S .'..s " 4.S .'Ml 1 4..'. 11.11 " -..'. 11.11 _1,7 ii.;t ...
1

1
ii.7 ' .'..7 .'..> " 4.S .'..:i " 4.2 7.11 '..2 11.4 •• 7.7 ... - . -

J 7.:: '• 11. ;i .'..s '• 4.S .'..Ii " 4.2 11.7 " .'i.M 7.4 " .'..- ... i ..

.

;j ».;i ' l.'j ii.:l " 6.:) .'..:) " 4.2 .'..'1 — i.r. 4.1 li.ii • 4.11 ... 1 . .

.

.) ...:! ^.;l 7.7 " 11.7 .',.11 " 4.2 4.i; •• 11.1 4.4 • 2.7 ... ...

111.2 " ;i.2 11.11 1' H.lt 11.4 —1.2 .').2 11. .'i ** r..ii 4.11 '• 2.11 4.2 —2.7 1..'.

.; 111.2 " 11.2 lii.l " 11.1 7.- " ii.il 11.11 " 7..'' .-..n '^ 4.2 4..'. •
1 l.H

7 111.2 • 1...2 111..'. " 11..'. 11.11 " -.7 111..'. " 11.11 11.2 " 7..'. 1 .. .

.

^ .!.:• " ^.'.i 11.11 .. ;..s 11. Ii • iii.i 12.11 —1.- 111.2 11..'. " 11.-

;i -.^ " 7.^ 11. >* *' ^.li 11.11 —1.3 111." 12.4 " lii.H 12.4 " lil.ll 12.11 " '

11.11

1" 7.'. " li..'. 11.11 " *..ii 11.11 lil.ll 12.4 •• lil.ll 1.1.1 •• 11. :i 1:1.11 .. |,i,:i

II i;.;i " ."..:! 7.2 " il.2 11.7 " -4 12.4 •• lil.ll 11.1 11.11 l:i.4 " 111.

7

.Miln-I .'.: 4.7 .'...: •• 4..; 111.4 • -.•.- 11." -l.n 11.1 1:1.4 • 111.

7

October, 1803. 1

.M.an
' .

.
1 ji r

1 :

IMli. U...1 Il..f.

1" III.*.

imh. Ko.l. Krf
til t.l.^.

Unih. lleil IL't

1 .
. .

1 1 1 .«

.

Jbl U.-l. Il.-f.

(.. nil.

2i;,i li.-i ii..r 2:1.1. ii,..i. ii.if

III 111..- 1.1 nil*.

lii.ur. Ifv.4. I.V.I. Irlrl. 1 ll.Mil Ii-Vfl. level.

1 11..-. -2.7 ".l- lil.ll —2.2 II.4 111.- — 2.H 11.5 11. -i -1.7 11.11 I11.7 -11.2 lll..'l 7.11 4-ii.li 7.H

J >..'.i " 11.2 12. .- 12.11 " Itl.ll lti.2 " lil.ll -.11 " -.-

:i i:.- " 4.1 r-.'.i - 11.7 iM.r. "
: H.2 \o_s — l.'l 11.2 lil.ll —11.1 11. U n..-. " lii.K

4 .'...'. " 2.^ 11.11 •' 4.4 -.11 '- .'i.7 IMi —1:.'. c.l 11.11 " ^.:i 11.11 ,.J.(l,;| .1,1,1

4.4 — 2.i; l..>. 4..-. " 2.:i 7.11 .— ii.ii .'..7 11.7 -1.4' .'..11 W.ll (t.M s.n Ii.l' " 7.-

.: 4.4 • 1.- :i.- " l.il 7.1* "
1

fi.7 4.11 "
; 11.2 7.11 " 7." 4..'. " .'..4

7 i;..'. •• :iii :l.^ ' l.il 7.1' "
1

."i.V 4.1 —l.il: 2.» .'l.n " i.i' 11.4 " 4.:)

N S.7 C.I 4.7 '• 2..'. -.11 '• 11.7 4.1 — 1.2 2.!l .'l.il 4-11.1 -..1 :!.ii " 11.11

;i 11.^ — 2..'i ii.:( .'..:l •• :i.l -.7 " i>..'i II. 7 .'...'! ll.ll 11.4 Ii.l " 4.11

111 11.11 .. v.s -.7 " t;..'. -..'» -1.1 7.4 4..'. 4-11.2 4.7 11. S " 4.4

11 ... ... lil.ll ' 11.4 12.11 " 111.7 mi- 11.7 ll.ll " li.i'i 11.7 • 4.ii

N,...ii 14.4 '• 12.2 lil.ll " 11.4 ll. 7 — l.n 111.7 7.2 •• 7.4 4 .'. •• .'..4

1 14.11 " 12.4 14.11 —2.1 11.11 11.11 " lii.n 7.11 +ii.:i 7.H 11..'. " 7.4

J ll.« •• 12. :t 12.11 • 111.4 14.11 •• 111' Il.n -Il.n 11.11 7..'. " 7.- 7.11 ' 7.11

:i lii.ii —2.4 '.2 111.4 • K.2 11.11 _ii.- 11.1 11..'. 41..4 11.11 -..'. " 11.4

4 v.Dj •• 11.2 li.il -2.:t -..1 - . . ... 11. H • 11.11 It. 2 " I'.'l 11..'. " I11.4

r, li.iij " 4.2 11. Ii " 4.11 7.7 " S.ii •».() —(1.7 -.:t '.t.i: '» :t.(i ^.ll .4-11.- H.s

i; 4.4 ' 2.11 .'..2 '1 2.11 11.2 • 4.1 7..'l " li.H c.V -fii.r. 7.ii 7.4 • H.2

7 4.4 — 2.:i 2.1 4.2 " 1.11 :i.4 !>.:< — ii.ii 4.11 fi.ii " .'1.7 7.11 " 7.-

s r..,'. " :i.2 4.^ " 2.,-. .'i.2 —2.11 :t.2 .'..II " 4.4 :t.ii -fnji 4.:. 11. 1 " ll.ll

11 >.:t 11. II 11.- • 4..'. 4.7 •• 2.7 ,',,(1 —11..'. 4..'. ;i.!) " 4..". .'...'. '• ll.ll

111 111.4 • «.l 11.4 " 7.1 11.- -1.1) 4.11 .'..II " 4.ri 4.'> " 4.ti 4..'. 4.11.7 r.,2

11 12.11 " lil.ll 11.11 11. :i 11.- " 7.11 .'..II —11.4 4.ii t;.:i -fn.7 7." ri.ii " .'1.7

Mi.liil 1:1.7 —2.2 11..'. U.4 •• 11.1 11.11 —1.- 11.2 ,'..11 -11.11 4.7 .'i.i'i " 11.2

Iii'liul.ir i.Iis.'i-v.'itioiH coiiiini'lifc Oi-tnl.i.r In. 2 .\. M.
11. 1. Ki. Ti.li' rop" limn.l l.ri.ki.n at 1" A. M., ami tin. l.'a.l l..^t llir..ii)ih Ihi. i.-.' Ik.Ii'.

(I.' I. 17. Tiil.'.^ irri'MiiIar. iii.l.-x .liaiik'.-.l 12 uiiitrt ; liciu'c iiiorft of tin' ..!...<. rvalimi..< nn lljis .lay liiid 1.. l.e (.inilt.'.l.

li.'t. 211, Tin' (»l.....rv,ili..ii lor 10 A. .M. i* iiii'i.rri'i't, on ac.-oiiut i.f Dl.strui-ti.iii 1..V tin* i.f.

ii.l. 21. l-'l 1 IriM'l ..Mnni..n....l at H 1'. M.
ii.l. 2.1. l-la.k w.l.i |-t:iii.|

1
at s ,., !.«!(, I1.....I ...nini..n. ....
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I...

: ii.'.i

lii.;i

111.

h

n.-.i.

In

-fM> 7>

4( lli.H

+0-'-
7.**

II r,.4

4.1

4.11

4.4
" 4.11

74

^^ 1.1.4

>. 111.4

+;;

+"•

SKUIK.-i 1.

—

'I'lU.VI. OllSKllVATIIl.NS FKUM UcTlUlKll 10, 1 s:)3, TO DKCK-MIIEU iiS, ISJI!.

lli)Uily oli.'^t'rvatlciiis on tliu ]iiillcy-f;iiii(.a'. .\ilciiil('il rfadiiif,' of liii'iin level 7.(1, e.Nprcsseil in units

of llie .ic'iilo. IiiiTcnsin)? tinmhers indieiite rise of water.

October, 1853.

.M.iin '.Mill H.-.l, ll.r. '.'..ih. Il.il. Il.'f. ii'lli. Il.il. It.r. STIh. Ii..|. 11,1. 'J-lli. Ii.-.|. ll.-f. |i',illi. lUA ll.r.

f,.hir 1.. ..II-. 1..-. II. ..1.^. 1.. .,hf. to ul>». to . *l\<9.

llnlir. I,v,l. I..1.I I.v.l. Uu\. l.-v,.l. Icve , 1

1 i;..1 +11.7 7.2 -,.:. -11.1 .'..4 r..ii +ii.a i.a 4.11 +11.S 4.S 4.1 +1.1 i.ii 1.1 +0. 11 Il.li

'2 7." " 7.7 Ti.s " r..7 .I..I " .1.S 4.0 •• 4.S a.l •• 4..; 4.4

11 K.ll 11 K.7 11..1 —11.2 11.

a

.1.1 +11.4 .1.11 4 .1 " I.a a.4 •' 4.1 2.- ' a.

7

4 s.o +11. t; (^.i; 7.2 • 7.11 .l.s " tl.2 .'.11 +11.11 1.11 4. a • 1.4 2..1 " lU
fi 7.:t •• 7.M 7. a " 7.1 .1.S '* 11.2 Il.li ' 11.11 I.a " 11.4 a.o :l.ii

1) i;..'. •• 7.1 7.11 -ii.a 11.7 11.2 +11..I 11.7 il.s " 7.7 1.1I " 11.7 1.1 11.4

7 .'..4 ' i;.ii 11.4 • 11.

1

1I.I " 7.11 7.1 +1.0 s.l 7. a " S.4 7.11 •' 7.11

s i.ii fii.r) 4..''i .'i.ii " .'..a 11.1 ' 7.11 7.1 •• s.l ^.2 •' n.a 7.S ^.7

11 .'(.Il " r...^! .'..1; -11.4 .'..2 11.1 •• Il.li 7.1 •' s.l .,_v .1 li'!7

111 .^.11 " .'i.Ti .l.iI " .'t.2 1.11 • il.l Il.li .. 7,11 11. .V •' 111.

7

1

1

r..ii •' .''..fi .'i.ii " ri.2 .1..1 +0.11 Il.l 1.11 '• 11. ti 11. '1 I11.I

.N..H11 .-.." +11.4 .V4 .'..il " .1.2 ,1..1 " Il.l 4..1 •• ii.a 10.2

1 7.7 ^.1 7. a — 11. a 7.11 .1..1 " Il.l 4.1 •• 4.S •' I.ii Il.s 7.7

:!

11. a •' ii.ii

li.'' —11.2 11. ii

.1..1 • Il.l

il.ii " Il.l!

.1.11 " (1.0

I.a " ii.a

4.a " .1.4

4.(1 • 1.1

4.S

4.11 •' Vn
4 7.."' " 7.

a

Il.l • 7.1 ii.a " 7.

a

4.11 • 1.1 4.11 4.11

,1 '.i..'i 4-11.2 !i.7 7. a -11.1 7.2 7.1 +11.7 1-.2 7.7 ' s,7 11.11 " 7.1 4.11 4.11

li 11..') " ;i.7 7.il " 7..'' s.o " -.7 7!a +1.1 s!4 7.1 • S.2 Il.l

7 s.l +11.1 ^.2 s . a " s . 2 s,2 ' s.:i s.il • 11.7 s.o +1.11 11..1 • 1.7 '• 7.'1

n 7.11 '• 7.1 -•..". Cl.ll S..'j S..1 " 11.2 ^.7 ' '.>.*• 11.4 • I0.4 11.0 '.'.''

;i li.ii 11.(1 ii.ii 7.1 • 7.1 S.I " 11.2 s.7 '• 11.

K

Il.s " lii.s 11.1 '1 I11.4

111 .',_K " ,',^s 11.1 +11.1 1I.2 7.1 " 7.-* 7.1 +1.2 s.a H.- • lO.s I11.I 11.4

n .'i..'! —0.1 5.4 ,-1.4 Il.l +11.S il.li Ii.a • 7.1 11.11 +11.11 11.11 I11.I 1- 11.4
.Miiln't .'..r, •• .',.4 -..11 +11.2 ,-,.2 4.- • .1.11 1.11 • 7.1 7.a •• -.2 ".1 '* 11.4

October, 1853. November, 1853.

M..I1I1 '.T'lli U.-l l!,l. :;i-i l!...l. ll.r. i-i. 11.-. 1. ll.r. '.M. , i;..i. ll.r iia. ii,-.i. ll.r. nil. 11...

1

ll.r
folHr 1.. ,ii,,. 1.. i<\.S. lit ..!.< l„ ,.!,<, (.. ..II*. t.. ..).*.

li..iir i,.>.i. l.-l.l. I.v.-I. 1.1.1. i,-\.i. I.vc

4 11. il1 4..'. +11.11 .',.4 .•..4 .fl..'i il.li 11.^ +1.7 S.I 11.1 +1.4 .ii.,1 1:1.1 —1.7 11. .s la.ii _i.
'J a..'i •• 4.4 a.s '• .^,.a 4.11 •• 1.7 S.- +1.11 10.1 12.0 " iii.a 12.1 Il.l
a 2.11 " 2.1' a.ii +1.11 4.11 2.1 • 4.2 7.1 +1.2 s.a 11.0 • 7.a 11.2 11.

•*

4 2.11
1

.' 2.1* 0.11 " 1.1. 1.11 • 2.7 4.7 +1.(1 1.7 11.7 -l.ii 1.1 •ts • -.1
• t a. 2 4.1 1.11 " 2.11 l.u ' 2.7 1.1 +0.7 2.2 a. 7 •• 2 1 tl.O 4.11

ft 4.2 .',. 1 1.2 " 2.S 2.2 ' a. 11 (I..I +11.1 1." l.s 0.2 4.4 • a. 11

7 i:.2 + 1.11 7.2 a.l +1.7 4.S a. 2 4.11 11.71+11.2 0.11 1.1 —1.1 0.0 2.11 (i.ii

h '^.'i '.'.ri il..'i " S.2 7.11 ' S.7 a. Ill 0.0 a.o 2.4 • 0.11 1.7 " Ii.a

:i li'.l +1.1 11.2 ^..^ " 111.

2

n.i -1 l.r, lu 7.2 —0.2 7.0 a.4 1.11 a.

7

2. a
111 111.4 II..'. 11. a • 11.11 I11.1 • 12.1 it.s —0.1 11.

a

4.2 • 2.7 7. a " 1.11

11 111.4 •
ii..'. iii.a '• 12.11 111.7 • i2.a'iii.ii 11.7 10.2 11.11 •• 4.1 lii!i 11.1

Ni'oii 111.4 +1.2 11.11 10.0 " 11.7JI11.7 I2.a i.',.a — i.n 14.

a

11.7 • 1.2 12.11 •• 11.2
1 -.2 " ;i.4 7.r. •' 11.2 111. 2 .. II. s i-,.2 —1.2 14.0 l.'-..7 • 14.2
2 5..'. " ii.7 .1.2 " il.li 11.2 • lii.s ia..i —1.1 12.1:11.2 •• ia.7
3 a.7 4.11 a. 7 •• .1.4 s.l •• 11.7 I11.I -1.11 H.i);i2.l • 11.11

12.11 111..;

4 a.i 4.11 11.1 •• l.s 4.1 +1.1 .1.11 Il.s -1.7 1.1 10.1 ' ,s.il 11.1 10.1
.'• 2.tl + i.a a.ii 11.2 " 1.11 a.ii 4.1 a.« • 2.1 11..1 " .1.0 11.11 7.11
I'l a.4 • 4.7 1.2 •• 2.11 2. a " a.s 2.0 ' 11. .1 4.1 •• a.o 1.1 4.1

7 1
' ...1 ...» a. 11 *' .1.7 2.1 • a.ii l.« 0.1 a.l • 2.0 a. 2 1.^

h t>.> S.I •1.2 " Il.li 4.11 a. 2 1.1 :i.i 2.0

:i.ii

:i.o

1..1

i.ii

;) 11..'i + 1.4 111.11 s.l " i.l.S 11.11 '• I11.1 a. a i.ii 4!i •• :t!i'i :i.l 1.7
111 111. a •• 11.7 11.1 " 11.2 lii.i • ii.i; a.a i.,i 7.:i " l.s
n lii.a • 11.7 11. .1 '• 11.2 lii.l •• 11. Il a.a '• i.ii 11. a •' 7.S 7!l " ii!i

Mi.ln't 11.11 4.1, r, 1,,.', I11.I " 12.2 l".l • 11. Il

1

a.a " l.u 12.11 " lii.,i ..1,^ " s.4

I'.l. 'J'.l. Sla.k Hat,.,' 1-liin.ll of I'M. .'il 1 :',H ' .\. M.
1 VI. :'.!. Sla, k waliT |>l:in.! 1 .il' ..Wv al .", A. \\.

N"V. -J In N.iv. i!. lli'liMMMi tlii'si. ilatia tli.iii are o.vasixnally lialf li"iiily r.M.linc-^. I.ut mil.-* lli.-v en lir

ii.'ar lii^ili ur li)« \vat..r tli..y are i.niilt...! in tti." ai.ev...
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1

it!

1
if

SkHIFS I.—Tlli.M, OllSFUV.MIuN.s FIlllM Oi'TiUlKll III, IS.'"i,1, TO Oeckmdeh 2S, ISo.l.

lliiiirly oli.iurviilii)iis on ilie |iulli'y-f:iinj;t'. .\ilo|itcil ri'iiiliiiu of iiu'nri k'vd 7.(1, cvpri'ssi'il in iiiiil-i

of tlie scale. Incrcnsiiid iiiinil (Ts iniliuiilu rise (if wiitcr. 1

November 1853.

Mr,.i. Mh, 1U4. lli'f. r.iii. Kra. ii.-r. Till. Ili'.l. li.l. Mh it,.,i. ii..r. mil. lUii. im; .null, HmI. liif 1

Si.liir

l.uiir. l.-i.l. ll'Wl.

i'>

li-v,l.

..!.<. to ..li>i,

l.-v.l.

III I'Im.

i

Imel.
(.. ..1...

'

'

1

4.:i :i.i :l.- +0.2 4.11 4..'i —0.2 4.:i 1

1 11.:. —1.4 lii.l 11.11 _l,(l 8.11 6.ii —(Ml :
tj.fl .').:) —0..') 4.1 :i.!i 4.1 4..'. 4.:i

.').i; " ,'1.1 4.2 "
!
4.4 4.:i 4.1

11 11,11 • ii.i; '.!.- "
;
s.s 7.11 " -.:i (;.2 " 5.V 4.0 "

1 4.2 4.0 :i,8

'.1.11 " 8.'.l 8.S " 8.2 4.5 "
' 4.7 4.2 " 4,11

Ii'.M " "".ll 111. 11 • '1.11 8.S 8.2 7.1 " (i.i; .').ii ,1.2 4..1 -o.:t 4.2
1

ll'.ll •' l.l.ll 8.8 8.2 4..') • 4.2

4 :!.: — i.:i 7.;i lll.ll —11.11 11.1 8.8 8-2 7,11 " 7.4 li.li " '

(J.2 t.l • :i,>
1

H.l " 7.2 8.8 " 8.2 7.11 -11.4 7.,') .',.- " .vr, 1
.-..7 • 4.4 7.7 "

:
6.K 8.li ' 8.(1 >».2 *' 7.*^

8 II " 7.11

7.8 •• 7.4

7..')
*• 7.7 11..') '* 11.2

ti :i..-. • 2.2 4.1; 7.- —0..', 7.:l 7.11 .< 8.1 R.n '* 8.2

7.9 S.l 9.9 " 9,1;

7 •J.:i '• 1.11 4 .'. " :i.i; ll..'! " (1.0 7.:i — o.:i 7.0 8.11

8.11

+ 0.1 8.1

8.1 10.0

" 9.2

9.7
> 2. 1.7 :{.i; — 11.8 ii.s ,'i.4 " 4.11 1;.:'. " li.ii 8.11 " S.l 10.2 —0.4 9.8

J.I' " 11.7 :t.i " n.ii 7.4 " 7..') 10.2 9,8
•1 J.4 • 1.1 :i.l " i;.:i 4.11 " ;i..'i ,'1.,') " !1.2 0.9 "

,
7.0 10.2 *' 9,8

J..; • l.:i :).-.: " 2.4 4.11 " ll..'!
1

10.1 9.7
III J. 7 -l.'J 1..'. 4.:i ••

, :(.o :(,7 "
:i.:i

:i.2

:i.4

5.3^ " 5.0 (i.n " : 6.1
1

9.8 9.4

11 •'.7 '* .''..'» .1.7 —0.7 .''.11 4.4 " :i.ii

.'i.ii

11. :i

'. 'I ii *> 'i I

4.8 " 4.9

1

9.11 •' 8.1:

X.H.ll 11.1 • :i.:i .•..;! " 7.1; i!:> ••

.i,.l — M.J .* 1

,'..1 ' 4.11 4.1;! 11.0 4,1;

1

-..'. —0..'. 7.11

1 i:i.i •• 11. :i

1

s.l 7.1)

I). it '* .'1.1

S.ii " .').4 4.4 " 4.4 c.'i " i;.ii

1 :..; • I-.4 4..'. " 4.r. 11, :t •• .'..>

- 14.-.; " 1:1.11

M.i; •• i;i.ii

... D.-i " !i.o 7.1 " li.O 4..'. • 4..'i

6.1 1
" .'1.1

li.ii " ,'.,,'1

:i 14.1 —1.1 l:).ii ... 111.1; " lii.l 8.:i • 8.1 5 .'
:

•* T)
,''

!;.'!'' -o.ii riiii

l:f.ii • ll.il
i

lll.ll " 111.4 1

4 rj.;i • 11.2
1

ll..'> — n.i; lll.ll

11.2 "

11.2 "
10.7

111.7

11..') " :i.;i 7.1 " 7.1 7.0 " r,.4

.', lii.s 0.7 11.11 " 1,1,4 11.1 " lii.i; Iii.l —n.l lll.ll 9.2 —0.1 9,1 7.9 " 7.;'

111.7 " m.i 111.2 " 11.7 10.1 • I11.4 9,1; 9..')

t', -.J • 7.1 11.1 " 1-..1 1(1.2 " !P.7 10..') •' 10.4

10..') " iii.4

10.1
;

" lll.ll

9..')
:

9.4

9.D " 8.9

7 .VI ' 4.11 7..'i " li.l' S.Ti 8.0 10..') '• 10.4 11.1 " 11.11 10.9 " 111.:!

I11.5 .4 II. li 11.11 11.4 •• 10,8

^ 1.:) " ;;..;

2M " ].>

.1.4 '• 4.- 7..'» " 7.0 10.11 (1.(1 lll.ll 11.11 •• lll.ll

9.8 1 9.7

11,0 " 10,4

11.0 " 111.4

:• .;.n ' l,:i 4 2 " n.i; .'p.ti " .'(.l ,8.1 " 8.1 8.9 "
1
8.8 11.11 " 10.4

:-..'. •• 2.A 4,11 • ;i.4 11. :l " I11.7

111 4.1 -1." :i.i M 2 " 2.1; 4.4 " .1.9 7.11 +"! 7.1 7.0 " 11.9 11. :i —0.7 111 li

:i.2 " 2.ii 4.:i " :!.s I11.9 " 10.2

II 'i.ii " .'..ii 4.11 '• ;i.4

4..'. " ;i.:i

4.1

4.1

:i.ii .|.:i • .'.,11

.1 2 • 4.,1

4,7 -0,2 4,,'i

4,7 4,.'i

li..') " .1*.?^

.Mi'lii't 7.;i " i;.;i 4.11 " 4.:l 4.0 " :)..'. 4.0 -t-11.2 4.2 4..'. •• 4.:l 8..') " 7.8

Nt'V. s. I'min tlii* ilati' tlip nlmiTVatiniiH iiri* li;<lf-lit'ilrlv ; in tin' .-(Ikivi' rcroi'l, linxTcvcr. only tliiM|. li.-ilf

liuiiily ^l'l|lljll^s U'lTi* il)si-i'ti>i), wliii'li iM'ciir ni'iir ft lii^li nr low iviitfr.



UKCORD AM) KKDUCTION 01' Till'; TIDKS.

4.:

4.

4.1

:i.H
I

4.11

4.-.:

4.-:
I

:i.h
I

ft.

I

i;.4

h.'.l

\o:.<.
1

11'. >•
I

10.4

1'|.4

10.4
I

1".7

111 I

in.-.

SkIUKS I.—Tlll.M. Oll-SKRVATKiNH FIIDM OcTtlllEIl Id, IS ,')3, TO DtXK.MllKU 28, 1.8 W.

Hourly oliservulions on tli« |mllt'y-guupc. Adopteil n'Oiiiiifr o f iiicim Ifwl (.( , i'X|irc.<v^uil ill units |

uf llic Buitlf. IiiiTcusiiig iiuiiibcrK iiidk'nli il,<o of wiitor.

November, 1853.

Mtinn mil. n... iipf. isih. n«ii. Rff. 13th. Beil. Ref. Mill. ni-ii. K..r. l.'.lli. 1I...I. 11 If. Kith II1..I H..f.

volar (u ..Im. In 1.1.9. t.. i.li>. In i.b.<. to i.W. \,f.

liour. lrv,.l. leirl. levfl.
1

li-v.-l. I.-H.1, l.vrl.

i;.i -0.7 .'..4
i |.;.s —:..,'. 11. :l

1 4.11 :i.!i (1.0 —o.n r.i 8.8 -l.G 7.2 ll..'i —4.1 7.4 13.0 —.-.2 7.S 15.1 11.1;

4.4 t :!.7

-

;i.i

— (l.S l;.s fl.,'!

II

4.(1

ii.ii

(i.7
l(

,'..! 11.1 —4.2 4.11 10.11 1. 4.8 14.7 -5.(1 11.1

:i ;!..'. " i7 4.0—1.0 :i.ii 4.1) —1.7 3.2 7..'. —4.3 3.2 S.O 11 2.8 13.0 7.4
:!.i; «' is 4.11

!
" H.ll 4(1 .1

2.11 7.11 " 2.7

4 4.1 t' :i.:i H.8
'

" 2.8 4.4 —1.8 : 2.(1 (!..'. -4.4 2.1 (1.(1 " 1.4 10.5 4.9

4.1; " :t.i 4.11 "
1 2.7 (I..'.

" 2.1 11. 11 11.

s

C.l -5.7 0.4
Ti .1.11 ^^ 1.2 4.(1 1 "

1

3.(i 4..';

5.0

—1.9
1

2.11

1 3.1 i:..'.

" 2.1 5.11 "

5.11

(1.7

(1.7

(1.1

11.3

0.4
— 5.S 0.5

(i S.ll 14 4.^ 7.1 " '1.1 ri.r. "
1 3.11 7.11 —4.5 2..-. (1.2 " 1.0 (1.3 (1.5

7 8.0
> '1

7.- 8.i| " 7.11 7.5 —2.0 .'...'i ll.d
" 4.5 8.0 " 2.8 7.3 —5.') 1.4

8 i).fi

lii.;i ti

10. Ti "

11..'. '

!>..1 111.2

111..'.

—2.1 8.1 12.4 —4.(1 7.8 10.5 " 5.3 10.0 — il.o 4.0

:i 111.:! •<
11. .'i 12.11 . 11.11 12.7 " lO.ii n.:, I* lO.D 12.9 " 7.7 12.7 " 1J.7

III.O • ( 11.2 12.2 11.2 l:t.ii: —2.2 10.8
I

1" 111. 11 »*
fl.'J 12.2 ' 11. 21.1.7! " 11. .'i 17.11 -4.7 12.3 lll.O " lo.s 111. 4 —11.1 111.:',

12.11 " 11.11 i;i.7;—2.3 11.4 17. .1 —1.> 12.7 17.3 " 12.1

H ii.r. «.7 11.7 —1.1 lo.il i:i..'. " ,11.2 17.3 —4.11 12.4 Is..'. l:l.:i 17.11 " 11.

s

1

12.11 " lO.li 17.1 " 12.2 Is..'. '• 13.3 lv5 — 1I.2 12.:l

N,..m 7..'. *' ii.7 ..o| .. 7.!t 12.1

-"l"-^
1(1.4 —5.0 11.4 Is. 3 -.',.3

18.0, ••

13.0

12.7

lli.l)

1:1.11

— (1.3 1:1.1;

" 1:1.1;

I ii.li " •''•- 8.0, .. fi.ll 11.1 —2..'. 8.(1 14.1 *'
!).l 17.11 " 12.3 ls.7 -i;.4 12.3

2 r..:i
(i 4.ri „.:.' .. .'. 2 11.1 -2.1! 1!.,'-. 12.0 ,( 7.0 15.5 " 10.2 17.11 " 11.5

.^.l^
tt 4..'. .'..i; " 4.,'.

1

:i fi.O " 4..; ;'•' " :l.s 7.- —2.7 .'..1 D.3 :
— .'..1 4.2 12.0 " (1.7 15.0 " 8.11

.1.1' ' 4.;: :l.li
1

4 n.ri •' 4.7 .'..0

.'..0 '1

:i.ii i'..3 —2.S 3.6 S..'i

ll 11

" 34
3 i|

10.3 "
'1 1) "

5.0

4.2
3.li

12.(1 —0.5 0.1

r
li.li

» r>.s •./ —1.2 4!:i 0.3 —2.1) 3.4 h.ll .1 231 8.11 ' 10.1! 4.1
.'...'" '* 2,ii 8.0 II 2.1) s.il' 3.1; lo.:i —0.7 3.0

li ft.o (1 7.2 '1.4
,

" 8.2 .'!..'. —3.0 2..'.

I!.H —3.1 3.7

8.5 — 5.2 3.3 s.l) -5.4
S.ll

3.5

3.5

lo.o

10.0

3.:i

—0.8 :t.2

7 1 0.0 " 11.2 7.7 1
"

•

(1.5 8.7—3.2 r,..', 9.11
" 4.4 9.2 ••

1

3.S lo.o

11.0

—0.11 :i.l

4.1
s 11.4

ll.s

— ll.SI 111..',

lii.li

111.4 — l.:i 0.1 11.0 '—3.3 7.7 11.4 ((
(i.2 10.7 1

" 5.3 11.5 -7.0 4.5

i)

\'i.' ..

11.8

11. H

1).8| "

12.8 1
"

\M 13.7 -3.4 10.3 13.1 "
7.1) 13.7! " 8.3 14.0 7.0

let 1J.1 "

1

11.2 1.1.7 -1.4
i'.:..'i

ll.'it

11.1

14.4 —3.1) 10.8

14.ri —3.7 lii.s

14.7
l.'i.O tl

U.5

9.8

1(1. (i. " 11.2 hl.ii " 11.0

" 11.4 " 111..'! 11. U, "
i

111..'. 14.S — :i.v 11.11

14.4 -3.11 lii.r.

14.11

14..'.

" 9.4
11.3

17.8 1
11 12.4

13.0

17.5

Is.o

-7.1 10.4
•• M.il

MMu'l 9.1! "

i

8.3 lo.tj' —1.5
1

n.i 13.li —1.0 ll.li 14.1 8.11 ls!'5

i

13.11 17.1i • 10.8

2*"
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Seuiks [.—Tipai. OiisKEivATKixs ntd.M OcTiiiiK.ii ID, ISSS, Tu Dkcemiikii 28, 1858. 1

Hourly () isorviitiiiM.s nil (lie |iiilli'y-)rniij.'c. Adniilfil rciiiliii); of iiionii level 7.0, oxprcssod in mills

(if till' sciilc. liicronsliifr iiiiniluTs liidicnto ri.xc nf water.

November, 18S3. 1

iMfini r;iii. n..i, n.r
1

isii..' ii,.4. 'ii.'r mill n.Mi. Bi'r 5(tll.. Re.l. 'll..f !!,.| Hp.I. R.'f. 22.1. Ili-.l. lief.

^'..hir i.<. to ..!.». (.. ..!.. 1.. '<.l.«. I.I ..I.I.. 1.. ul.9.

lu.iir. l.-v,l. i<-i.'i. k'vrl. —- ll'V.'l I..VI4. Ini4.

17.

h

-7.2 1(1.(1 1.4|4.1'2.:i 1.1.7 ii;..'. — ii.7 n.-- —8.2
:

8.:i i

1 17.(1 »' 11.8 1.(1 " l:;.:i lii.r. " >.>.- 17.0
i

" 1 f.- 17.3 — (1.(1 7.7 3.r. 4-3.2 (1.7

•.:ii.:i]_7.ii i'j.7 111..'. " 11.- 17.4 -8.3 11.1 17..'i '1 7.11 3.111 ••
i 7.1

- iiM' — 7.:i

;;;

Jii.ii —7.5 ,12..'. lii.d " ii.:( 1(1.8 " 8..'. 17.(1

17.11

•'.(1

8.(1

4.3+3.1 7.4

4.41 -(-3.(1 ' 7.4

:)
14.'.i —7.4 l-.ii " 1(1..'. 1.-..1 — (1.8 >.:) 1(10 "

1

'•" 17.(1

17.(1

-0.7 7.11

7.3

4..'.
' +2.1) 7.4

4..'.
1

"
1 7.4

1 IJ.ii —7..''' 4.,'. 111..'. "
;

11.11 l:i.8 " 7.0 14..'. -8.4: (I.I

1

1(1..'. (1.8 4.(1 +2.8 (1.8

r,
111.4 •• -'' 14.:i —7.4 (i.i.i 11.4 — (l.!l 4..'i 12.7 "

i

4.:i 13.(1 3.11 3.2 + 2.(1
,

.'..8

,; ;)> -7..; ^.'J 1 :)..'. ..
(1.1 1(1.2 " :i.:i 12.(1 —8.fi ' ;i.r. 13.4 —n.8 3.(1 3..'. + 2.5 (1.0

11.11 I.i *' ' 11..". — 7.(1 2..'.
1

13.2 " 3.4

7 '.1.11 —7.7 l.:i 7.2 —7.:i l-o.l 11.(1 —7.1 1.11 11. (i "
! ll.! l:i.(i .1 3.2 3.3 +2.4 5.7

l".li J.;i 7.ri "
i

(1.2 lll.ll —7.2 2.8 11.2 " 2.7 l:i.ii " :i.2 3.(1 • .'..4

s 11.(1 ;i.;i 7.« •' n.r. 111.2 — 7.;t 2.11 11.2 — 8.(i 2.i; i:i.ii •• 3.2 :i.(i +2.3 r..:i

ll.li •' 2.:i 11..'. "
;

2.11 1:1.0 " 3.2 2."" '' .'..1

'.( 1 :)..'> " ' .'..8 11. :i

1

—7.2 4.7 12.11 " 4.7 12.4 -8.7
i
3.7

i

13.1 14 3 3

3!;. +2.2 y'2

li' I'M -•,.s ..;,,,.,-, "
1 7.;i 11.11 _7.4 7..-, 14..'. —8.8 ' .',.7 1(1.7 " (1.11 3..'. " .'..7

11 l;i.:i " n.r. 17.(1 -7.1 li.:i 17. li " 11.11 17..'. — 8.M 8.(1 10.1 II ii.:i 4.3 " ' ll.{

.N,«..i 111'.'" l:(.(i'l»..'. —7.(1 11..' 111.2 —7..'. 11.7 111..'.

1

—!).(i 1(1..'. I'.i.r. — ll.il Jl.ll .'..(1 +2.1 7.7
Jll.s " M.ii'l'.i.n " 12.(1 111..'. • i-.ii 211.(1 .. 11.(1

1 •.;m.i; " 12 S- I'l.ii — 0.!l 12.1 211.11 " 12..'. 211..'. _;|.I ||..( 2K.P " 10.1 7.2 +2.11 11.2

-11. r>
•• lJ.7 1-.'.i •• 12.(1 211..'. " 11.11 2ii..'. '• 11.4

'2 Ui.ii --7.'.i 11.1 11-..'. — (i.K 11.7 211.(1 — 7.(! 12.4 211.1. " IL.-i 1.0 4-<J.(i :|(l.(l 8.0 4-1.8
,
0.8

m.i: " 12.11 211..'. -1.1.^ II. li 3..'. 4-7.2 '10.7

:) 17.11 n.l 'li:.;i .1
il,.', 1 11.(1 •• U.I •2(1.2, " 11.(1 .'1.2 +4.11 1(1.1 8.4 +1.0 1(1.0

t 1 r..2 " 1(1.1 >-..'. " 1(1.1

4 lll.ll " P.I 14.4 " 7.i: 17.4 —7.7 11.7 1>.!1, —5.3 n.i: r..(i

4.:i

+4.8 n."

11.

1

>-..'. +1.4 11.11

-.'. " 11.11

., I'^.ll " 4.1,11.(1 1.2 1.'..4 '• 7.7 17.0 " i 7.7 3.1.1 + 4.(1 -..•. -..-. +1.3 n.-
11.4 "

, :! ,'. >.li " 11.3

() 11.11 •'
:).l 111.11 " :i.2 lll.i' _7.s .',.2 I.'.. 2 -;i.4 .'.- 3.2 + 4.4 7.11 4.- +1.2 i;.o

11.11 *'
:).l

f
11.11 " .1.1 ll,(l " 2.2 12.11 _7.;i 4.1 i:t..'. " 4.1 l.il + 4 2 .'..- .'..11 +1.1 11.7

11.4 "
:i..'. >.7 1.11 11.11 " :i.l 1 1 1.0 ••

l^i.d " 4.1 •^.ii

l(i.:i

" 1.2
" :t..'.

111.:'. — s.ii -J.:!

11.11 " :i.(i

111.2 —fl.6 ' n.7

1:1.1
;

"
,

li.ii

(1.:! 4-1.(1 4.3

(1.4 •• 4.1

4.11 +1.11 r..ii

;i 14..'. " il.d'U.l -(i.7 4.4 12..-. — c.l -1.4 in.i 1 "
1 ;t i; 11.11 4:l.h 4.4 :i.i +(1.1.1 4,0

1
l:t..'i " 4.(1 (1.

.'. 4.:i 3.1 " 4.0
111 17..'i

"
!l.(i 14.(1 " 7.:i 14..'. " ' (1.4 i:(.7 —!).0 4.1 11.

-

+ :i.(! 4.4 :(.! 4-0.8 3.11

1 11..'.
1 " 4.1 3.1 +0.7 3.8

11 in.7

•Jli.H

—7.H 11.(1

I.'.,'.

1(1.2 n.r, l.'..'.i " 7.- 14.7 " :..! (1.2 -f3.4 :i.'i

1.2: 4.11

3.1 -j-O.C 3.7
:i..'. -|-o.,'i 4.0

Mi'lii't 1.4 +;... i;t.(i k;..'.

1

" ii.i' IH.I —8.2 7.1.1

1

l(i.2 '• (I.C 1.7
, -f 3.3 .'..(1 4.1 +11.4 4..'.

Nnv 17. Till' s..'il.* rc'i'is uj. to -'1, li, lice tin- rcaiiiiik' I.-l at mi'lniulit i-i i'(|uivali'iit InJt.-l.

^ln . 21. At 1 r. M. tilt' npiM-r limit nf tin- si-alf wan rcaclitxl, tin' iiiilt.-x was vluinin'-l itltvrwanls.

ri



hecord and reduction of the tides. 11

ri.4

|-2.:i '•;>

^.'
: 5.1

•>
I

t>:i

f2.2 ;
.'i.a

"
: r>.7

-l.n
I

1.0

^-o.ti '.i.'.!

4.0.7 ;i.s|

+(M1 ,t.,

4-11. r. i.ii

f(i.4 4.''

.V.Tl'U.

Series t TlDAI, OnSKllVATIONH FROM OcTOIlEK 10, 1853, TO Dkce.mheii 2>*, 1853. 1

Hourly observations on the piilley-jtiiiiRO. Adopted rendiiiR of mcnii level 7.0, e.vpressed in units
|

of tlio 8Cale. Increasiii); numbers indicate riAO of water.

Mi*nn j.ia. R«(i.

November, 1853.

Iter. 24tb. n<d. Ref. 25tb.
1

Red. iltef. 20lh,' Red, Ref. 27lb, Bed, Ref, 28th. Rod. Ref.
x.lar 1.1 olm. to , ubs. to oba.

j

In obs to obi. to obfl.

hitiir. ' level. level. level.
1

level. level. level.
1

11.7 —3.0 1 3.7 10.0, —(i.3l 3.7 14,8—10.3 4,5 1

1 4.7 +0.4 ri.i 7.4 -3.2
1

4.2
-.s -3.3 4.5

10.2 1
"

1 3.9

10.4 —r,.4 40
14,5 —10.
14.11 "

4.2

4,3

14,7 -10,4 4.3 17.5 —12.0 5.5

,11! +0.2 .'•.8 i-.l -3.4, 4.7 10.7 —(1.5, 4.2 14.7 —10.4 4,3 13.7 " 3,3 15.3 -12.1 3.2

13,3 " 2,9 14.9 " 2.8

3 11.2 1 0.0 ti.2 9.1 —3.5 5.(1 11.2, _6.(i' 4.(1 15.2 —10.5 4,7 13.1 —10.3 2,- 14.7 —12.2 2.5

j
13,0 " 2.7 11.5 2.3

4 7.0 —0.2 li.s 10.0 —3.B 11.4 12.8 -0.7 B.8 15.5 —1(1.0 4,9 13.2 —10.4 2.> 14.5 -12.3 2.2
M.s " ii.'»

li 7.0 —0.3 i;.7 10.5 —3.7
,

li.-i 13.11
j

—C.9 0.7 10.5 " 5.9 lil.o " 5.(1 15.11 -12.4 3.2

tt 7..'i —0.5 7.0 11.1 —3.S 7.3 15.0
! —7,0 8,0 18.0 —10.7 7,3 17.3 " 0.0 18.2 —12.5 5.7

7..'l
;

— O.ti D.'.l
1

15,11
!

" 8.(1

7 7.11-0.7 t).9 ll.i; —:i.9' 7.7 15,7: -7,1 8,(J 19.4 " 8,7 19.8 —10.5 9.3 20.3 —12.0 7.7
7.'i —O.S 7.0 11. !1 " 8.0 lil.o —7.2 8,8

1 ,

8 7.'.l —0.9 7.0 12.5 —1.0 8.5 15.0 -7.3 8.3 20.0 —10.8 9,2 20.9 —lO.O 10.3 22.0 -12.7 1
n.ft

'.* —0.9 tt.lt 11. il —4.1 7.5 20.2 " 9,4 21.2 " lo.il 23.8 " '11.1

9 7.7 —1.0 ii.7 ll.o —4.2 11. >. 15,2' -7,4 7.8 20.0, " 9,2 21.5 —10.7 10,- 24.5 —12.8 11.7

7.7 " i:,7 1 19.5 " 8,7 21. il " 10,9 24.7 " 11.9
10 7.7 -1.1 ti.i; 9.5 —4.4 5.1 15.7 —7.o' 8.1 19.0—10.7 8 3 21.3 —10.8 10.5

211,9 •' 10.1 ;i1:3

" 12.0
" 11.5

11 s'o -1.2 II. ** 9.0 —1.5 4.5 lil.o _7.8 8.2 17.8 " 7,1 :;ii.ii —10.9 lil.o 23.8 —12.9 10.9

8.S " 4.3
!

Noon !<.ti —1.3 7.3 8.0 —4.r, 3.4
-.9 " 4.3

15.5 —8.0 7..1

15,5' —8.1 7,4
10.3 ,

" 5.0 19.2 " 8,3 22.7'

1

"
. 9.8

1 9.ii -1.5 u.l 9.9 -4.7 5.2 15.4 -8.2 7,2 15.7 " 5.0 18.2—11.0 7.2 21.4 —13.0 8,4
15,2 — K.3 11,9 15,4 4,7

2 10.4 -l.(J S.s 10.3 —4.8 5.5 15.8 -8.4 7,4 15.1 " 4,4

4,3

4,4

17.1
'

" 0.1 18.4 5.4

3 11.4 —1.8 9.0 11.4 -4.9 (1.5 10.0 —8.0 7.4 15.1 " 15.2 -11.1 4.1 17.1 4.1

1 15.4 4,7 14.9 •• 3.- I5.« II ,j ,,

4 ll.^ —2.0
12.0 —2.1
12.0 -2.2

;».s 12. ti —5.0 7.1! 10.4 —8.8 7.0 15.5 —lO.O 4,9 14.11 —11.2 3,4 15,7 1* 2.7

i 9.S 13.5 —5.1 8.4 Is.l —il.o 9.1 17.0 ,.
11.4 17^5 —11,3 0^2

15,11

15.9 " 2.9
12.0 —2.3 9.7 13.9 —5.2 .-.7 19.1 1 _9 1 10.(1 111, 4 3.4

6 12.2 "

11.- —2.4
9.9

9.4

14.11 —5.3 9.3
14.9 —5.4 9.5

19.11 ! —9.3 10.3
19.7' —9.4 111.3

19.1 " 8.5 19,3 —11,4 7.9 17,7 4.7

7 11.4 .. 9.0 14,4 —5.5 , 8.9

14.4 — 5,ti 8.S

19.- —9.5 10.3
20.(1, _il.7 111,;)

20.0

20.5

11 9.4

11.11

20.9 -11,5 9,4

10,5

20.0 " ' 7.0

S 10.0 —2.5 7..' 13.7 —5.7 8.0 19.4j —9.8 S».0 20,4

20,4

—10.5 ill —11,0
22,8 "

10,5

11,2

22.0 " 9.0

II 9.0 —2.ii 11.4 12.8 —5.9 11.9 18.5; —O.o' 8.0 20,4

20,1

It 9,9

9.0

22,9 -11.7 11.2

11.2

23.7

23.9

" 10.7
" 10.9

10 S.2 -2.7 ''•*' 12.5 —6,11 i!.5 18.0 _10.0 8.0 19.8 *' 9,3 22!o —11.8
22.1

lo.s

10.3

23.9

24.0

1' 10.9
" 110

11 7.7 —2.«

7.4 —2.9
4.9

4.5

11,5 -t!,l 5.4 lO.O —10,1 5.9 17.7 " 7.2 21.0 —11.9 9.7 23.5

21.1

" 12.5
" .1

.MiJii'l 7.2 —3.0 4.2 lO.SI —6.2, 4.7 IS.Oj-10.3 4.7 10.2 —10.4 5.8 19.7 —12.0 7.7 20.8 "
1 7.8

Nov . 2i!. From 1 A. M. of this (Iny two readings .ire given for each 1 alf hour ; the mean of the two observa.

tions iA» btiHii ins rti>d above. The two corresponding readings agree f enerally within a few tenth S the differ-

onoo 1 oiiig due to the cffefl of the small waves.
No, . 2«. Orilers were given to observe and reconl careful soundings by lead line at the tide hoi j every day

,it twt Ire oVlo(!k.
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13 KKCOKM AND K i: I» U CT I O N OF T II K TIPKS.

Sl!lllK» I.—TiPAl. Oll.HKllVATIliNK »ll"M ()i-|iillF.H 10, ^SM, Tl) DeCKMIIKK 'J^, 1S.'>,1.

II(pnrly iiliserviili(iii« oii llic iiiilli'y-L'iiuiriv .Vilnptiil nmliiiit "f iiiniii Icvi'l T.d, i'X|ii-i's«'il in \\m{*

iif 111!' -riili'. Iiicri'u.-inn niMii icrs iiiiliiiili' riso nf wiiliT, 1

November, 1853. December, 1853,
1

:\l.',iii ';!>iii. li.'i IM !:iiiiii ik'.i. K.r. M II.'. 1 ll.l :'i II.'.I. li.-r .1.1 II...I rt.'f nil Hnl iRi-r

...l.ir r. ..!..
1

1.. ..)». I'l ..)i^ I.r. 1.. ..I.V 1,1

li..ur i.-i.i

_l
1

I....I. l.'lol !.<.'!

11.11

I.'..'l l.'i.l,

1«,0 — lO.H -,.•... . . - 1«.» _i>.7

1 1-.7 -1:1.11 ...7 1:1.1 — r..^ 7.:i l.*,.(l —ll.ll ».-i

1

17.11 " H.ll llt.H !).!l

1«.H ••

ll.l

s.ll

H.ll "
1
7."

111.2 —10.11 ».:l

- 1 ..« —I:;.'.! :.! ;i.:i •'
:i..'. 1:1.4' " .'..(1 i.'..ri _«.- (1.7 '"••'

"
7.11 111.2 •• N.l

l;..l " -.2

:i 11.7 • 1.- 7.- 1.4 ;i/j ii.7 'J,.', l:!.l --.•/ :i.'.> 1.1,11 ll.l In. 7 —11,0 7,7
il.i • l.J 7.11 I.J

•1 I.I.- -IJ.« l.ii

II..'. " (1.7

':'- II. 1

11. 1

-.J -il.« 1.4 iii.i — ;i.(i' 1.1 14,1 " 4.2 17.1 "
:

ll.l

,^ 1 i.i'. " ii.» '•." l.ii ll.ll " —n.i- S.ll _!l.l —1.1 ll.ll " 1.7 14.0 —ll.l 2.11

II.-: |-:7 I..-. -,2 J. 1 .'...; " —1.:; 7.:i " — 1.- 12.,'. • I.I
i; 1 I.T " 'J. 11 '.1.1: " :i.s 11..'. — ii.'.i —11.4 7.1 _|i..: .-'i.i lo.l 11.2 ll.l 11.2 0.2

ii.7 " —II.- 11.11 — li.:l — i..:l 11.7 " -0.2 II. :i " 0.1
' !..'• — I:;.!;, 4.1!

1

11.7 " .'..!l 7..'. —7.11 11..'. ii.K —11.4: (1.4

!
l.'.'.i. ..

-11.4

IM
II..'. " (i.:i

12.11 _n.li 0.7
h 1:1.7 -VJ..'.' l.-i i:).i- " s.ll 11.11 " 4.11 10..'. —K.r. i.ii 11.2 •• 1.:'. 12.0 •• 0.7

'' •J:l..'. — li4 11.1 17.7 " ll.'.i l::.^ -7.1 11.7 14.11 — !l.(i: ,'..() 14.2 " 4.:l l:!.- " 1 2..'i

III •j:..'i — li.:i I'J.ii

i:i.:i 1:1..'.

" 1:1.4

" l:i.7

l-.l —7.
-J 111 '.' 17. s —•>.!] H.l

1

lll.ll " iM 17.:! —ll.l .'..11

11

.:...- — i-.:.ii

1:1.4 III..'.

1:1 :;

" 1:1.7

•
1 '..4

l'i,:i —7.1 liii 2ii.'J —II.'- 10.4

i:j.4 —ll.ll li.'.

i".:t • 8.4 111." '• .».4

N<...ii

it'?
"' I:;.!

II. :i

l-.:i " \-i.:< ^".: —7.4 l:;.h

•Jn.ii • rj.il

ilii.ii — lii.ii lii.ii

li.i.ii ••
I

l:i.:i

21.11 -11. '• II.-* 21.7 —11..'. 10.2

1
1.'..".! " !i.4 lil.ll " 10..'. l'.i.« —7..'. l'.!.:i :;:l.ii " l:i..i ._>.» r, 1. 12.7 2:i.s " 12.:i

£1.1 I'l.l 22. il " 12.- 21.7 " ;in.2
- 11.7 •• 5. '.I 1:1.11 — r..;i 7.1 l.;.ii _7.i; ii.;! •ii.ii " 12.0 22.7 —11.11 12.- 2.'..2 •' ii:t,7

24. :i " !l2H
21.11 " jl2.4n

;'.
::

2.:i

2. 1

'.1.0 :i.l i:).7 —7.7 ''..n I'l.t. " tl."

21..'. "
20..'. 10.11

1 l.il

111.;.

4 7,1. f,,.. i-.l —ii.ii 2,1 lo.l _7.h 2.:i 111.:; " 11. -J IH.o lu.l 7.11 21. > " lO.ll
7. 'J 1^4 -.11 •• i:.i.

1

.'> 7.1

7.4 "
l.:t 7.7 " 1.7 ^,.^ 7..t II. 1; rj.'.i " 2.11 1.1.7 " S.li ii'.Hj "

; «.3

i> 7.> " '2 II *.ii -i:.l l!:'i 7.7 _^.(l _ti.:i 1(1. ;i ** 0.11 1 1..'. 10.2 4.1 ii;.7 » .'..2

'.'.'J " :i.4 :i.l :>.| 7.7 •• —11..I 111.:) " 0.1

7 lii.ii " 4. J in.:; 4.1 ^.J —-.1 ll.l 111.(1 .' (l.n

lll.ll " O.li

II. !> 10.3

11.2 •• o!ii

14..'. " ll.ll

h l:i.:i .. 7..'. 11.11 —>\.2 r,.7 ii.i — -'.^i ±:i lo.li " O.li 10.4 10.4 0.0 lH.il " 2.1

lll.ll " —ll.l i:i.:t '• 1."

!l 14.> " 11.0 14.4 " ~..: i-j.i; — ^..l 4.:! 12.(1' "
1 2.11 II. :i iii.ri O.H l:i.l " 1..:

11. :l " 1.-
111 I.V'.i "

1.;.:. •'

lii.l

I11.7

lii.i — i!.n :i.ii i;.,;;
— >-.4

:

n.'.i 14.11 " 4.11 i:i.7 10.11 ll.l 14.11 " 2.,-.

11 Hi..-. • I11.7 lil.i; _ii.4 i(i,.j i7.:i _x.r. 1 s.> 17.0 " 7.11 ir..ii 10.7 4.11 lii.o •' 4..'.

1.1. :i lii..^ 17.11 •• In.i; 17.'.i "
1

11.4 I-.2 " ^.2
.Mi.ln'l l>;.\, "

lii.:l 17. :i —'..:, m..- IS.l —N.llj 11..'.

1

IH.li f".H 1-.2 10.8 7.4 17.8 —11..'. il.:t

N..V. -J'.i. Til., r. k.i..t.r ...r .vt.-.l al II. .11. Hoiin.lini^ at n....ti 7 f:illi. 11 fi...|.4 ini'lii.», ri.Kl^l.T in. 2. It ma.v l.i>

ri'iiiiirk...! tliiil »..uii.liii(;i .^ri. M1I.J...1 t.i uii.i-rlainly in i-.is.. ..f any .Irill i.f llj.' i.e li.'l.l in «lii. li llii' vo»mi:1 wiia

iml'uiMfl, .'in.l .nU.i in i;i»u llu- liiilt..ni \v mAI. S.iii.' ;iIIi.\v.-iik'.! nm<l In' ina.lr fur slroti'li ..f llw liiif.

K.ih v,-,t ii.ili i:.'.t

N.iv. ;ii., .Souii.liiij! at luxin 7 1! :i If.i (Tlii^t soun.lius' ^v.•\^. not lln.'.l, .iiip.ircliUv liot roliaMu.)

I).-.-. 1. • " X „ „ .j„..j
1

-' ' " 7 .^ G --.7 A iiifan .iirn.i-ti.»iMv,'H IIS...1 f..r tli.'s.. .lays, as ilf-.lii.t'.l

'* " " >^ 1' II --.II from uiivi'I'ipiiiL' ciirvi's ati.l tlic ^..iiii-linKs.

••
' 1 1 II :;-j.ii

J



IlKCOnn .\ND KKDUCTIOX OP T It M TIDKS. la

7.7

rt.l

li.t

r.i.-.;

1 1.7

i-.;.i

iii.i

• - 1

' 1
"

" 1 .-

u.ri 1 i.:i

ol ri'liiil'li'-)

Skiiik.ji I.—TlDAi, Oewkuvatkinh FiiiiM OrrruiiER Id, 1S53, to Ukckmiieu 2.S, l)-."i:i. 1

llouily iiljacrviitiotiH oil tlio piilli'y-tfimtco. .\ilo|itc<I rcadiiif; of nicnii level 7.0, cxprcsHcil in units 1

of llm .scalt!. I itrou.sinn tiiiiulier.s iiidicttte li.ie of wnlir.

December, 1853.

Mrntl 6lh. n»ii. H-r mil. lleil. llrf. Till. He.l. '\ut. 8ih. ; Ue.l Ilef Ulh.
'

Ue.l. Ilef imh, Ke.l. Kef.

..ihir
! I., ol... h, ..bs. In (ib>. 1 t.. oW, 1.. ..I.<, 1.. eba.

liMiir. level. lei el. level. level. level. I.vel,

1 2.:t +1.4 :l.7 l.N —11.1 1.7

1 III. 7 — ii.i; ••.1 211.1 — l.'i.n 4.S 4.7 -2.7 2.0 2..'. +1.(1 :i.5 1.2 I.I 7.5 -l.- 5.7

-11,- '• >.i:
1

:i.l +(i.s :t.ii 1.4 —0.2 1.2

1! ^0.:. —11.7 t*> 21. li — l.'i.S ll.H 5.2 —3.11 2.1 :i.7 +11.7 4.4 l.(i 1.4 7!l — l.ll 5/2
:ii..- •• n.i 22.1 — lli.l li.d 7.2 • 5.:i

11 •Jll.4 — ll.H t-.ll 22..'. — lli.4 11.1

22.4 —111. 11 .'..S

22..'. — lll.ll 5.11

7.11 —.1.5 4.4 4.7
,

+0.5 5.2 2.7 —0.3 2.4 7.5 —2.11 5.5

4
1 .'..' >. 1

I'.i.;; — ll.:i 7.:i !!.(> —3.!i 6.1 5.(i' —0.3 B.!l 3.(1 it 3.3 8.2 " 11.2

J'J :, 1 7.1 5.4
1

,'i 17.il —12.11 fi.li 22J -I7.:i 4.1- 1(1.0 —4.4 5.0 7.111 0.0 7.(1 7.0 -0.4 (i.i; (1.5 -2.1 7.4

1 b.ii —11.7 7.:i

r* 17.1 —12.1 r,.ii 21.2 — 17.li 3.1; 11." —S.O, C.d li.li —1.5 7.ii

:i.x —2.2 7.ii

si.ii —;i.(i ti.ii

11.1 "
' 8.7 11.2 —2.2 I'.O

7 14.7 -12.2 2..'. 21. :i — 17.!1 H.4 If:'. —5]4 ti!:. i(i.:t —0.5 n.t. 12.3 " 1(1.1

11.:; 2.1 21'..'. — Is.l 2.4 12.5 —5.7 11.

s

H l:i.i; — I2.:i l.:i 2ii.ii — 1H.:1 2.H 12.4 —5.11
,

(1.5 11. :i —4.5 cs 11. :i " iii.« 1:1.1' — 2.:i 10.7

Ki.il • 1.:) 211.7 —1.^.4 2.:i 12..'. — ll.l 11.4 11. >• — 11..1 11.2 1:1.1 •• 10.-

9 1.1.7 -12.4 l.:i 21.1 — 18.G 2.5 12.:i — ii.:i ii.ii 11.4 — fi.ii 5.4 11. Il " 11.11 1:1. :i —2.4 lll.ll

1 1.4 •• 2.11
1 11.7 d..', f,/^ 11.2 -11.7 11'..'. 1:1.5 " ll.l

10 l.'i.2 -12.5 2.7 21.li— 18.11 2.7 12.2 —U.H 5^4 12.4 —7.5 4.ii 10.7 " lll.ll 1:1. :i, —2.5 lii.s

11 17. h -12.1! .'1.2 22.7 — iii.:t ;i.4 11.2 —7.;i :l.!i

1

1:1.2 — n.ii 4.2 11.7 —li.X t-.n 11." "
i 0.3

Noiiii 111.(1—12.7 II.:) 24.7—111.11 4.1 11.1 -7.7' :!.4 lll.ll —10.5 :i.l h.ii —0.11 7.1 n.s -2.11 7.2
i ; 14.1 —11.2 2.11

1 211.11 — 12.!1 '^.O

1

20.7 —1».[P' (1.8

1

17.1 -1:1.1 4.0 15.11 _l2.li :i.ii 4..'. " 3.11

4.7 —1.0 :1.7

11.2 —2.7 (1.5

S-li —2.S 5.S
o 2;i..'i _i:t.i 10.4

21.1 — l:i,'j III.2

2«.:i —2o.:!| «.o

211..'. —211.4 11.1

1:1.7 -1:1.1; ll.l 4.7 • :i.7 8.2 —2. 'J 5.:l

•.:l " 5.4

H 21.1 — i:i.:i in.H :iii.;i —211.11 11.7 21. :i -14.2 7.1 5.2 —1.1 4.1 >.7 — :l.ii 5.7
24. ; — l:l.^ 11.1 -MM — 2II.S 10.2 11.2 — :i.l ll.l

4 24.1 — i.i.I) lu.ii :il.:i —21.11 io.;i

,;ii..'. -21.2 lii.;i

24.2 — 14.7 !i.5

1
7.2 .-1.2 11.(1 0.7 " i;.i;

.'( 2:1.2 —1:1.7 1I..1 ;il..'. —2l.:i

:ii...'. —21..'.

2»..'i —21.7

111.2 4.11 +-1.N 11.7 =
"i 111. 2 " l>.ii 10.2 -3.2 7.11

(i 21. li — i:).:i 7.7 (j.s 5.:i +4.4' 11.7 -r ?
S

11.2 — i.:i 11.11 11.2 —3.3 7.11

1

.'..7 + 4.2 11.11 i: t ;

7 is. 11 —14.1 4.« 27.5 —22.(1 5.5 ti.-l +4,(1 10.4 a 3 !r 12.,>. " 11.5 11.11—3.5 8.4

1

ti.'* +:i.- lll.ll •^ 1:1.11 —1.4 n.ii 12.2 " -.7
8 17.2 -14.2 ;!.0 24.7 —22.4 2.:l 7.11 +:i.iiilii.ii i. .1 .r* 1:1.2 •• 11.- 12.it —3.(1 ii.3

|2l.,^ -22..', 2.11 (1.7 +:i.4 iii.l H r;
"

l:!.l —1.5 11.11 12.7 '-3.7 11.0

IP lii.l —14.4 1.7i24.7 —22.7 2.ii il.i. +:i.2 11.2 i t £. 12.4 •• ii'.ii lll.ll _:i.s ii.-j

l.'i.r. —14.,^ 1.11 21. '.1 —22.11 •.;.ii ^ .= ^ 1:1.0 — :i.ii 11.1

10 l.'i.x —14.11 1.2!2.'i.li —2:i.l 1.11

I'l.'l —14.7 1.11 -ji,; _-^:i.;! 1.4

4.2 +2.7 ti.ii 11.1 — l.li 11.5 12.1; —4.(1 8.1I

11 17.1 — 14.> 2.:i.24.7 — 2:i..'i 1.2

1 I24.7 -2:1.7 1.11

-••' +2.2' .5.1 !1.8 " 8.2

i

11.2 —4.1 7.1

Miiln'tlS.U —IS.Oj 3.9.a.i —aa.'j i 1.2II
1 1 •

<

2.(1 + 1.8| 3.8
1

8.2 —1.7
1 0.5 ii.5 —4.2 5.3

V'.itti. F--.'l. Iru'li, li.c

Pt..'. .^, f^ouliiliiic at iioim 7 1 '• 211, eliailjje.l to 111. 1 On these .lays the eorreetion* .le.lne.>.l
" >;. •' " i; .1 11 25 V liy enveto|tini; ellrves or rtonn.link's
" 7. 1 4 11

^. " "
(I .t 1

1 1.1, elian.;e.l to 111. ) aL'ree very well.
1:1 (1

•'
'.'. " •• il 4 11 7.ii (The mean of the two reailiiiiis in H.o.)

_" 111. ' •• i; 4 li 11.7 ( ' ll.H.)
Knim till, lit h to till' isth lit I>ot'('ir)l'tT tlu- corrt'ctioiis iloil^notMl from curves niul souhiIIiilm ilitfi-r l-va ooii«t.niit 1

lit nearly 4 fc.t. Tin. .liir.Ti'iiri.s are partly <l> i. to ini|.i.rfeet M.inuliui;.'. [larlly te, ..oi.l.len eh.iii!;,.s of the pullev-
^laiui' (:.t'u n'ailiiiLi.s tiftwceii immi jiiitl 1 1'. M. 011 Ih.. IMh). The heinlilM uiven. as eorreele.l l.y th.' soiiieliiK's
anil lurvi's, an', .liirini; this pei iml, of lilll,. va n.., the times I.eiug l.'^<s all'e.le.l. The soiin.linus were ineiease.l
liy 4 feet, enll.'il to a rivuliii^ of the mean level ,.f :l2.il.



u KKCOlin AND IlKnUCTION OK T II K TIDKS

SeIURS I.—TiDAI. OllKKIIVATKiNH riKI.M OlTlllIKH 1(1, 18.'>;1, Til PECK.MIIEII 28, 18f);i. 1

llcmrl)' olisi'1'viitiiiiiit oil ihi' pull 7-fraiif;c. Ailojili'il rciiilliii; or iiienii Icvfl 7.0, i'.\|ir('>iiii'(l In iiiiltH 1

o( till' M'uli'. IiicreiiKliii; i

Dooom

iiiiiliiTH liullriiti) rise of wolcr.

. „. 1

ber, 18&3.

.M.-.iii mil ii.'.i. ii.'i I'.'lli. R>il. n.f. 1.1th. Rxl. R«r 14th. Rtii. in<r. IMh. Kn.!. 'Kef. 16lh. Rril. H.f
..il«r IM will.

i
•" ub«. 0. ul.l. 1.. .»i.<. Ill "b.. in ubi.

1 r ll'Vl'l.
1 l«vrl. In..|. ll'Vol le»»l. lc».l.

1 21.4 -14.11 7.4
1

23.0 —10.11 12.4

1 ^.'J — 4.:i M.'.i 12.2 —1.8 3.4 20.7 -14.1 il.ii 13.11 — 7.(i 11.3 15.4 -8.5 B.9 22.7 —10.8
1

11. ft

: 7.4 -4.4 :t.ii 11.1 -11.1 2.0 20.3 —14.3! il.c l-.l' 11 5.3 13.7 ^j 5.2 20.4—11.1 ft.3

:i
1". '« — 4..' 2.:i

— I.'l 1.7

10.2' —11.11

111. II — II..',

0.11

II .'.

111.8 -14.5' 6.3
11.11 --I4.il 1.3

11.2

111.2

-7.7 3.6

2.5

12.2 —8,tl 3,0 18,B —11.4 7.1

1

4 i;..'i —4.7 1.- 1(1.11 —11.7 0.3 11.2 —14.7 3.6 10.11 M 2.3 11.5 H 2.9 10.0 —11.7 4.3
"..'i -4.1 2.7 111.2 — 11.1 (1.4 11.7 -11.8 3.11 10.11 (1 2.3 11.3 II 2.7 16.3 —11.1 x;,

r, *.7 —4.U a.h 111.4 —1(1.(1 ti.4 111.4 -14.11 4.8 1(1.0 41 2.3 11.1 -8.7 2.4 16.4 —12.11 :i.4

111.2 " 2.5 11.4 »' 2.7 16.ft —12.2 3.7

I! 11.- — ."i.il ti.K 12.1) -111.2 2.7 20.1 -16.1 6.7 1(1. d —7.H 2.D 11.7 14 3.11 10,1 —12.3 :i.8

12.2 —8.1 3.4 *

7 12.4 -.'..1 ".:i 15.6 —1(1.4 ,',.! 22.6 -15.3 7.2 12.1 u 4,3 12.9 " 4.1 17.2 —12.0
1

4.0

H i;f.7

14.2

— .'i.2

- .'i.:i I.'.l

Ii.d— 111.7 7.3 24.7 -16.

S

11.2 19.1 -7.9 7.2 15.2 11.4 111.1 — 12.ft

1

0.2

;( 14.7 -r..4 '.i.:l 111.7 —1(1.3 H.8 26.7 -16.7 10.0 17.2 l« 9.3 17.8 —8.11 8.n 21.2 —13.4 7.1
l."..ii — .'...'i 'j..'i

1

(

1

111 l.'i.ii 11..-; 20.4 -11.1 11.3 2(1.7 —16.11 10.8 111.4 —s.o UA rj.il " 10.7 24.0-13.7 10.3

11.7 -r,.ii :i.i 211.1 —11.2 11.11 27.11 — lil.o ll.i' 20.2 " U.'J 1

n I4.:i "
i

"" 21.2 — 11.3 11.11 27.0 — lil.l lii.li 20.6 •* i'j.r» 20.6 " 11. il 211.0 —14.1 11. ft

1

211.2 —11.4 1.S 27.1 -|.;.2 lii.li 20.2 <• 12.2
1

X,.,.n \:\A -6.7 '

7.7 211.2 — ll..'i 8.7 2il.i —111.3
12.0 r

111.6 lii.li -1.1 11.6 21.(1

22.0

—9.0 12.0
" 13.0

27.3-14.6
27.6 —14.7

12.1

12.1

1 n.2 -5.0
\

5.3 20.2 '-1 1.7 8.5 11.11 18.2 II 10.1 22.3
21.2

— ft.t 13.2
" 12.1

27.3 —14.1
2ll.i — 16.0

12.6

11.1

2 11.4 —(i.l :i.:i

— ti!4 IA<

li..', -ii.n li.(! 111. 11 ? 111.2 " 8.1 20.1 -9.2 10.11 20.(1 —15.1
1

lO.U

:i
I-.:! lli.i -12.1 4.7 lii.i —7.1 3.7 13.1 —8.2 6.0 17.0 —9.3 1.3 23.1 -15.3 7.8

'•.:i — i;.,l 1." 1

4 -.7 -11.7 2.(1 IS. 11 -12.3 3.(i 10.2 -7.2 3.0 11.6 '* 3.3 10.2 -11.4 H.i 21.0 — 15.6 5.6

1.'..2 -12.4 2.

1

lii.ii ' 2.8 11.1 •1 2.11

.'i ;i.7 — I'. 11 2." l.'Mi -12.,'. 3.1 10.3 " ' 3.1

10.3 " 3.1

lO.H

10.1

" 2.1!

2.il

16. r,

1.'..4

—ft. 6 0.1

6.11

18,3 — IB.fl 2.7

i; 11.2 -7.1
1
4.1 17.7j-12.7 .'..II 10.7 -7.3 3.4 10.7

10.11

11.2

— >».ri 2.4 16.1 — li.ii 6.6 17.0 —16.8 1.1

1 12.:i -7.3 5.11 10.7-12.11 (1.1 12.2 " 4.9
\

15!7 —11.7 (1.0

1 7 . Ti

I7.r)
1- w.

— 15.9

1.7

l.O

H l:t.7 -7.11 (i.l 21.0—13.1 7.11 13.0 " 6.7 13.7 " \'-' 1(1.1 —9.1 7.0 —lO.O 1.7

;i ';'': —7.1 7.4 21.11 —13.3 8.11 l.'..l -7.4
1 '. 7 "

7.7

8.3

l.li

15.6 " 1" 18.8 —11.9 8. ft 19.7 -16.1 3.0

1" 1 .1 . .s — -!i

1 .1

7.7 22.8 —13.5 S.3 lll.ii Hi. 11 -1.4 8.6 21.2 —10.1 11.1 21.6 -10.2 5.3
1 Ti .

** — s.:! l-'i 23.2 — M.ii It. 11 l.l.ii •• 1.11 17.2 "
' 8.1

II '•'••' — .4 (l.'.i 23.3 —13.7
23.4 — 13.S

11. t.

!1.«

lil.n —7.6 8.6117.3

16.7 " 1.2 17.2

8.11

" i 8.1

22.4
22.11

— 10.3 12.1

-111.4 12.6

23.1 -10.3 5.8

Mi.ln't l:'..7

1

— ».ii .'..1 23.4—13.11 11.,'. 1,6.2 1 " 7.7 17.1 " 1.7 23.0 — 10.5 12.6 23.8 -10.4 7.4

F>lh r^.! Inrli K.-,

Dim. 11. Sounding at nnon li 2 ft 13.3

" 12. li 4 111.11

" 13. 7 13 13.3 (Changed rrom 2(1.8)

" 14. " 7 2 2 111.4

" I.'l. 7 4 (1 21.2

7 3 11 27. il



llKCOlin .VNI) KKDUCTION OK Till; T1I»KS. Ifi

4.:i

1.7 1

f

fctn - 1.—TlllAI OnsKllVATIuNS nillM OlTdllK.ll 10, |S >;l, T(l llKCHMllHll '.'H, m.'l3.

Hourly ol'oorva'un- on I 10 pnlli'y-(tau|{0. AdiipU'il riiuling of menu level 7.0, cxpres.ieil in iinit.s

of the Bcolc. IiicrcaHlnK immlierH Indicate rldo of water.

December, 1853.

Mi'nn irili. It...|. lift. ISIh. lUJ. H.f. lUth. Rtil. 'Hrr. 3iltll lli'l. Il.l. i\rl KM. Ill'f. 33(1. R«l. n,f.
»..liir • 1., ..!.>. * lo o)i<. • to olif. III ol.'. to OI.TI. Ill ulj>.

lioiir. Irv.'l. l«Vi.l. IlvcI. , :..ii.| Il'll'l, l|.Vtfl.

24.11 -.111.:, 7..>i 2:1.4 -17,t! .'i.rt 4.1 +.1.11 7.1

1 2:1.7 —111. II, 7.1

1

2:1.4

2:1.4 „
fi.h

.1.,s

4.2 +2.:i 7.1

.'i.ti +2.7 7.7

14.5 —3.11

1

111.11 211.4 -111.7 11.7 20.« -1,1.7 u.o

- 2:t.S -10.7 7.1 23.2

22.11

11 5.11

fi.ii

,'i.7 +2..'i v2 15.1 —4.2
l.-p.:i -4.4

lli.H

111.11

21.1 —11.11 111,4

22.4 —11.1 II. :i

21.11 " 7.9

:) 22.11 " H.2 21.7 *' 4.1 5.0 +2.2 , 7.2 15.2 -4.5
14.2 -4.7

10.7

11.5

22.11 -11.;) 11.11

22.:) —11.4 lii.;i

22.2
"

8.5

^.7
4 21. .'1 — Ul.« 4.7 211.2 " 2.0 3.7 +2.0 i

6.7 l:).5 —4.H 8.7 21. ;i —11.(1 11.7 22.6 _|;i.s 8.7

!< 20..'i " 3.7
l;i.ll " ' It.l

lii.il —1(1.1) 2.7

21.3 l( 3.7 2.1 +1.8
j

3.9 12.2 -5.2 7.0 21.11-11.11 11.1 22!:! "
9.1

8.5

,\ 20.0 •• 2.4 1.4 +1.11 '

:l.ii 111.5 —5.5 5.11 10.;i —12.2 7.1 21.7 II 7.9
lii.7 2.S i<.i.:i

" 1.7 1.1 +1.4 2..'.|

7 211.2 " ' ;i.;t 11..1 II o.:i 1.1+1.) 2.4,111.1 —5... 4.3 18.3 —12.4 il.it 211.9 " 7.1
211.2 II 2.11 0.11+1.1 2.0

1

H 21.7 -17.11 4.7 211.4 -I7,r, 2.8 l.U + 1.0 2.11

1

(i.il — il.l

7.7 -il.:) \.l

17.8 -12.11 5.2

17.2 -12.7 4.5
l:'.3 -i;).ii

111.4;

5.4

5.5
•1 2.'.. 11 " -.11 4.:i / 2.11 +0.S 3.7 8.0 —11.4 1.11 17.4 —12.8 4.11 1 11.01 11 5.1

S.7 —11.5 2.2 17. ^ -12.11 4.11 111.0 5.1
ll> 27.7 -17.1 lii.il 7.S '* ... 5.0 + 0.11 5.11 It.,', — 1;.7 2.8 18.;) —13.(1 6.3 19.3 " 5.4

11 2<.s .' 11.7 s.:i II
7.1 +0.3 7.4 11. ;i -7.1 4.2 19.5—1:1.2' 1I.3 20.3 11 (1.4

Nwm lli.H " ... H.2 0.0 8.2 l:i,l —7.5
1

5.11 2K2 -1:1.4' 7.8 21.7 -14.11 7.7

1 2I:h; " 12.4 It ... 10.4 —0.2 111.2 HI. 11 —7.7 ii.2

27.8 f

-i.j
'.'.'.

2:).0 I' 9.11

12..'i
<l 1(1.7 —(!.:) iii..i|

2 20.0 " li.ri It — 1(1.7 —(1.5 111.2 18.2 — 7.!i 111.:) 24.4 —13.4 11.0 21.5 —14.1 111. 4
111.7 —o.il lii.l 18.4 — *.ll 111.4

:i !•<.« " — ... ... In.il — (i.H 11.

^

18.5 —8.1 111.4 24.7 —13.5 11.2 25.3 _H..J 11.1

1
1-.5 — ».2 li>.:i 25.11 .. 11.5 25.0 " 111.8

4 i».ri -17.S o.n 11.11 — 1.11 v.ii 17.11 —8.3 11. Il 25.11 .. 11.,', 25.8 —14.3 11.5
li<.:t; " 11.7 24.4 " 111.11 25.9 " 111.11

'1 IH.2

lH.2

" n.ii

11. li

— I-.2 —1.2 7.11 17.1' —8.5
111.2 -8.11

...5

7.t!

2:1.5 .. 10.11 25.11 —14.4 11.2
2.-1.1 " ,111.7

1! 18.;)

1S.4

*' (1.7 — 8.5 -1.5 7.11 15, il —8,7
lll.O -8,11 I'.'l

22.1 8.1! •.;4.3 -14.5 9.8

7 IS.H

is.a :,

— 15.2 1 — 7.7 —1.7 11.11

7.(1 —1.11 6.7

lH.ll —11.1 7.5 20.2 " 11.7 22.5 -14.11 7.9

s i-;i

IH.K 14 :::
15.4 II — 7.11 —2.11 5.11

fl.S —2.2 7.ii

17.0 —'J.

4

7.ii 19.3 —13.(1
18.3

5.7

4.7

21.0 -14.7 11.

3

*( 111.4 " — lU.O tl — 10.4 —2.4 8.11 17.0 — !).7 7.:) 18.0 .1

l-.o ••

4.4

4.4
20.8 —14 S ll.O

10 20.8 II 17.8 u 11.11 -2..- 8.S 17.11 -lii.d 7.11 l-.ii "

1-.:) "
4.4

4.7

19.8 -14.11
19.4 n

'• 21. SI
" — 20.2 II 13. il —:).2 10.4 1-.2 —111.2 ...11 1".2 "

5.tl 19.2 -15.0 4.2

Mi.ln't'23.:! -17.11 .'t.7 2:1.2 -17.0 li.2 15.7' — :).il ,12 1' 18.11 —10.4 >.5 111..-. _l;l,7 5.S

19.4

19.8 -l.',,|

4.4

4.7

Viilli t '1 ll.tli ltt',<|.|,>r

DiHi. 17* 8ounilini7 nt noon 7 'i :iii.ii (•li.innpil to 2.1.0. » Ko!iiiII.< (louliiiiil.
" IS. " 7 •' :"-' (= 11.:!). Ti.lo n.cHliT l.rok.' ,lo«n ,il 21 P.M.; was r.-
'* 10. Nuiioiintliiigt.ikt 11. Ip.iiii'.l .111.1 lilisi.rv.ilions couinioiu'o.l at 7 V. .M.

" 21. Soim.ling «t 11001 7 •'
''

-'••'i. f'orrovtion at iiooii liy sonii.liins 12.:l, li.v .urvi's 14.."..
I* O.J ,1 „

7 :t 11 21.7. Moan coricotion -'••" llllOIlll «.lo|ili.,l.
The lu'i(!lils on llio 18i!i ni a I'Jth liavf bi'ou rcjfi'tfii.



I'mn*

k; UKcoui) .\ M» im:i»ih TioN ov riih; tidiis.

L

HtMtx I Tlll.U, t»llH«RVATIIlNH UliiM OlInllleH III, HSU, Til l»«Cl:MIIKIl 'i-*. IHftU.

Iliiiirly ()li»i'rvaliip|i.( nii tlio |iiill()-){iiiix(' .\ilii|iliil nwliiin of iiii'uii Ifvcl T.li, i'Xiiri'iii(«il in uiiilH

iif tilt' iL'iili'. liii'ri'iiKiii^ iiiiiiilH'r.'t 1 IlllicUlc rliL

k3.

(if wttlcr

Deoomber, Is:

.M.nii t:,.l. lU.l. ,11.1. jtih. lU'i. lur. Ii.ib. iU"i. u>f iSiiib ii.,i. lur I'll! lui. lur. iimiii lu.i. .lur.

-.liir 1.1
,
..111. l» uba. I'l ..l'<, 1" ..!.•. 1.1 . ubi, 1 i.> i>\». 1

1 r Irvrl. Uftl. level. Irvel U»l.
;

Irvi-I. 1

I

lit..-. " 2.7
1

1 2ii.li—IB.3 4.S lli.l — lil.li :).l l:i.:l — lil.li 2.4

l;..:l " 2.4

1.0 4-1.4 n.:i

l.H " .
:t.2

».l

2.7

-0.4 •2.7

2.11

7.1 —2.(1 5.1

- 21 1 '-16.;) 5.'- 111.7 " :i.7 lil.li —17.11 j.ii 1.- " :i.2

l.ii :).;i

'i.:i

2.7

—(i.B l.M

2.2

B.7 —a.) 3.(1

:i 22." -15.4 11,11 21.11 .. :,.(, 2ii.;i -17.1 11.2 2.1, +l.:t y.4 11.5 —(Mi ii.9 4.4

4.1

» a.:t

—2. a 1.9

1 22.7 .-16.11 7.2 21.7 -l.'i.li ,..>. 21. J> -17.2 4.tl i.'i +1.2 4.4 M.li II ?2.4 4.2 " 2.(1
1

4.3' —±:i 2.0 1
!t :;i.iiLl6.il

''
t

1 1 **

7.4 22 li.l 2:1.1 — I7.:i li.l J.ti '1
,

(i.8 4.7 -0.7 4.0 4.7 "
1

a.4

1) 2|1 — 16.7 7.4 2H.4 • 7.; 24.11 -17.4 7.6 tl.7 +1.0 7.7 (1.(1
u 6.9 (1.9 -3.4 4.6

7 2;u'i;— 15.8 7.2 2njl —1;..- 7>
2:1.1 " 7.:l

26.:i -17.5 7.H

2.''.,'. C.ii

i<.2 4 11.9 li.l 8.6 — o.»* 7.7 11,2 1. '(!,.

h 22.4;-16.ll 11.6 22.11 " '7.1 25.11 —17.6 f.ii 11.2 +(1.K lli.ll m.d —0.9 11.7 li.l —2.6 h.il

i'l.ii " f.ii;iii.7 " 11.5

it 21.11;—Id.O 6.1.1 22.3 11 1I.6 25.1 "
,
7.6 9.K, +11.7 li'.6 11.11 —1.(1 lii.ii l:i.:i .. |i,.«

12.2' " 11.2 1:1. » " 11.1

1" 211..1 —lil.l

1

4..'i 21.2 '• 6,4 2:i.ti —17.7 6.1.1 8.6 "
i"-^

12.11—1.1 li.l.

11. Ill " |i'.5

14.21 —2.(1 11.(1

11.2 •• 11.(1

11 I1P.4 -lii.2l :i.2 21.(1 "
i

6.2 22.11 -17.H 6.1 U.7 +o.(i 7.1 11.11—1.2 ;i.H 1.1.7 " 11.1

l''.:i "
. :i.l 211.7 " 4.!t 22. :i " 4 6 i

N,..n 2". 4 — lii.;t

1

4.1 2(i.;i —16.7 4.11

21. ;t .'..11

21.7 " 11,11

22.11 —17, "1 4.1
•»> 11 •! 11

6,11' +0.(1 11.2 !i.2J-l.:i 7.11 11.7 -2.7 11.11

1 21.4' " .'..1 22.2 — li>.i. 4.2 1. 1 " 5.11
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S.li

10.11

13.0

M.o
I'l.ii

111.1

I11..1

1.4

1.2

l.ii

2.0

111..-. —11.4 lo.l

I-..', _;i.,; s.',i

M.o _!!.> ,1.2

14.11 —lo.o 4.11

Hi.

7

— lii.l 11. .1

13.11 —10,11

12.11 -10.4
12.11 _io..-,

111.7 — lo.il

14.7 —10.7

— 7.1* Il.O

11.11

12.1

I J..!

111..'. —7.1 12..|

7.2 12.11

—7.3 12.2

17.11

111.7

10.4

11.0

s.4111. 3 —
14..'i — s.ii I1..-I

12.11 — (i.l 4.-

12.3 — S.2 4.1

13.1 — S.3 4.S

1.-.2 —S.4 11.

111.3 — S..', 7.

IS. 7 — s.s \i.\t

lii.l — s,ll 10.2

111,11 —11,0 lll.tl

111,.-. —II.

I

1(1.4

lii.r. - 11.2 III. 3

11...I.

I..

l.-v,.l.

i!.r

..I.'.

1 3,0

2,4

3,1

4,11

111, 2 — lo.s .-,4

IS, 7 -10,11 7.S

20.- —11,1 :i,7

21,7 —11,2 111,'.

M,s
J4,3

M,2

• 13. .1

1.1.1

-11.3 II.,.

21. .'i —11.1 |i.,l

111,,'. .. ^.1

1.1.7 -II.,-. ,'i,2

14,7 • 3.2
14.3 • 2.-

14.2 -II. .1 2..1

14.2 • 2.il

14. Il ' 3.0

I.-..1 • 3
•

1.-.,- -11,7 4,1

lil,il 4,11

17.4 — 11,S ,'.,ii

Kill. 11, N.I iiiin.linK'.

Ill, Soan.liiitf ;it iioHii

13,

14,

r.iii. F....1 111.

2

I 11

1 t'l

roi'ri'.-li..l li.v sinni.Uiii; .

. l.v fiirv -li.ti.

Nil .^i.mvlim;.

Kl.li li.le ,nl 11 r. M. loniv;...| l..v -..un.liiii; — il.il, l.y ,ui

— (i,0. nu'ftii — (1,3,

<'nrrt'Ctoil by soatulilig — t),tl, In- rurve^ — 7.i', me.m - 7.1,

I

'HI
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'J(t UK CO 11 1) A .N I) UKDl'CTION ») T T II K T I D K .S.

.SkIIIKS H.—'I'lIHt. Ol)»F.llVATI(i.\H FROM .IaNIABY 2S Til Al'HlI, 7, l!<54.

lliiurlv iili.^iTMiliiiiis 1111 llie )iiilli'y-piiii(ro. Ailnptcil rciiiliiiK of nioiiii level ".D, expresseil in units |

iif llie .lenli Inrreiisiiig: mitnb Ts iiiiliciile rise of wiilrr.

1854.February
,

Jl.-nti i.ih. n,-.i R.r irih H..I ii^f (Till H.-.l 11.

1

l-ih 11,.

1

l(..f imii H...I. R..| Kllli R,hI R,.f

Mil^ir l.> ..!..• 1.. ..!.» |.. „Im to „l„. 1.. 1 i.l.>. ll«.

liniir llVl, Ifll'l. l.'t.'I irvrl. li-vrl.
[

Irvrl,

2.;.': -11. • II.-I22.2 — M.l l:t.l 2...7 -11.7 11.11

1 :;i.i; • 11. >• 22.2 —'.1.2 1:1.

n

21.2 -1..1; 11 .; |r,..v — n.ii S.Ti I7.>- — 1*.2 11.11 11.3 -5.4 .'..11

2.... 11.7 22.1 -:..:i 12.- 21. .1 •• 12.11
1

i

2 2:i..'' - il.;i 11..; 22.1 — ii.4 12.7 21.- —11..'. 12.:i l-.l Ill.ll I-..; " I10.4 13.7 " 8.3

21.- •• 12. :( 1-.4 —7.11 111..-,
1

•' 2:;.:' •' ll.il 2(1.11 — '.i.i; 11.1 21.11 ^11.4 \-:.:.

21.11 i2..'.

li..'. " lii.i;

1-..'. " 111..;

111.4

1:1.1;

—8.3 11.1

II. :i

IS..'.

I.'..9

" lll.l

' l:'.7 • 7.«il:i.ii — :i.>- 11.2

i

21.11 — .i.:t 12... IN. 2 — 7.S 1(1.4 l9.i;

Ill.ll

—".i 11.2

11.2

|i;.2

11.9

.' 11.,-

•' 17.7 -12.11 ...7 lii.lil — !l.9 (1.4 111.11 —11.2 ;..- |i;.:i >•.:• I9.:t '*
10.11 14.11 — r..."i V.'.

r. 11 -12 1 4.11 14.7 —10.1 4.6 I1I.4 —9.1 7.:i 1.-..I1 -7.6 7.4 17.7 —8..'. 9.2 12.7 " ' 7.2

-
l.'i.:'. :i.2 1:1.2 —ln,:i 2.1» I4.:i -(1.0 .'...1 11.

h

4.2 l.'i.S " 7.3 n 4 .. r».!t

|l2.'i -1.1.4 2,.'. 12.11 " :i.ii
1

^
1

...'. -12.2 ,i.:i,l2.7 -111..'.
1
2.2 12.11 —H.n 4,(1 10.1; :i.ii 14.2 —8.0 .^.ll 11.0 '.

B-.'i

l:'.7 — lii.ii .1.1 1:1.11 .. 4.1 11..4 2.- 11.0 r-.r*

• ) 17. t; .- 12.:i 4.N 14.- -Ui.7i 4.1 i:i..-. —8.- 4.7 I1..2 —7..'. 2.7 1:1.5 .1
4.11 11.11 ..

ri..'i

1...2 2.7 11.4 " .',9

1" r.'.T - 12.4 7.:i i.;.ii — iii.in ,'1.1

1

1.'i.4 --.7 .;.7 111..; -•" 1:1.3 —8.7
l:t.:i "

4.1;

4.1;

11.(1

11.11
'•,'.:,

n 22.:i ' Sl.ll 17..'. -11.11' 0..'. l-.n " 11.

H

1:1..'. 11. 11 1:1.2
1

" 4.r. 11.11 " ' .'...'.

-"1 —.«.(; 11..'. 1:1.3' " 4.11 11. :t '*
.'. .

1*

Ni«.i. 24..; -12..'. 12.1 21.2 -11.1 111.

1

14..; .' 14. r. —7.4 7.1 la.iii —8.8 4.- 11.7 — r..!) ii.i

2S,2 • 12.7 22.1 " 11.11 1 ...

1 I'.'.r. — ii.s 12.7 24.(1 —11.11 1:1.11 17.(1 ! l.'..:i 7.9 U.:i' — .'...'il -.« 12.2 .. (>,'>

l'...!- — .i.;i 12.'J 2:1.1. • 12.11 1 1

- I'.i.- ~7.li I.'.-. 24.11 _i(..;i:i:t 1

21.1. •• 1:1.1

l-.:i -r,.i; 11.7 17.2 —7..')

17,7 II1.2

I-..I1 - Uii.i

l.-..:i^ " 1...4

J.'...'.
" 11.'.'

:i lv:i -.7.2 11.1 22..-. -1.1..- 11.7 iK.2 — (;.7 11..'. 17.7 —7.11 lll.l I...2 •• I1..7 ir...'.
"

!'.:•

IT..; Ill.ll li;.2 •• 111.7 I'l.ii 10.1

4 1-4 —7.4 11.11 21.11 _iii,7 11. -2

I

17.2 — i;.;i iii.:i 17..'. 11.9 i:..7 •• 10.2

1

li;.:i " 10.7

" lol
.% 17.2 -7..; 9.1: Is.s — lll.H (i.2 1.'..4 -7.1 •^.:i 1.-..1. —7.7 -.2 1.-..4 —.'..,'. 9,11

1

l.'.'.K •• 111.2

i; U.7 _7.^ ,;.;i lil.d —111..'. .'..,'. 12.9 —7.2 .'..7 14.4 i;.7 14.3| •• s.- 1.'..,'. '* 9.11

; 12.7 - .-.11 4.7 1.-...; -1(1.4 .'..2 11.2 — 7.:i :i.ii 12. *- —'.b 5.0 12.0, " 1;,.'. !.'...'. 1

12.4 — H.l 4.)
1

S 12.:l —p. 2 4.1 12.11 — Ui.n; 2.ii -.s —7..'. 1.;! US, " .).« 10.31 » i.- 1.'...'. " . . -

1X7 — H.:l .'i.4 12..'. -111.2 2.3 -.11 —7.(1 ti.4 11.1 —7.9 :i.2 1

;) ir...i ->.4 7.2 12.H — lii.l
^
2.7 -.11 —7.7 (i.;i

-.11 • ii.;i

Ill.ll

Ill.ll

:i.ii

:i.ii

8.9 —.'..4 :l..-.

1

11.1

111 is.l --.1; 11..'. 14.:i — 11..11 4.:i K.7 —7.8 11.11 11. Ii — N.ll :i.ii 8.4: " 3.0

-.4: " :i.(i

l:l.7

11.0

" - -

11 l;i.:i — -.' lli.i 17.1 -11.11 7.2 11.11 —7.9 :i.i 12. :i. " 4.:i 8.4 1
" 3.0

8..'i' " :t.l

i:i..'.

1:1.6

" - -

Mi.ln'l 211.4 —11.11 11.4 111.7 — I'.S 11.11 l;t.^ —8.(1 .'..- 14.3. -H.l ii.2 9.4' — r..3 4.1 1:1,.'. " ...

Kiilli K.'T liirli

Felt. l.'.. Sdiniiliiii? .'it luHiii h 1 ti t'oiTertiini t>^ tiutiii'ling — I«."J, l.y enrrfrt — I'J.ri, iiumn — VJ..'V.

" 17. .... 7 a 11

" It*. ..
M 7 1 ,; (',irrt.rtp.l ri'nilinj: I'V mi Nmj i'.'*, !•>' i-nrVf.M 7.:t, Tr .'nn7.1. 1

" 111. " " 7 11 11 1 orrt-ile.l rf«itiiiK l.y umiii'liiig •'>.4, liy iiirvfM 4.2, umnn l.s. |

" 21'. Nn snuii'liiij:.

I
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iii.i
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I B.ft

in. I

lii.T

111 1

11'.-

,«';in —M

Skkie.s II Tili.M. OllSKllVATKiNS KUd.M .I.\NUAUY 28 TO Al'UII, 7 1854.

Hourly obsiTviUioiis on ll e |Mill('j-paii(,'c. Adniiteil readiiiic iif nipiin level 7.0 , c.xpresseil iii iinit.s

of the sciile. Inurcnsing iiunilicrs indiciitc rise of water.

Tebruary, 1854 1

.M"i.ii ::i!it. }iM. I!nf. j:M. Itoil. Kef. 2,1(1.1 Rfd. Ref. 24lll. Red. Ref. 2.1111. Red. IWf. 21111.. Red. Ref. 1
!<.>liir { :.l:f. 1.1 <.ii.«. Ii.<. lis ti> ulu. 1., ,ib9.

l,..ur I,.>rl. l,.Vfl loci. l,.v,l. ll'Vl'l. I,.v,l,

1 (>..'. — il.n 4..'i

1 m.T 4.7 12.4 -7.2 -1.2

11.* -7.:! 4..'p

14.4 — in.'.i :i.5

14.2 •• 3.3

0.8 — J.l 7. ( 111.(1 —2.2 S..1

- ... 11..'. .i.ri 11.8 —7.4 4.4

ll.h _7.r, 4.:i

14..-, —11.11 ;i..- 7.S .-'.7 s.* —2.4 11.4

:) ... \2.'.i " 11. !1 n.« —V.7 4.1 14.0 —11.1 3.S .r, s
'2,'Z 3.11

>
1

11.4 —2.7 3.7

1 ]\.-^ " .i*.2

1 -. 1 ( .* -I..!

l:i.ii —^.11 .'..n IH.l —11.2 4.0 t'.l —-2.3
.1.

1

.-1.2 —3.11 .;.:;

1 l.-,.4 ill 4.1 —3.1 l.n
•'' 14.1 ? ... 14.3 —8.2; ll.l 17.2 —11.3 5.0 5.(1 " 3.3 4.2 —3.2 1.0

4.3 —3.3 1.11

IS Kl.i: " ... 15.8 —8.3i 7.5
1

18.3 —11.5 (1.8 7.11 —2.4 5.2 4.7 —3.5 1.2

7 ... 13.1!
•• i... 1(1.8

' —8.5 8.3 10.4 —11.0 7.8 0.7 •• 7.3 il.il —3.7 2.0

8 12.7
1

-, (1 —11.2 'h

ii.:t

1
1

IH.l —8.ti 9.5 21.7 —11.8 0.0 11.0 —2.5 S.5 O.n —1.0 5.n

',1 I.V.'i

l.'i.n

1H.4 —8.7 0.7 22.2 —11.0 1,1.3 12.7 " 10.2 11.0 —4.3 11.7

in u'm
.i.-i

1. *..y lli.I —8.8 lo.:i

111..-. • 1,1.7

22.2 " ln.;t

22.3 — I2.n |n.:i 13.R —2.11

13.H "

11.2

11.2

lll.d —4.(1 S.4

11 14.2 1' S.tl l'.i.3 — 8.!> 10.4 22.2 —12.1 10 1 13.S 11.2 M.d —4.0 0.7

.Nonn i-.;.h — (!.2 'l.il 1-.7 —il.n '.1.7 2n.7 —12.3 H.4 13.7 —2.7 U.n 15.4 —5.4 in.n

17.11 -.-,.,-, n..-.

1 12.2 " ' 11.11 17.11 —11.3 8.11 111.11 —1.7 S.3 11.4 —1.0 0.5 17.5 —5.11 11.0

15.7 —.•..7 in.n
- 12.2 il.d M.7 — H.ti 7.1 7.11 " ,-..0 o.n —l.n '*.ii 15.0 —5.* 0.2

;i ... 12.2 — tl.,1 .'i.:i lil.l
' —0.11 (1.2

1,1.11 —10.0 li.o

11.11 — l.K 4.S

5.0, ;!.2

Il.n —1.1 4.0 13.1 —(1.(1 7.1

4 12. .^

11.

n

" (1.2

4.7

lil.ll —10.2 5.S

III. 11 " 5.S

4.11

5.3

" 2.8
" 3.5

4.7 —1.3
3.3

3.1

2,11

10.2 -il.l 4.1

.^ 11.7 —(1.4 .'i.:i 111. 2 5.7 5.11 3.- .1.7 —1.4 2.3 0.5 —(1.2 3.3
12.11 " 'i..'i M.il " li.4 0.4 —(1.3 3.1

l! 14.2 *'
.

7.li 17.11 —10.3 ii.7 11.4 4.11 4.1 -1.5 2.il 0.4 —H.4 3.11

11.5 —(1.5 3.11

( 1.1.1

I.-..2

—ii.ri s.ii 1-." " 7.7 7.7 " 5.11 5.4 -l.il 3.- 11.8 _(l.(i 3.2

8 l;i..'. —:,.- 7.7 l,-..7 — U.li 11.1 IS.O —10.4 8..-. 0. ll —1.0 7.7 8.11 —1.7 (1.3 11.5 — (i.7 4.--

l.'i.O ••
:

Il.n 111.3 • ^^.;l

;t iz:- " (1.7 l.i.:!

i.'i.l

—0.7 s.d

1 7.4

10.3 —10.5 S.N

10.3 " > S.8

10.8

11.3

8.0

0.4

10.2 — l.s 8.4 15.0 — il.s s.'J

in 11.2 —,'..!) ,'i.H ir..ii — 11."; 8.2 10.11 —lO.ii 8.4
1 ;

11.(1

11. ll

" 0.7

0.7

11.0 —1,0
12.3

10.11

l".4

1(1.;! _(1.0 0.4

11 10.4 •' ' 4.5 I4.ti —(l.i) 7.7 is. 5 —10.7, 7.8 11.(1 0.7 12.4 —2.n 111.4 17. * —7.0 ln.>-
in.,-, '• 4.(1

[

11.11 0.7 12.4 • in.

4

MiJn'l lO.i! "
; 4.;! 13. .1 —7.n (i.H 1(1.4 — in.s' 5.(1 ln.,1 —2.11 *.ii 111.3 1-.4 —7.1 11.3

Frli. 'Jl. UcnitiiiKi* irrf^iilar
, tiili'-KMuifc out of uril.T ,11 s A. M., ri'pnir.'J nt nonii. Simn ling 7 f.ith,, 1 ft,,0 in.

I'.ii. iJ .tihi :;:). n'o smm.iijii;.

.till K<.>l l,„1i

Kfli. -4. ^'ouitiling at iiwn t> Ji n Coiri't-lidus ilcrivcl frfiiu curves.
*' m'*. *' " 7 n ll Klili ti.ti' at 11 A. M. rorrvctinns il.'rivc. from furv.'s.
" 2ii. 7 .'i ll Currfitioii ilorivi'il from tlie nieaiis liy so Hiding nii,l L'urvox.

^™^

i
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•22 liKl'OIll) .\ M» I! i: l)i;c Tilts' (IK I' II K IIDKS.

SKIUKS 11.— I'ln.M. OllSKRVATItlNS FIIUM .Iamauy 2S to Al'llll. 7, 1854.

Iliiiirly iscrviilions on llie jiiilk'y-piiiijfi Ailii|itril rt'iuliiip 1)1' iiicim level 7.", e.vpresseil in iinils

111' till; seiili'. lucreiisiiij; mimber.H imiieule rise nl' wuti r.

February, 1854 March, 1854.

.M.'iiii :•;,„. It,-4 Iti'f jMii. i;..4. ii,.r. 1,1, U.-.I Kpf -'.1. Il,,.l. Il.-I .14 Il.,4, lief nil It.-l Itef.

...lar

liMiir

I.I

ltv,4.

ul)«. Ill oli>.

I,.v,.|

1., ,.1„

l..\.-l

I,. ..I.y.

I..\..| level

oh>. 1.1 ullK.

level.

I.-..1' —4.:i lii.l 1.''..'' —.'..11 |.i..'. 111.2 —.',.11 11.2 I4..'i -.Vl 0.1

1 1-.:: -7. '< n.i' 14.- • 11. :• Iil.ll II. :i 17.11 " 12.11

17." • 12."

l.-...'i

I'l.ll

lll.l

llMl

1:1.1 —.I.I S."

- 17..'. -7.4 I'M I-.:.- • 7.',' M.:! 11. :i 17." 12.11

M..-I " II..-.

111."

111."

lll.li

lo.ii

I.-..4 —.-..11 111.4

I.-..11 • lli.'.l

;i 17.- — 7 .

''• lf>.:i 11." '• li.l IM.'.i -.'.1 111." 11." 111." " 10.11 I'l." —4.11 li.l

r..7 lii.:i I'l.li • 11.1

A !:.,! * ".- " -.:i 12.11 '• 7.11 1.1.1 l".l 11- —.'...'. :.:! 1.'..- .11

...:i —4.- It..'

' 4.4

4.4

" -0.4
.-.11.1

.'..r> " II. •; 111.'. • ,'..:. 12.8 •• "*.>• 1:1.11 -.1 14.2 -4.- 0.4

>' ."'.1' "
f'.J .'•.II " 11.

1

.i.ii " 11.

1

':d

" *J 2 11.1 " li.l 12.4 • il.ii 12.1 • 7.:l

7
.'.- '• \M .'..11 •• 11.1 .'...'. )'.:. '.1.0 " 4.0 li.l — ,-i.« .^..'i 0.7 —4.7 .'..0

li.-.' " i.:i .'...'. <*..'' ^.'^ " li... 0. 1 " 4.4
" "..i ' ''•'' 7.11 .. ::.i " (t.r.

)'.7

7.5 •• -' ;i ,1 11

-.1

11.- -.11 " ' n.it

-.7 " 4.0
;t 11.1 li.:'. ii'.ii " .-..1 7,11 " U.f' .H.2 " lt.2 '.1.0 ii.4 0.0 •• 4.11

M ) 1.4 " I'.ii IJ.'.i " S.O !!..'. 4..'. 10.11 " .'»." '.1.7 -.-1.7 4.0 -.4 " :i 7

-.7 " 4.0

U '* n.r.
1
'>

t

I'M' " 11.1 in.,'. " ^..'i 12.S " 7.- 11.2 •'•'' 11.7 " fi.o

N..I.1. 17J-i —4.!i

1 _. 1

l'J.7

II. 1

17.7 -4.;i 12.-

17. :i " i:i.ii

lll.l -.'..11 11.1 i;.,ii _.',." iii.ii l:i.:i — .'..- 7.. I 12.1 —4il 7.5

1 l.'i..) " 1".4 17.11 •• |;l.ii

17.2 •• I2.:i n'li

12.11

12. '.1

17.1' •• I2.:i

I-." " i;i.ii

I.'..7 11.11 iii.ri " -.11

- 1 I.I " ;i.- l.-i.l' ' 11.11 17. '.1

17.2

• 12.'.i

" 12.2

in." " 1,1." 111." —.-1.7

I11..1

iii.n

111.11

i.-i.n " 10.7

I.V.'i • 10,11

;i l:.- "' l:i.4 "
, ».:, 111.7 ' 11.7 17.2 -S.l 12.1 lii.ii

lii.ii

iii.ii

iii.ii

I.-..11 —4..'. 11.1

I.-..2 I11.7

4 -.7 :!.- '.1.7 " 4.- \.\A1 " ?.!> l.'i.s " 1(1.7 l.'i.ii " 11.11 1,'.." •• I".,-.

.', 4.7

1.:. -11.4
7 - " 2.11 12.4 7.4 14.4 — .'. 2 '.'.2 14.0 — .'..H 11, :l 12.0 -4.4 -.,1

(1 a, II " —11.11 11.2 " l.:t 11.7 " 11.7 l:i.4 •• S.2 14.2 • -.11 11.2 " Il.-

4.11 " --II. it 11.11 •• 1.1

7 4.7 '• — ii.'i ii.ii " 1.1

il.ii " 1.1

11.

1

• li.l 12." '• ' il.-

11.11 • li.l

in..'. —.'...'1 -.0 ii. 11 ' .'...-I

s i;..'. i.i; il.ii •• 1.1 '.1.4 ' 4.4 111." — r..:i 4.7 12.1 • li.'l n.2 —l.li :i.o

11.4 " 1..'. H.f. :i..-. 7.7 • 2.4 s.ii " 11.1 1I.4 • 2.1
'' -.'.' 4.11 I-. II '• :i.l 11. :i l.:i

7.2 • l.li

11.11 —,'1.4 1.,'!

11.11 • l..'i

,'1.2 -4.2 1.11

r..:! •• I.I

1)> 11. i; li.7 111.4 •• :,.'• t-.ii a.'.i ».'. •• :i.2 7.2 " l.- .'..:i " 1.1

(1.11 —4.1 1.11

H i:i.-

1 1.7 " [».>

l.'i.s •• lii.ll

17.11 " IJ.l

11. H ti.« 11.2 ' .'..11 li. 2 —.'l.li n.l) 11.4 ' 2.H

Miiln't I.-..:; iii.:i 17. :t •• 12.4 14.(! D.i! 13.9 —S.4 s.r, 11.4 —,'.2 li.2 s.ii —4.11 4.(i

K..ii> r>-t i<,<i.

F.^l .

•!'. s.iuii'iiiiii .Tt ii'H.u 7 r> »; .Mi'aii I'orrnrtiiin 1./ Hotnnliiig ami curvi's aili.i.t.'.l, tlit> lutti-r

--. N" sniiiiiljtn:. [slmwiii^' wi'iiilit 2.

M.ii ell 1. No s.iiniiUni?.

- Smiidiii^' at noon 7 Ti (» f'orrpctp'l rnnding Iiy Rnunilin« IIH, hy nirves 10.2, nu>,iii 10. il.

"
;) " " 7 1 t'l T'l rrectd.l rtimlitig liy lidiimliiiii 7.1', liy curves h.ii, nieflii 7.,'».

4. No HonndiiK.
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d in units

I1.-I KA.

Ifvvl

5.1 S.li

I
_,-i.ll lll.l

I \o.:>

1 _4.'.i n.l
I

• 11.1

lii.'.i

-l-

4.11

4.;i

:i 7

I. 11

T'.li

10.7

111. '.I

1..'. 11.1

I".

7

111..".

-4.1,

II. 1.1 " 'i-'i

(i.2 _l.:i ;i.'.i

i:.4

_4.2 1.11

r..:l •• 1-1

:, • 1.1

,1... -4.1 l.:i

.4 ^-'

s.rt _.i.u 4.i:

111.2. iiu'fin lO.i'.

h.ti, mean 7.r>.

SkUIKS II.—Tlll.M, ()|1.SKIIV.\TIU.SS FUu.M .IaMARY 28 TO Al'llll. 7, 1.8,"i4,

Iluiii-ly wurvution.s on the iinllry-friiniro. Ailopteil rcmlinf; nf inenii level
"
.0, e.vprcsseil lii units |

i)f llie si'iile. IniTCU.sin); niinil)

March, 1

iT.s inilieiile ri,<e ol' water

854.

.M .'.th. I1..I. ii.f f.ih. ii,-.i. liof. Till. It.'.l. \Uf. Mill. I1..1. Kef.
1

^"

mil. Re.l Kof. I61h ii.-,i ii..r.

s.ilar lo „l,<. i„ ..h,...
,

III lillS. 0. (.I.s.
1

'" ol.y. 0. ..Ii.,<

lliilM' !.-v,.|. ifi.-i
1

1,.>,-I. :,vi.
i
Icvl [.V.I.

15.1 — li. 1 8.2 17. .1 — ii,4 11.2
1 iii.r. — !!.*< lj.7 111.7 — :!..' 7.2 11.7 -4.1 .'..li 11, li —4,7 4,11

11,1 •• 4,4

14.3 K 7.4 17.5 — Ii.5 11.0

- 11.^ '• H.ll 12.1 " -.li 11.11 " li.ji -,li —4,- 4,1

8,11 •• 4,1

8,11 —4,n 4,11

13.2 —
"• 1 l),2 15.7 ^l!.7 11.

;', 12.7 — :i.7 11.11 I::. 2 — ii.ii 11. li 12.1 •' ^.11 12.5 5.5 15.2 — li.l. -.3
12.^ 11.1 11,11 •' 4,1 12.4 5,4

4 12. s — ;).i; 11.2 14.0 " 10.4 12.S "
i 8.7 11,(1 — 5,11 ,|.ii 12.4 " 5,4 14.0 —7.1 11.11

11.11 •.:! 14.1 10..', 12.11! 8.8 11,0 •• 4,11 12.4 *' 5,4
^t 11.7 — ll..'t *.2 14.1 —3.7 111.4 12.11 1 - 8.- |i,ii —,'.,1 3,11 12.4 " 5,4 11.5 —7.3 4.2

1 1.2 " 7 7 14.11 10.3 12.11 8.8 !l,li —,'.,2 4,4 12.4 It 5,4
il IH.il -:i.4 7.'.'. 13.11 " 10.2 12.11 —l.o (,.7 in.d _5,3 4,7 12.4 "

,5,4 10.2 —7.5 2.7

7 11.7 li.ll 12.11 —3.8 11.1

12.11 8.7

12.11 •• 8.7 11,3 —5,4 ,'.,11

12.5

12.8 5,8

lo.ll

10.7

—7.7 2.3
—7.11 2,.-

1 i2,ii
: 8.7

H S.7

7.4 4.1

12.2 " ' S.4 12.11 " ' 8.7

12.7 HJi

13,1 —,',„'. 7,11 14.2 " 7,2 12.4 -8,1 4,3

n i;.;i

(i.ii

— :i.2 :i.i

:i,4

10.1

lo.ll

—3.oi U.2
"

;
0.1

12.1 " 7.11 1,'.,2 —,',,11 11,11

1,',,5 -5,11 11,11

M.o 11,11 17.11 — 8,3 -,7

111 •i.ii — :i.l :i.:> 10.11 "
1 11.

1

10.,', " 11.3 1,',,,'. —,',,7 11,- 17.2 " 10,2 111.2 —-,5 10.7

11 7.:'> 4.2

1 0.0

lo.ll

111.4

" ll.l

li.l

1'...'. Ii.ii

in.o • 5.8

10.2 li.li

1,'.,,'. '• 11,8

15,3 —5,- 11,5

17.5

17.11 "

li.,5

lii,.l 2I..7

21.5

—-,7 12,11

,8 12,7
Nn..n 11.5 —;i.o li.,-. 10.4 -4." ii'4 10.2 —4.3 .'..11 15,0 —5,11 ;i.| ...'

t 18.11 — 8,11 11,1

1 111.5 " "..^1 II. :i •' 7.3 10.5 " 11,2 14,0 _(l,l.l 8.0
!

1X.3 -11,0 0,3

2 11.8
1 .)

'J

-n.l S.7 12.0 8.11 11.11 _,;.] 5.S i 17.3 —11,1 8...;

.1 1X2 " liu I2.ii >.<i
1 1

11.5 —11.2 5.3 Ill.O —11 '
.1 -

1:1.2 " lll.l 11.4 •'
, 5.2 ^

1 l:i.2 — :i.2 iii.ii 12,1) " 8.11 «
j

11.3 •' 5.1 JC 13.7 4.5
12.7 11. f) e. ! 11.3 _li.3 5,0

"5

^, 11.11 h.7 lH.ll " 11.3 i 11,3 " 5.0 t 12.11 <i
' .. ,.

13. i; '1
,

11. ti

b.

11,11 • 5.3
u . ... .., .

i; 111.4 -:).:i 7.1 13.3 11.3

1
11,8 -.1,4 5.4 a 12. li —11,4 3.2

7 11.8 i;.r> 12." " S.7 1 12,3 — ij.5 5.- i
12.4

12.3

" 3,0

12.3
^ S.S " •''' 12.2 8.2

1
12.!l " U.4

'^
12.3

12.3

— ll,ii 2,7

;) 7.7 "3.4 4.:i 11. .^ " .'(..'l t 13,5 —ll,li' 11,1) E 14.0 —11,7 13
7.4 4.0

1 1 1
111 7.:> 11.11 S.J 4.2 15.0 — r,.7 . -3 111. 5 — 11, S ii,7

7..'' 4.1 S.l 4.1
'

15.5 " ,-,-
"

11 7.V 4.4 S.l 4.1 15,5 " S,- lll.l —11,11 11,2

b.4 :.i 15,5 •• 8,8
Mi. lilt' 11.2 — :i..'i .'1.7 K.ii —4.1 4.,'. 15,5 — ll,8 8,7 1 20.5 — 10,0 111,,-,

MmivIi .'.. S.Miii.liii.i."* at n.ioii '1 f.illi., 11 tV-rl, 1) iiiihiw. rorrt'.'tiim frdin .urv.'^. .Maivl, .;. N . Si.lUlililli,',

" !1.

' III.

Ti.li. r.'gistiT iMdkiiat H A. M.,«as rfpaircd iiuliu'iliiild.v. .\i> suuudint!.

Falh. K.-.'I hi.li,

.Soiinilini; at unnii (1 4 o

" '1 7

.Manh -. .\ 11 -i.uii.iiiiL:,

" 11. " " 7 — — Mar.lil2. Nci Mmii(liii< an.l luit : f.'W ul.stTva ions taki'U,
'• 14 7 .'i li •• 111. liul f.'H- c.l.s.Mvations t ik,.n.

" l.'i. 8 — — Tlu'rorri'iliiin.s al'ler Mai'.li 7 .lr.' liM-iv,.,! from . UIVl'S,
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Skiuks 11.

—

Tw.\i. OiisKiivATruNs FiuiM .Iamahy 28 Til .\i'im, 7, 1H54. n
Ilonrly n p«i'niiliiiri-i nil llie iiiilli'y-L'iiii(.'(.'. Ailnpti'il riMidinj; nf mean Irvil ".ll, f.\|ir("ssi;il in nnil.s

|

(pf llio >rtik: lnrrt'U«iii)( iiiiinlicr.'i imliciili' rise ipI' miiIit.

March, 1854.

-i.lar

P'lli ii,..i. ii.r

h.-.

Will Hfp| li-r iMii. itf.i. u.f
I'p i)\n. ti) ubii.

null. 11...I llel'

I.. ..!.;<.

L'liih iii-.i it,.r.

1 »
j;ip|. H,-.l

l.p

it.r

ppb...

li.'iir l,.v,l. ifVfi. lovt'i.
;

I.vl. l..v,.| ll'VP'l.

::i".ri -iii.d iii..'i
1

111.1- II.O ^.-

1 ::i '.
.'( iii..'p 21.4 —11. II 11.- l:i..', — -.fi lpi.7 21.4 —111.3 11.1 211.11 ' 11.11 ^

;!i'.^ iii.fp 21. li 12.0 i;ii.:i .• 11.,-, ^

2 :;(i.o " 10.11 21.11 12.ll.2il.ll " 12.1 22.2 -10.4 11.- 21.3 " 10.3 1
21.11 11.4 2I1.H " 12.11 22.7 • 12.3 21.5 " 10.5 i.

:) 17..'i ** T.fp i:i.» — :i.,'p iii.;i llL.'p " 111.7 22.7 — 111.5 12.2 21.7 • 111.7 •^

22.7 " 12.2 22.4 " 11.4

4 IS. 4 .'p.

4

I7..'p ' ,S.o 17.7 — V.7. 11.0 22.2 -lii.ij 11. ll 22.4 " 11.4 111.4 1.0 11.4

22.4 " 12.4

Ti i:..i — IcM rp.n li;.7 -9.4 7.:t 15.11 " • 7.2 l:i.2 " -.11 22.2 •• 11.2 10.5 —4.1 11.4

{{ 14.S "
; 4.7 U.J. •• 5.4 12.4 ••

[

3.7 17.0 —10.7 0.3 111.3 '1 S.3 11.5 —4.2 7,3

7 I4.:i ' i 4.2 12.7 ;i.3 11.2 " 2.,'. 15.11 " 4.3 lil.o! 11 >-.o

I 'J . i t

13.2 ,.

-. 1

11.0

14.1 3.4 13.7 '.
11.5

8 l.l.ii :i.» lii.:i " 0.11 10.7 " 2.11 13,4 " 2.7 13.2 —4.3 -.11

l:i.;) " :(..; hMi -11.3 11.7 111..'. l.« 14.1 " 3.4

11 i:..ii .'p..'. 11.2 " l.!i 111.3 " i.i; 14.7 -111.- 3.11 12.ll —4.4 ?i.2

1(1 lii.O ••
,

c. 1 lij.o " tj.7

111..! "
1 .1.

Iii.:i •• l.i; li:.2 •' 5.4 12.11 —4.5 7.5

11 l>'.:i '*
; h.- Ui.il —11.2 111.4 13. :i " 4.(i 17.2 • i).4 11.11 -4.7 ll. 1

Ndon 1(1. :i

l!-.4

— lii.u H.i 17. IP 1 14. i: — g.i: li.ii 111.3 " >'.5 11.2 —i.> 11.4

1
is.i, " -.1 Ili.ii —11.2 10.4 lO.ll " 1-.3 211.3 " 11.5 11.1 —5.0 11.1

l^.,', >.:i ^ 11.1 " 11.1

2 l-.i —10.1 8.4 111..'. .. 10.:l 1-.2 -.S.7 ll.,'p 21..'. '. 10.7 u.
10.4 — 5.1 5.3

l-.l 11.4 21. i; -lii.u 10.7 4 10.5 1' 5.4

;i ir.,ii 4.:i l».li -1..1 »..'. ls.1 " 11.4 121. li " 10.7 11.1 -5.2 5.11

21.11 •• 10.7 'i
1

4 1 ;.:.

1 i
'
— lo.ip :i..'p 17.2 •' 8.1 10.(1 1 —H.S 7.2 21.4 " 10.6

1
1

ll." -r.4 11.4

r, \xii "
'

H.ll lil.> " 7.7 14. ll — .-.H rp.7 20.2' " ».3 1 12.2 -nr. 0.7

II.K "
1 :i.ii

_ 1
t; la.ii — :i.!i n.l l.'p.7 —11.11 <1.7 14.1

' —11.0 .',.1 17.2 " 0.3 13.4 — .i.t; 7.-

l:;.n li.l
1

" ]:i.n :i.l

:i.l

14. :i " 5.;i i:i.1 —11.1 4.11

12.(1 —11.2 3.4

13.11 ..

13.7 "

3.0

2.S

13.11 — Ti." -.2

8 l:l.ii :i.l 12.1 " :i.i 12.4 — !).3 3.1 1.1.5 2.ip 14.2 — r»> ^.4

:t.4 111.2 " 1.2 12.5 -11.4 3.1 13..'p p. 2.1. 14.3 ^.5

;i 14. ^ — ;i.- .'..IP 111.4 " 1.4

II. :i " 2.1

13.11 — ii.i; 3.4 13.5 '1

13.5

2.11

2.11

14.0 " H.2

111 l.'p..- " Pi. IP l:i.2 — ».ii 4.:i 14.2 -II.K 4.4 14.11 " 3.1 13.- — r».;t 7.11

11 \!<.:\ " -.:, l:i.i; • 4.7 17.2 -lii.o 7.2 1-.4 "

1

7.5 12.2 "
11.3

Mi.lii't

1

-"" -;i.7 l".:i l:i.ii " .'p.o III. 2 -10 2 :i.o 20.11 — ll.n

1

K.'.l 12.11 - (;,it ll.n

lllllp. t....| IippIp.

.M;iiili M Sipun.liiii: at itiMPii S — — v

17. • 7 .'i li \
'• IK. " 7 :t i

I'.i. Ni) HPiuiiiliiiK. (

„ ., ,, ,. , (.'iprri't'tiiPiiH fipiiii I'urve?*.

" -1. Somniing 111 titHUi ip I "
I

" -l-l. ' " i; o 11 1

" 2:1. Npi .souiipliiii.'. '

43
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.cJ ill iiiiil-'

u,.,i ii.v

1,.%.-I.

--4.it ,1.4

-4.1 11 '

-4.U ;,:(

>.l

" '.1.11

-4.3 h.'.i

--4.4 (1..;

_4.S -.5

—4.7 !''

—1.» t!.4

J.

1.(1

1 —5.0 ii-1

1.1 • •!
0.4 -r..i r..;i

1.1

1 •>

_r..4 i;.4

_5.rp r..7

13.4
J

—'i! "•-

13.9 -f'" "•-

14.:: — f'> '•'

14.:i " '•''

I4.0 " "•'

l:l.^ —V'.i '•'•'

li.'J " '=••'

li.o — ii.o i;.o

SEHIEH 11.—Ti|i.\I. OllSKHVATIONS FllliM .I.\.\1'AIIY '.'S Tl) .\l'IUI. ", IS.'l4.

Iloiiily ()liservHlions on tlic |iiilk'y-(fiiiigc . .\ilo|iteil rt'adiiip of nifiin level 7.(1, c.xpre.'isci ill iiiiils

of tliu Wiilc. Increasing iiniiiliurs iiiiliuiitt' rise of wntcr.

Mian '24th. Reil n>f. 2.Mh

March, 1854.

Reil. Ref.' Rp.i. n»r. 2r.ih I1...I. II .'f 27lli.' Ileil. Ri'f. 2Rlh. Reil. n.'f. 21illi,

Hnlar to ot>a.
1

to mI..i, 0. ..!..' lo iilx. to .,1,... In olid.

liuur. Ipvfl. ' levfl. l.'Vl'l. Icvfl. level.

1.'..:,

levol.

-3..', 12.01

1

1 11. :i — pi.o .'..:i f<.r. -n.I M.4 11. '.1 —2.11 7.0 10.2' -1.1 9.1 l.'i.O —4.7 10.3 l.i.ii -3.3 12.0
lo.:i • 4.:i

j

14.11 " 10.-7

- m.ii

lo.'.i

-i;.l l.H li.r. —0.2 i;.3 ^.3 —1.0 .',.3 X.2 —1.3 U.9 12.4 —4.9 7..''i 13.3 -3.2 10.1

:i 11. 'J —I!.'.; ,'>.o —0.3 ,'1.2

.'1.2

7..'i

7.3

—3.2 4.3
—3.3 4.0

(1.0 —1.4 4.ii 11.7 -.'..I 4.ii 11.3 3.1 X.2

4 l-J.I " n.ii n.ri -.0.4 r,.i 7. .3 —3.^ 3.0 4.1
j

—1..S 2.li 9.0 — 11.2 3.x 11.0 -3.0 ll.l)

.', 12.11 -11.3 O.il

ri.ii

r..7 — I'l.r. ri]2

7.3

7.1; — 3.11 4.0

3.11
; l.ll i..>

3.111 -1.7i 2.2 8.0 _,''i.3 2.7 7.,'i " 4.5
4.2

!
-l.sl 2.4 7.7 —.'1.4 2.3 7.1 4.1

1: l:!.--
"

"..I *".2 —0.7 7..'. 0.2 -3.V .',.4 4..'i — l.li| 2.i; 7..''i — .'i..'i 2.0 (i..'> " 3.5

!

8.2 -.1.11 2.ti li..'. 3.5

7 ir..o — 11.4 -.t; o.'j; —o.« ti.4 11.x —1.0 7.x .'..3 —2.0 3.3 s.7 -r..7 3.11 iI..*-. 3.5
lll.o " !l.l! 7.2 " 4.2

s Hi. 7 — o..^ 10.-.; 11.11 — 1.0 K.ll 13..'; —4.2 !).3 x.o _2.1 .1.9 11.2 — .'lx .'..4 x.ll II
f,j;

I11.4 " lt.!l

n Ili.O — ti.tj lt.4 11. 'J

11.6

—1.1 lo.l

—1.2 10.3

lli.O

ii;.2

—4.4 11. li

—4.5 11.7

12.1 1 -2.2 9.9 lii.4 " in.ii 12.x •I
II. «.

10 i.'i.r. -6.- H> u.r.
11..'.

—1.3 10.2
" 10.2 l'!1

—4.7
—4.11

11. .-1

10.11

13.- —2.4 11.3
14.11 --j.r, ii.,s

Hi. 9

17.2

11.1

11.4

U.li ' 11.11

11 1.^.11 -O.S >^.'l II. r>

lo.ft

— 1.4 lo.l

n.i

14J1 S.x 14.0 —2.1 11.11

14.0 —2.7 11.3

17.7

17.x

11.11

12.0

111..'. " 13.5

NotMi K.7 —0.7 ^.M !l..'i — I.,'l t*.o 12.0 — .'j..'. i:..'i 13.11 —2.S 11.1 Ili.O — li.ll 10.1

i

17.2 -

l7.r.

-3.(1 14.2
•' 14.5

I 7.7 —0..') 7.- *.7 — i.ii 7.1 10.3 ( 12.1) —2.11, 11.7 111.3 "
' 10.4 17..'. • 14.5

i 1 17.4 14.4
- .l.s —11.3 7.7 —1.7 i;.o -.7 II 9.4 —3.1

, fi.3 1(1.3 — .'..x 111..'-, I1I..1 " 13.11

3 fi.ii —0.1 5!r» tl.ii —1.11 4.7 li.2 ...
!

(i.(i —3.2 3.4 lli.l! —,',.11 Il.ll 11.0 8.0

4 0.0 ii!ii i;.3 -2.0 4.3 .3.7 0.0 3.7 li..'. —3.4 3.1 12.S -,',.3' 7.r, 7.7 • 4.7
3.4 " 3.4 4.11 " i.r,

1 t'.,0 " CO li.ll -'J.! 4..'.

7.3 " .^.•.l

3..'. —0.1 3.4 ,'i.l — 3..'i l.ii

4.11 —3.11 1.3

II..'-. -.-1.1
,

(1.4

1

5.0 2.0

1! (I.S "
li.** 7.- — 'J.'J ri.ii 3.11 —0.3 3.li ri.2 -3.7 1..'. 10.2 —4.9

!
.'..3 2.9 11 1

ll..', , _4.S —1.3 2.S • -0.'2

7 7.1; "
7.*; ».3 —2.3 7.0 4.1; -0.4 4.2 Il.ll —3.11 3.0 3.S —4.7 -0.9 3.2 " 0.2

s 7.7 " 7.7 lo.:i —2.4 8. .I «.:i — O.,', *i.4 8.li -4.1 4..'i (i.2 —4.1i l.H
1

.'1.2 " 2.2

11 8.3 •' s.:i 11.4 -2.5 8.1) !l.!l —0.8 9.3 12.3 —4.2 X.I ll.li -4.4 7.2

1

7.2 '• 4.2

10 11.1 "
!t.l 12! 2 —2.1; '.l.ll 11.2 — o.^ 10.4 l;i.li —4.3 ll.li 12.ii -4.2 S.4 10..'. " 7.5

!1.- "
It. 'J 12.0 •• il.4

!
14.4 •• lo.l

11 il.-

;: ,s.7

12.0 —2.7 11.3 11.11

12.3

-0.11 11.0
•• 11.4

14.x —4.4 10.4
(.|.3 ' 10.11

14.1! —4.0 lo.ii 13.7 " I0.7

Mi.ln'l '<.4 S.4 ll.r. -2.s' S.7 11.4 — 1.0 10.4 1.'..2 -4.r.|10.7

1

];,.y _3,7 u.s 1,'..2 12.2

.\1,H,I,
-

r.iiii Ki.t iu<

i. SiiiiKliiiu; :it iKH'ii (1 2 1'

.. " " t; :i ti

^

. No KOUIIilllh-'.

,.
H. Souiitliiitj at iiiion 7 -l *' I'l'lli'i tiull liy .^uuililiUk; — u.li, by i luvi- -.^.2, iuf;lll - f'.l' |

2 * " " 7 IJ ti

:^i
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1 ir..:i •• 1J.3 13. k —3.11 lO.tt 9.li il.ii 7.- .. n.l 7.5 •' 6.0
1-..4 " 1J.4 14..'. • IL.-i
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I5.:t

14..-. " U.^
13. : • in. 'J

111.5 —2.9 7.« 8.4 — l.l! d." 75 6.(1

:t 14.0 " U.t! rj.ii " u.ii 11.2 -2.8 6.4 9.(1 ,,
8.11 7.5 6.11

I 1:1. •; ln.i; !'.7 ' i:.7 11.8 0.'» in.o „ 8.4 8.0 6.5

11. « " I*.!* 7,11 " 4." 12.2 —2.7 9.5 111.4 8,8 8.11 7.1

12.4 i'.7 1".4 '',"

'' ;m 11.4 '''' " '-
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12.4 '1 11.7 111.4 .'...»

11.11

1-.3

•*.4

V •I.'.' " ;i,!' .'.II " 'J ,
1

1

11.2 -2.11 v.l 111,4 " h S in.ii H.'i

4.7 •• L7 111.4 " 8,8 lii.ii '. N..',

" II..I .I..1 4..'. • 1,S

.'i.ii " J. II

9.2 —2.5 li.7 111.4 •

111.2 '

8..*

8.11

lii.ii

111. 11

1 8..'.

" 8..".

'' "- 4.;: il.ii " 3.0 8.1 5.11 lli.tl 8.4 1(1.11 " 8..'.

I'l l".i 7.1 H.ii •• fi.O ... 7.4

7.4

-2.4 5.1.

S.'i

9.1 7.5

111, II

9.5

" " ,

.'.

H.ll

II I'j.'.i " '.i.;t lii.l 7,1 7.4 S.li O.Sl " 6.9 8.8 "
1 ^.3

l.'i.'j \-2.i 7.4 5.11
1

N.."n 1 •;..'.

i*).i

13..'.

" 13.1

11, ;i •• S,ii H.ii -4.11 S.ii 8.11 -2.3 5.7 8.11 -1.5 (1.5 8.6 —1.5 ' 7.0

1 l.'..:( " i;:.3 14.7 • 11,7 11,7 " .'..7 8.11 6.3 7.5 • •1.(1 7.11 5.5
111. II •• M.ii 7.11 5,5

J 13,3 • 10.3 1.1.8 •• 12.S 11.11 —3.9 7.1 > ri —2.2 11.7 7.5 •• fi.ll 7.0 5.5
in. II •• 13.11 7.5 • (J. II 7.0 5.5

l.;.:i 93 1.VJ • i:,2 11.3 " 7.4

12.3 — 3.1« 8.5

8.11 —21 11,

«

7.5 " B.i> 7.0

7.0

5.5

5,5

-t
o.\ ft 1 14.7 • 117 13.1

12,11

9.3

—3.7 9.2

8.11 • ti.8 7.5 " (Ml 7.11 •1 5..'.

'• 7.11 4.11 ij.:i • :i.ii 11.7 "
! «.(P 8.11
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>-3i " ll.ll

7.9 " (1.4 7.5 " 6.0
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-.7 ' 1.11 11.8
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4.3

1.4

1.3

11..'. •• «..'. 11.11 " 5.4 8.7 " ii.8 8.11 " l!.6 8.7 " 7.2

h 4.3

4.4

1.3

1.4

,>,4 —2.11 .'i,r.

7.11 " 4.1

I.I.I1; —3.5 4.5 8.1 •' (1.2

1

v.li .1 0.5 9.0 7.5

H i-..b 3.S li.l — 2.B 3.3

7.i; " 4."

H.2' —3.4 4.8
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8.11 - 1.8 '1.2 8.2 6.7 9.(1

9.0

' 7.5
" 7.5

|i> 10.3 7.3 s.« —2.7 II.

1

7.5 1 -3.3 4.2

7.5
1

" 4.2

7.5 " 5.7

7.5 " .1,7

7.8 " (1.3 9.0

11.0 f.5
II 12,-.; " !I.'J 11.4 —2.11 -.K 7.5: —3.2 4.3 7.5 •• 5.7 7.3 5.H '.'.(i " 7.5

12.2 " ii.tl 7.7 " 4.5 7.5 " 5,7 7,11 5.5
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Hourly olisorvations on 1 ho piilli-y-KaiiKP. .\ilii|ilcil ri'iiiliii); of nionii level 7.fl. p,\iiri'ssei 1 in units

of t ic scale. Iiicrcaaliig iiiimbei's indieiite ri.se of water.

April, 1854.

• oliir

2nih DM. Hff
to lll».

2tiit Rt.l.

ti.

lli.f

.,ln.

224 Pe.l. Ili-r.

l.i f,l„.

2.14. Re.l. Rff.

1
li. i.l)».

24lh. Reil.

Ill

Ref.

oli.^.

2.'.lli. ted, lief.

In 1,1...

li .iir. l-vrl. level. level.
i

level. level. 1 •vel.

ii.7 —2.2 4.5 7.8 —n.5 4.a
I 7.1!

" 5.1 7.5 " 4.0

7.7 — a.il 4.1

10.0; —4.2 5.S 9.4 -4.0 5.4 11.1 --a. 5 7.(1

-
7.11 —2.3 I..'. 9.9 " 5.7 -:, 1. a. 5 8.^ 5.

a

N..'. • 4.

a

It 9.0 -2.4 i;,(j 7.9 " ' 4.2 8.11 " 4.1

8.5 " 4.

a

11.7

(1.5 "
2.7 7.5 4.(1

4 jt 111.2 7.H 8.9 —a.V 5.2 8.7 " 4.5 (1.5 -a.ii 2.(1 (1.4 --a.4 a,(i
'3

(1.7 II 2.** 5.8 2,4
r

i 114 —2.5 8.1) 9.7 " (1.0 1(1.2 " 0.0 7.1 .1 a,2 5.(1 l.ll

t
(1.0 " 2.(i

i; 12.1. " o.a 12.2 —a.8 8.4 11.8 " ' 7.0 8.S " 4.9 7.0 " a.d

7 1
12.:. - -2.11 11.9 la.a " ' 9.5 ia.2 " 9.0 10..- „

(1.(1 8.5 5.1
12.11 iii.(i|ri.7 ' 11.1) 14.0' " 9.8

N 12..'. -2.7 11.8 '14. ' -.1.11 III. 1

14.1' '• lli.l

14.11

14.11

" 10.7
• 10.7

12.9 "

15.(1 •
11. (1

II. 1

10.9 -—a. a 7.d

Jl n.:i — l.ii l.i.:i II. —2.8 8.2 1 ..7 " ' 9.8 la.o " 8.8 15.(1 .. 11. 1 ia.4 1(1.1
\

14.5 11.2
111 ^.:i -I.I 7.2 11.0 " 7.1 I2.:i • 8.4 'S.l f 14.9) • 11.0 15.5 12.2

II i;.7 —1.2 .'..,'i 8..'i -2.(1 5.11 11. a • 7.4 1(1.7 14.11' " 10.7

1 5.

a

14.1

" 12."

10.-
11.4 • .'..2

1 1

N,«,n i;.4 — l.:i .',.1 7.11 —:1.0 4.'i 10.7 .-4.(1 (1.7 11.5 —4.1! 7.2 12.9, — :;.s; 9.1 12.5 --a.2 9,

a

i;.4, •• .'i.l 7.4 t. 4.4
1 i;.?! • r..4 7.11 " 4,11

1 .1

-.7 •' 4.7 9.5 1(1.(1 ' "
,

11.8 lo.a 7.1

-' T.I -1.4 .'..7
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-1.1'

l.ll

4..i

8.:i " 4.:i

»." 4.(1

-.a 4.1' ll.c 5.2 8.

a
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1
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ti '.K^i

' ^.tf 8.5 "
5.;) 9.0 -4.1 4.9 (j.5 —4.1 2.4 5.7 2.0 .'..(1 " 1.-

11.7 S.2 5.(1 1.8
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s
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1

"
j 6.1 7.5 a.4 8.1 4.4 " 2.(1
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1
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"
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a
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nilc. liiiTi'ii.^iii); iiiiiiiliiTii iiiilii'iitu risu (if water

nils

April, 1854. May, 1854.
j

,M..nii .Y.lll It .1 lt<'i '.';ili. 11 .1. u..r >iii ii.'.i ' liff '•.'Ml. i(»ii lur :iiiili l!,„l. Ki,|' IX. Itril Itrf

•nlnr ..h«. 1 1
:
..111. (.. ' ,A,n. 111 ubfl. t.. i,i,< (.. ..In.

li.'iir Ir vl. In ..i Iev..|. Irv.l. lrv.,1 Irvrl

14.4 11.4 li!.4 —3.4 13.11 ii;,4 -3.11 \:.- iii.i; • 1J.3
1 liM ~ :i." 7.1 I4..'i —

14.1 •

1.(1 u.r,

11.1

I'.l! -3.(1 il.'2 lll.d ' I'J.II 1,'..3 •• 11.7 111..'.

111.6 "

U.ll

I'J.ll

- 1'. 1 0.1 I U.N * !l.H '.> " 4,» 14.U " U.ri l::.h ' '.»,: I'j.tl I.ll 11.9

:i 7.1 4 1 li'.S • 7..'. 7." '* 4.11 13.1 " l».7 1(1,3 " i:.7 14,7 " li'.T

1 ili K'.i .'i.:i (l.Cl 3,11 11.7 " •-,3 7.11 •' 4.(1 13,4 • IM
.'i.- 2.H .'..:t • i!,3 i

•'• ii.:i ;i 3 (!.> ' :i.« .'i.ll " ' II.C I'.-j .. (i.4 i;.'j " :.•; \:.-i " ^.2

' 7.:i 4.:t 4.7
4." '

1.7

i.ti

'ri.7 -1.1 H.ll "

1

4.ii

.'i.Ti •' l.!i

1(1,11 (I.ll

"
".ii .'i .

.'.
4.11 . 1.11 ii.ii —3.1

:

;i..') .'i.'.l 1 " J.B 7.7 " 4.1 8.!t 'I 4.9
.''.'.1 -.11 S..'. "

1 2.1
^ .Ki D.4 f*,7 . &.7 7..'i '* 4.4 '•- " I.-'"

».l "
S.il '•

4, J
4,11

*• ii'.i; 7.ti lli.S 7.1' B.» .'1,7 S.3 "
: 4.3

1
'

1(1.1 " I'l.r. 7.11 "

'<,4 ••

3,11

4,4
!! n.4 -.4 i:.7 • 11.7 iii.;i "

(

7.. UV.)[ "
:

7..'i 11. -J •• 7.1'. 11.7 fi.7

II I:mi • lo.:i 11.4 • 11.4 S.(! \X!< " li'.l 13.1' "
1

!i.4 11.9 " 7,11

11.4 • ii.a'M..'. • ll..'i
1

14.1m " 11. •: 1

N.«.t, I.V" • l:;.i'l'..' r.;.i 13.7' - 3. 'J iii.r.li.',..', _:i.ri \:.i> 14.7 —3.7 11.(1 13.1 ^1,1 9,(1

14.11 • n." 1. . • I'.'.'j II.,'i •t 11.3 14..-. " 11.11 l.'i.ll •• 11.3 13.,'. 9,4

1 l:i.l • MM 1..." . 1 j.ii M.- .. ll.ii!l.i.J :i.7 14.1 •• 111.7 13.11 S,ll

..I 14 1 ll.Ul

- 1".7 IJ.I '.1.1 14.'. • 11.1 111.3 .. 7.4 i::.i; •• i-.'.i ll„l 7.-

:i -.7 ' '..7 lii.:i • 7.3 IJ.4 '.I.J N.ii " i;,i iii.'j 1.
j

ii.,'i li',:: —1.2 (1,11

1
...1 .1.1 7.:i 4.H 7.1 " 1,11 K.O

1

4.1 ;i,s '• 6,li

II. "J • (.-
1

11.3 •* U.i',

ft 4.1 I.I

.''.;• ' -.;»

ll.i' •• .'..3 —.1..', l.i.

,'l.ll *' l.,'l

r..s —3.8 1.7

1.7

I'.l 4,11

4,4
i; :i.'J

:i.l 0.

1

7.7 ' 4.7

't<:^
,

•• ':.]

r.,1 • i.i; (i.a " ^.4 1..1I

.K.ll "

3,-

3.M

7 1.1 l.i: 11. li •I.ti ri.3| —3.3 'J.li 7.1 ;
3.i; 7.H " 3.h v.ll -4.3 3.7

li. 1 J.s S.4 • 4.1

h 4.;; 111." . 7.1* 7.'. 4..'. *•.'' '" .'.1 H.b
j

4.7 H.li, " 4.6

'.) in.T 7.7 ij.;i '.i.;i 111.^ li.;' 1(1.4, '• H.9 9.5 6.7 K'.a • 6,11

iM i: .. !i.:i 14.11 . 11.0 ii» '.i..'i 13.4 ••
' '.i.n 11.3 7.6 11.3 " 7.0

11 n.- 11.

J

1.-..7 ' II.K •• 11,.'. 1.-..3 11,

R

13.3 -3.11 1(1.11 rj,7 *' >.4
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a
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j
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12.ii

l.tl 11. '.I

1(1.7

U.4

N.2

IJ.t>

4.1>

4.2
4.11

;i.'.i

4.4

-II !'.<•

11.4

-4.2
!

ti.ii

4.'.i
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i
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\
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Skiiipi* 111.—Tiii.\t, OiiHKuv.,THINS fhclm Ai'Rii. 2(1 to AlutBT a, 1854.

Ilmirly (ibscrviitions on tlio piillcy-triingc. Adoptcil reading of mean levi'l 7.(1, expressed in units
|

of the scale. InereiiHiii)? nunibera indii'tttii rise of water.

—
May, 1854.

iti.r.Mean 3.1 iir.i. lur M. Rcil. n.r. 4th. Roil. Iter. 7th. lt«.l. llof. Hth. R«l. w Ulh, Iti'.l

H..liir

1 r I..VI.I.

to l.l>l.

I<.vrl.

to oil...

IfVfl.

I.l .,!.>.

I..W.I.

Ill

ll-V.l.

''-

I..>..|.

I.I.H,

1 111.2 —4.2 i;.o 10..-. _4.s .'..7

1 |.',.l _4.4 1(1.7 13.2 1
"

, g.K 13.(1 -5.2 8.4 10.2 " 0.1. lo.o .1 .'..2 10.7 —.'...'1 .'1.2

I
1

lil.,'-| " i;.3 11..'. li 0.7 lll.O " 4..'.

- Hi. 7 " i2.;i

I.I.N
'

" 12.4

14.0
j

" ».3 u.n -r..3 H.7 lO.s " ll.ii ll.,'< —4.1) (i.O 10.(1 —,',.0

1(1..'. "
4.4
4.11

:l |.;..'i .. 12.1

1

14.2 " 0.5

I4.:t " fl.ii

14.8 -6.4 11.4 11.3 " 7.1 11.

f

II (i.H 11.3 1' .'..7

4 14.2 —I.r. U.7 14.;! " 11.1;

14.2 " !l..'i

lil.l —.1. 11 lo.r. 11. s " 7.0 12.4 II !'•' 12.0 -.',.7 O.H

% i2.ri " ».(! 14.1 " 11.4 li).2 — f..8 111.4 12.4 " ^.2 13.0 11 ^.l 14.3 " *..il

tt 11.(1 " ' (I..'. 13.1 ' " 8.4 1(1.2 — li.o I11.2 1:1.2 —1.3 >.ll 14.1 —.'1.0 11.1 1.1.0 " 11.11

I 1 1S.7I—(i.l •<<'

7 S.4 "
;

;i.i) 12.0, "
1 7.3 10.3 —0.3 11.11 13.2 " .-.11 10.2 II 11.2 10.4 —.'..> lll.O

10.11 " 11.1
s i;.7 it 2.2 10.(1 " 0.2 13.11 " S.7 10.11 .. 11.,) 17.2 —5.11 11.3

(1.4 " l.li 111.2 " ."i..'.
1

10..'1 .' II.,-. 17.2 11.3
:i i;.4' -4.(1 i.H

1

iii.o .. ri.:i 12.2, " 7.!l 10..'i —.',.1

li:.:t

11.4

11.2

17.2 —0.0
|i;..i ..

11.2
lli.O

111 7.4 " 2.H

I

|o..', ..

in.K .. li.l

ll.ol " 0.7 10.11 •• lIl.H 10.11 -0.1 11.11

11 (I..'! ••
1

4.|i

1

11.0 '
;

ii.:t I0.2 .. .'..11 i:..i lli.O 14.11 _,i..j '..7

1

11. :t

1.1.1

-4.7, 'i.«

..
j

S.4

11.4 4.7 i;.7

12.-. .. H.l

1.1.1 •• -.7

11.0—1.4 4.0

S.I '. ;i.7

s.ii '. :i.o

14.1 -.'..2

1:1.1"

N.H l:t.- — o.:i 7..*'

2 14.11 '. '111.2 M." " ;i.l •.o .. 3.1I 111.1: '. .'..7 11.2 4.11

l.'..i> lii.:i i:i> • '.1.1 5, t

».o .. :i,..
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liiihiftioii iif Tidi'S, Van liriisschiiT JItirhoi; lsr>:!-'.") |,

llininy; i,'i\('ii flic tidal rt'covd in n form rradj Cor use, tlic (ilisiTMitioiis iicxl

V('(|iiir(' to 111- jii'o)i( rly talmlatcd tor the pni'iiosL' of (It'diRiiif,' cniiiiritally tlicir laws,

aii<l for c'oin])arisoii witli tlicory. Tn the riiit<'il States Coast Survey two hlaiiU

forms lire in use for this tabulation; tlicy liave in tlieir essential jiart lieen acldptccl

as suitable for tlie \'an Itcii^sclacr Harbor tides, and were nscd willi ])iMinis-.ion of

till' Siiperinti'ndrnl of tlic Survey. 'I'liey are strictly aiiiiliriible only for such cases

where the diurnal iiiequality is comparatively small, nr is at le;i^t not aiiprovimalin^'

to the produc tion of sini;le day tides. ]u order to show, at a Lrlance, the ;,'eneral

( haracter of the tiiles under discussion, they were jilotted a second time, and are

>il\n\ in I'lates 1, II, and III; the obscrMitions ha\in},' iirevioU'-ly been referred to

the sanu' nii'au levil, From these diaf^ranis it appears that the dinrn.d inei|Ualily

is not ot" so Lrreat an efiect as to render the use of the ordinary method of reducliou

unaviiiluble; on the other hand, it is sufficiently larp' to retpiire a special (liscu^^iou

for time and hei^dit. The extension of the scries of oiiseivations over ii wlade

^^i\\^ nnist be consid<'red as a fortunate circuinstanee, since the results theicby ^'aiu

considerably in arcuracy oven' others deducecl only tVoni a few disconnected lunations.

The tidal record would not be com]dete without the obs('r\;itions for direction

and force of the wind, and for atmospheric ]n'cssure ; the reader will find these

records in my discnssidu nf the nieteorol<i;,deal material of the expedition, in \'ol.

\I, Smithsonian Contiibutions to Knowledije, lS:"j<l.

The follow iui; pii^'cs ciintain the first tabulation of ,!ie i)recedini; record, vi/:

column 1 contains the date, civil retkoninj,', adopted for convenience sake, ("o-

1 unin "Jiiives theap[)arent tinw (civil reckoning) of the moon's superior and inferior

transit over the \"au lienssehicr meridian, obtained by addini,' nine nnnutes to the

timi' of transit at (ireeiiwich, allowinj,' for a diflcnnci .f 1 on; ritude of V' •l;{5"' W,
The mean time was converted into apparent tinu' by applyiuj^' the e<iuation of time.

Tiie time for the lower transit was obtained by takint,' thi' nu'au of the time of tlu'

]irecedin{,' and followini,' n|)|)er transit. C'olunuis '.i and 4 contain the apparent

time of hii^'h and low water, taken fVom the record; in sonu." cases a fjraphical

method was rcsorteil to, to obtain the instant of these phases with greater precision.

The e(|uation of time has been ai)plie(l to the mean time in which the observations

ar<' exiire sed. Colnnuis o and (i contain the lunitidal interval between the ti

of hi;;h water and low water, and the time of the triuisit of the moon •diateh

)rece(lin''. thi in sonu' cases, owin;; to the lialf-moutlily inequality, it may In

the second ]n'ece(hn^, tlie establishment beinir ab(nit 1 1 I li Tl lis transit ol

eomiiarison has been called transit /' by Mr. Lubbock.' 'I'he next columns, 7 and

S, give the height of high and low water, extracted from the preceding abstract.

'I'he rcnuiining colunnis contain the moon's parallax and declination at noon.

Sue an lili'iiiuiilary Ta'aliac on tlic Tiilcs, liy J. \V. Liiiiliock, Ksq., Lomluii, iSo'J.
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.-,0 RECOUP AND REDUrriOX OF THE TIDEa.

The spcond form, or 'I'aMo No. 1?, for rcliiction of titles, is spiTiiilly irrans<'<l to

uhUMi the (>stiil.lislinu-iit ami the half-inoutlily iiuHiuality in time and licinlit. The

lii>t iMvt is arraii!;<Ml in rcfVrcn..' to the observed lii^di waters; tiie seeond i)art, in

reference to the low waters. 'I'liat tlie ine(iuality in time and lieif^lit slionld also

he made ...;t from the low water, is siieeially iniiHirtaiit for stations where eitiier

tlie oliseivations are of short extent, or else where dilKcnlties tend to render the

ohsei .alions less aeeurate. Tlie disenssinn of tlie low waters eonld not he omitted

in our case. The lieadin^'s to tiie columns of Tahle No. t», explain the arranj,'ement

siitli( iently. The results from the upiier and lower transit of the moon are kcjit

sci.arati-.
'

(If need liardly he remarked that, in eeitain montlis. the sun's ov moon's

lower transit can he ohserved at \'an Ueusselacr Harbor.)

it.

I*.



RKCORD AM) U K I> U i' T I () N 01" T II K TIDl'S. 61

TaIII.K Foil THE KkDICTKIN OF 'I'lriKS.— Xd. 2.

Sliowiiift the Interval lictw-fpii lliu A|ip. Time of llii^ Moon's Superior Tnmsil arid llie Time of lliirli

Water, ami also the Ileijriils of llifili Water, at Van Rensselaer Ilarlior, from Four Series of

Oljscrviilioiis inaile between Oetoljer lit, 1853, unit Oetoi>er 22, ls54.
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UKf'ORI) ANIi KKDUCTION OF T II K TIDKS. 63

TAni.r, Kon inE Uebuction of Tides.—Xo. 2.

Sliuwinfj tlif Iiitcrviil liclwocn llic A])]). Time of the Moon's Superinr TiniisiUitul tlie Tijiiodf Ilijili

Wiitcr, mill niso tlie Ileinlils of Ilijjli Water, at Van Ucnssclaer Harbor, from Four St'rk's of
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Taiii.k, Kiiii TiiK llmrniiPN ny TiiiCM — No. 2.
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llKPOUn AND UEDUCTIOX OF T H K TIDICS. fiS

TaIII.E Full TIIK liKDlCTKIN OF TlDKM Xll. 2,

SliowiiiK Iho Ihlcrvul lictwfcii the A|ip. Time of lliu Moon's Inferior Transit unci the Time of Ili^'li
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fi6 RKCORD AND REDUCTION OF THE TIDES.
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Taiii.e roB TiiF ItKnt'CTiiiN OF TinEH.—No. a.
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T.VllI.K Full THE UKniCTlON (IF TlI)F.S. Xl>, 2.
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T.MII.E FOR TlIK ReDVCTIHN OP TlPES,—\o, 2.
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HKCOUn AND UK DUCT I ON OF TIIK TIDKS. (;.3

TAiii.E Fdii TiiK Kkihttiun OF 'I'lIlKS No, 2.

SliowiiiKllie Inkrviil Ijuhvccii the App. Time of the .Mouu's IiifiM-ior Transit iiiiil the Time i)f I.uw

Wuter, mill nlso the Hei;,'hts of Low Water, at Van Ken.sseliier Harbor, from Four Series of

Observations made between Oetober 10, 1SJ3, and Oetober -Zi, 1«54.
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f.4 KKCDKl) AND K K DU C T 1 1» N 01' TIM'; TIDKS.

'I'AIII.E F(IH THE KKDUmnN OF TlHES Xo. 2.

Shmviiii; the liilcrval lii'lvvi'cn tlie A|i|). Tiine of tlio Moon's Iiircrior 'I'miisil iiml tlio

WiitiT, mill iiIm) the Ili'lglils of Low Wilier, ut Vim Itciissi'liur lliirlior, from 1

OliscrvalioMs iimilo liilwi'fii Oitoliur 10, 1m;"i3, nml Oilolier ii, 1S51.
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T.MIl.F. Full TIIK ItEDtX'TluN OK 'I'lllES.—\o. 2.

Showing thp Intorvnl Ijotwccii tlic App. Time of llic .Aloon's Inferior Transit nnd llic Time of Low
Wulor, nnd ulso tlie Heifrlits of I,ow WnttT, nt Vnri Uenssclaor Ilnrljor, from Fonr Series of

Ohscrviuions maiic Ijctwoen Octoljcr 1(1, ISMi, and Oi'tober 2:!, ISSJ.
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66 RECORD AND REPUCTION OF. THE TIDES.

TAnLE >(iu riiK Ukiuctuin ui- Tides.—No. 2,

Showing the Iiitcrviil lu'lwi'cii llio App. Tiiiic of ihc Mooii'.s Inrcrior Transit and the Time of Low

Water, and also the Heights of Low Water, at Van lieu.sselaer Hnrljor, from Four Series of

Olxservntions maile hetwren October 10, 1853, to October 22, ISfl.';.
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RECORD AND RKDUCTION OF THE TIDES. 6T

tail. •> ir

The [iiccciliiif,' tables (Xo, ',>) coiilaiii tlir iiidividuiil iiiid iiu an values for inlcival

and lu'i;,'lit, for liii,'li and low water, and tlic^ moon's npjiei- and lower transit. 'I'lie

mean, in some cases, was improved by the application of IVircc's criterion for tlio

rejection of doubtful observations ; a few otlier rejections were made, as stated, in

order to obtain a well-balanced mean; of i)S'2 observations of the interval, but 17

were thus rejected.

llaJf-tnonthli/ Incijiinliti/.—l'"or the comparison of the observed with the theoretical

values, it is customary to use the tiu'ms of the eciuilibrium theory or of the wave

theory,' certain modifications beinj; necessary to produce an a^^reement betw(>en

these theories with observation. According,' to the tMpiilibrium theory the fornuda

for the ])ositiou of the pole of the tiibil spheroid is:

// .sill. 2 </)

//' -|- /( <•«.<. •2(j,''

where h and //' ;ire tin- elevations of the spheroid due to the sun and moon respect-

ively. <p the anj^ular distance of the moon from the stni and 0' the an;j;idar distance

of the pol(> of the spheroid (or of hi^'h \v:.ter) from the moon's jjlace. In reality,

however, tlie ])ole of this si)heroid follows tlie moon at a certain distance, the mean
\alue '/.' of which is known as the " nu'an establislnnent" (also fundamental hour,

corrected establishmrnt), an<l which corresponds to a distance of the sun and moon
of </) — u instead of (j:. 'I'his retroitosilion of the theoretical tide has been called

the age of the tide. l"or the comparison of the observed and comi)uted values

for the half-monthly ine(piality in timr. we have the formula :-

/( .liii. 'i {(p— a)

/(
i- /(ow. ^{c])— a)'

This ine(piality jjoes throufjli its period twice in each month. I'roper values have

to be found for the ratio and the angle a.
ft'

The observations of ISO ///<//( initi'r.t tiirnish us with the following values, derived

from tlie i)receding tabulation on f(uni No. '2:

—

/((//. V (if — >.) —

' All nii'Diint of ili(> Eqiiililirium, I.aiiliice's ami Ili^Wuvi- Tliooriis, will In' foiiiiil in ilio Kii('ycli>|iii'(li;»

of .\sirciiiiimj-, roriiiiiiir ii iiorlluii of ilic Kiu\vi'lii|Kriliii Mi'li-('|iulitiiim, I.oniloii, ISIs ; nrlicif " On Tiili's

ttiicl Waves," liy (). li. .\ir_v. K>(|.. AslrijiHiiruT Knyiil.

• riiii. Trims. Kciyiil Sofiity, l,s:i4, Tarl I. On llic Emiiiriciil I.iiws (if tlio Tiili's in tlu' Tori o(

l.iiMdiin, Willi Mime Ki'lUrliiiiis on tlir Tlicnry ; Ijy tlir Itcv. \V. Wlu'ttoli.

.Sec iilsd I'liil. Trans. Itnyal Sm'iely, ls:ir,, I'arl I. Kosi^arrlics iiii tlic Tiili'S. rmirlli si'rios : i)\\ tlio

Kiii|)lrinil I.nws of ijii' Tiili's in the I'ort of I,iv(T|iijiil. I!y tlie liov. W. ^VIll•wl'll.
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i.

J

'
i

m •

:

!•

I

i

rr.iiM C- ll|.|.

A|i['!irriil I. III!

r ti.iri

li.hil

ii. I'lMMI (T

.\|i|iJlrfii;

IiiutT Ir'iii-

i Illrllll

I.

Nil I.r

I'nilii C'-* "1 I'l-r .111.1 l.i«.T Irnn.^il.

N.i. i.fA|>|inri'iil l.iiiiili.l.il

.*"liir 11 1 lllU mil. li^rrvii- -Mhir liiii<< uf inUTVHl. oliKenii- ^"liir tiiiK' 1 r illUTllll. i.linvrva-

liiM..tt'« Irjiti^it. """- 111 siniiisit tiollH. lii'iiin'.' trnii«it. lii.nn.

|1» M" 11 Ill- IH III, ._i.|,., 11" ;i4"' u.-i II'. 'Jll... 11" ;i7"' 4:1

1 'Jll l:J *J- 1 111 11 l:i -1 1 :iii 11 Vi 4:)

1! .'l:! II I'-l Jlt '2 '21 It. M -II 2 :'.ii 11 01 4"
:i :iii III T'T l:i :i ;il 1" III -i! :i :iii 111 47 4.1

4 J7 III '•'1 Jl 4 HI! 11 Hi Jii 4 :!ii III .Mi 41
fi -JT III .'.:) I'.l .-1 :ii) 11 04 17 ,^ 'jii III .'iX III!

1- ::i ir, 17 11 :i:i \i l;l l:i i; ;i2 1 1 r.'.i Ilil

7 - 1- U'l -1' 7 ;t:i la •> 1- 7 ;iii I:; 'J7 :iM

" M 1

-

41 J4 - \i'.i 12 44 i;i . liii l:; 4:i 4.-1

!i :vi .111 IH :i ;iii 1.! .17 i~ '.1 .n 1
'- '-- :ii:

111 ;!-j 1- •j:i Jii 111 w \1 Is I'.l 111 :tii 1:1 21 II!)

11 »2 I'- 17 III 11 ::h 1-: 111 I'.l 11 ;tii I'J li! HH

Mi'.'ili ali.l )
ll 11

M.'.'iM aii.l ) II 4 1 •jn
M.-.-in aii'l )

Mini (
II 4:1.'. 4'<ii

'iiiii i -iiiii )

Tlic iiiciiii ("•tiilili'-liiiiiiit icsiiltiiij,' from tlic (iliscrvcd tiiiirs nf (sO liit,'li waters

ill Vim Kriissi'liicr llailior is llicicCnrc 11'' |;t.:{"', rcCcirctl to llic moon's transit

iinnicdiuti'ly ini'diliii;; iiiid corn'siiondiii;,' to 11 mean liorizontal |)iiiallax of the

iiiiiiiii and 'iiiii, and In the inoon's and sim's declinalioii of 1(1" nearly. The mean

interval e irie^iioiuU to the moon's tran>it of 0' "Jl"' nearly, iiidieatiiii; that the

e|)()('h would lia\e eonie nut 0' ()'" if transit H (see .\n Kleiiientary 'I'reatise on \\w

Tides. li\ .1. \\ . l.uliliaik, K>i|., l.ondnii, l>^;{!t) or that iiiiniediiltely preeediiijj

transit V had heeii i!..!!!.

In like manner we olilain the following taiile from the ohserved limes of tS.)

/()«' «'((/i'C.v at N'aii Iteiisselaer llarlior:—

K1..111 c • I'l'l' r tr.ui^ t. I'li.ni C '^ l"ii r 11.111 It. l''r..iil C '' IIPI' r an. I It.wit Iraii.sil.

A(.|.»r«'iit I..11. lilnl s.. ..r A|.|.nrfiil l.i,„ lilnl N... ..r Ai.|.limit I.iiiiili.liil N.. I.r

...l,ir 11111.- ..l IliU mil. ..|.»fr\tt. S'.Iiir liiih' "f ItlU rtal. ..l.-rrVB- Miljir tun.. ..f iiiltTval. i.l,«ifrv»-

V tnih.Ml li III... .11 f lr.iii«il. li.'liM. 111. ...11 .< Inii.-il tiuii«.

11'. lill'" 17' 411"' 21 II'. nil" 17' .Ml". 24 ii.. nil'.. 17" .'. 4.1

1 2H 17 nil 22 1 111 17 .'iS 2i' 1 111 17 4s 42

•J HI 17 4:1 21 2 2^ 17 l.''i 2ii 2 llll 17 2:1 41

:i
_'- J7 114 2" II IH 111 fill 2'l n llll III ,'.li 4i!

4 •.;7 III .02 21 4 111 111 4.'i Is 4 llll 111 411 :w
.'1 27 17 02 III .'» I!ll in .Ml 17 s 211 17 Oil 31)

t: 2^ 17 42 M 1; llll 17 li'.l 21 11 nil 17 4ti H7

7 2:1 Jh 24 '211 7 2:1 Is 111 2ii 7 211 IS 17 411

» nil J ^ 1.'. 2.'. s ;:;l Is 4S 21! (s mi Is ni 4k
1.1 itj ]... 28 1- II nil 111 ml 17 ii 111 Is 411 n.''i

111 112 !«. 1:1 22 M 2:1 I ^ 1:1 2ii 111 nil IS I'.l 42
1 1 :12 1- i.| I'.l 11 2s '" 21 is 11 nil is 11 117

.M.'.iii an 1 1

17 4'i 211
.M.-aii aii.l ) 17 r.11 •244

.Mian ali.l 1

17 4s.11 4-0
sum »

The mean estahlishment resulting from the ohserved times of IS") low waters is

IT' 4S.(r", referred to the moon's transit immediately |irecediii;; low water, and the

same to which the iireeediiii; lii<,di water has Iieeii referred ; the differeiite between

the two nu'un intervals is G'' 04. T".

To ohtain u iiiimerieal expression for the half-monthly iiieiinidity in time, the

value for a bhuuld hu Ueteniiiiied so lis to furnish, in purticulur, good results for
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5''
;i(>"' ()'' ;}()"' V :!()'", wliciv the ciuvi; is Htcciifst ; tlu; value ,- is obtainotl from

A'

the mcatc'st iim>;(' of the iiiccjuality determined, for a first approxiinutiou, by a

fj;nii>lii('al i)ro(('ss. 1 tind from tlie ()hs(-r\ mI lii^li waters « = ()'' "il"' or ;)° 15', and

from the low waters a ()'' ;")()'" or 12° :'(>'. Uauf^c of inequality, from tiie high

waters, 1'' SI'" or Q"!" 4H', tlie sin. of which is U.4(i4!), and for the low waters, range

1'' )4"' or 'is" ItO', the .s/«. of whicli is 0,4771 ; hence the exiiression for the half-

monthly ineipiality in time hecomcs

I'roni lh(M)l)served high waters hin. •.>(()— 170° 49'.5)=— '>*•>'!'•'••'''• 2 (<J>—.')° l',)

, . , .,,,,, .,i-0Mo.N 0.4771.S/M. 2((1)— 12':}0)
" " " h)W waters ^»/i. 2 (0'— '.'() i° (tO')"

—

"f ...

These expressions furnish us with tlie following comparison:

—

irAl.K-MilNTlII.V I.NKyr.Vl.n'Y in TIMK.

Fruiii Mul watora.

Ai'imroiit

Krnm low WiitiTs.

OliKPrVL-ll. ColllIUltUll. DilTcroiice.Ai-piiri-nt Ol...fiM'.l, Ci>iii]>illf<l. DllVori-iici'.

xiiliir liiiiii i'f <..liir tuuf c.r

lllin.ii'^ trinvil iiKinrrx tr.'in:<it.

III. 2;i" r.Mi — a" — a- II" aiii" + -. 4- .;" — 4'"

1 :.'< —ai -jn — [t 1 :.! n — la + ia

\i ;iii -42 —aa — a J an — I'.i -ai + ii
:i :ii> — Till ,'i2 - 1 ;; an — 4;i —47 2

4 :i<i -47 — riTi 4- - 4 an — ri'.i — :iti — a
.'p '2'.t —4.-. —an - 7 r. M —4s —yi + -4

i; M + U\ + « 4- ^ i\ an — - — !•< + ln

7 ;iii + w +4.; — 2 7 2:i +•:;) +aa — 4
^ an +,ill +:.i; + » s an + ta +M -13
n ai +aii -f4- 11 :•.! +:..', +.'.4 + 1

In a.i +:\-i +a4 + •» In an 4-ai +».! — 11

1 1 an +aa + i'-' + 17 U an +ua +!;, — -

('oiisi(l<Ming that the times of high and low water are only observed to the

nearest iialf ho\ir and for some time to tiie nearest hour, the agreement as shown

atiovc and In tlie diagrams, seems to lie satisfactorv.

;\'-J

*.;<

Olirtorvi'd au>l fomputi'tl Italf-iiioiithly inc.iuality in timo I'm- obsiTvatiniis.

Of tli« high watt'ra. Of the low waU'rs.

-UMIO"

40

-1" 1*1"

- — - — -- — - -- —
./fei"-

— —1

^^~^~'~ 1
r~^ Q
\ i:,j i^T""

/ , --

_ —

\

/
^

s -- to \~~ iV
- -- — - \ vi_

\ 1 c \
N

~ ~

-
-- - le—\

- -- k
- -- \ _J--,

-- -
-

- "
1

\
V-

- - ^
- ^A\-~„k /

1 k 1 1 _i_i ^AiiL 1 .^_. _ i_ \ !

20

10

ao —i\f—h-
40

0" 1 2 a 4

30'

s II 1(1 11 12" 01- 1 2 a 4 S (i 7 " ii 10 11 12

30" ai'
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w

'V

la the nhovc (liu-nini, flio observed values are indieiited l)y dots; the eninimted

Vidues aro represented by <urves. l-'roin flie times we have seen the mean valuo

* (or
**"

of tli(< wave theory and (.1) of l.ubhoek's) - 0. HI, and a - 0" 3()'°
; hence,

h' \ M"
the nfj;e of the tid<', or tlie time requisite for tiie moon to increase its right ascen-

sion by that amoinit, becomes '(2 (hiys, or 18 liours.

Iliilf-moiit/ih/ liii'iiiialitii ill Ilvij/lit.—Tlie theoretical eximssion for the half

monthly ine(iiiality in height of hif,di water is:

r; — k/ \Ii'- + Ir + 'i hh cos. 2 <),{'

where r_ exjiresses the height of the jxde of th(> iMiuilibrinm s]iheroid above fin?

mean level of the surface; for its applieation, and according to the wave theory, it

must be changed to:

K ^ \/i'' + /(= + -i/ih <7).v. 2 (</>—u) i'-

'I'lie following table contains the results of the observations from tbi' high and

low waters, and the moon's superior antl inferior transit:

Krum fUlH-ri'T tr.iiijiit^.

Mnttn'i

itifi'riur tr;iii(*it

IIi'IkIiI i>r NuiuliiT

.M.MIIM.

llvitll)! of NiIIIiImT.M.M.n'n Ilfl^lil i.r Numl.er.
Inui'it. limli wtilvr. triilii'il. hiKh wuttir. IhkIi ..»(.t.

K..I t-.'.'l. F.M.t,

ll" 31'" 12.1 2n (11. 2'.l" 12.2 ..*« 12.1 V"

1 ^11 11.11 22 1 :il 1'2.3 :l 11. 'J 43
2 21) 11. s 211 2 27 11.8 i;i 11.* 311

3 211 111.11 21 :i 31 11.1 2ii 11.11 47

4 27 111..'. 22 4 33 111.:. 20 10.5 42
'i ""

It .'i -Jn fi :iii 11.4 H u.ri 3-

11 2:i '.:[ in 11 34 11.1 l!i' n.i 311

7 m'.* 11. 1 21 7 3.) 11. il 1- 11.3 3'.l

^ .'VJ !!.!• 21 s :iii 11.7 i::t 11. s 47

9 31 111.4 1' II 311 1(1.4 lit 10.4 3H
111 31 11.1 21 111 211 1 11.11 111 11.0 4(1

11 32 11.7 111 11 2S i\.i lit 11.11 3S

24» U1 io.()7 4115

Fruiii ^UI^.'rit•r t^au^itlt. Kruiu iufcriur transit s. Mi'ali.H.

llrliiKt .if Nuiiiliur.5!,„m'i Iltlfthtiif 1 Niiml..'r. .M'l'in'ii llrijtlll of Number.
trnii.>il l.iw wtitiT.

;
tniii^it. li'W wilier. li.K niil.r.

l\..<. . Fe.'l. K.M.I.

0'' 3l)'" 1.7 i 21 II'' 3(1" 1.1 •^i 1.4 4.'i

1 2n 1.3 2:1 1 33 1 1 -" 1,2 43
2 :ii> 1.7 2<i 2 2S 1.7 •J" 1.7 40
3 27 2.1 211 3 31 2.11 '-'I 2.11 4'!

4 27 3.1 22 1 34 3.3 I'.i 3.2 41
Tt 27 4.1 Ix i\ 311 4.2 17 4.1 3.'i

li 2',P 4.2 1" i; 31 4.il 22 4.4 411

7 2;i 4.(1 21 7 2^ 4.- 21 4.7 42
S 30 :i.7 2.'> S 211 4.11 24 3.8 411

!1 32 2.0 Is 11 311 3.11 1»* 2.8 3ii

1(1 32 1.11 22 1(1 211 1.11 20 Ml 42
: 1 :i2 1.3 111 11 2H 1.4 lU 1.4 38

247 2.'ill 2.72 4117

1 SuL' I'liil. Trans. Koyiil Sdc, ls;i4 unit ISIlil.

' Kric'U'loini'iliii Moti-oiiolitiiim, Tiilt-s and Waves, Art. {ii'-i'i). The e.xpiessioii given 'ly Mr. Lub-

liock is

:

/,= /(4- (/.'j-ld^ '')(.ll.'o.--. (24— '-'t) + (I +'').'i«.24|

I'm- vvliiili M-f iii> iri'i)(i~i-
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Tilt' Millies for /(', h iiiul n were foiiiul from tho maxima nnd minima values of the

iuenuulity, vi/., for the lii;,'li water:

1/
- %/ JlO.d^ + 1.0- + ;J1.S COS. 2 ( </)— 15°)! ;

for tlic low waters

:

// = v/
S

'».!))- + 1,-.V— 'j.K; c.w. •.'
(</) — 1.")),'

;

These expressions iniiy hv eliiiiif^ed to

J/
= lO.ti + 1..') cus. 'i (<j,—\'>), aiiily = 'J.7— 1.7 ivw. 2 {<p— ]')");

tliey leave the followiii;.; ililt'ereiiees Ixtweeii the ruiiiimted and observed values:

—

M" i;lit <>r lii;;li »; I.T. 11' i^lil i.r lew wnli r.

Mnnn'R trnnalt. l'..mputr>l. llli^rvril. ItifTurfni'o. r'iiii|iilteil. nimerreil. iiiir.Ti'iici..

(Ill :t IJ.l i:.i n.ii 1.1 1.4 +o.;t
1 ;iii I'J." 11. ;i —.1.1 1.1 1.2 + 0.1
J :iii 11.7 1 1."* + 11.1 l..'i 1.7 + 0.2
:i :i(i 11.11 1 1.0 O.ll ;!.:) 2.0 —o.;t

•I :;ii
1 ". J 1"..'. +ii.:i :i.l ;i.2 +11.1

.'. ;iii \k:> i'..^i 11,11 :i.ii 4.1 +11.:;

li :iii 1'. 1 IM 0,11 4.:t 4.4 4-i'.l

7 :in I*,- :i.:i +0.1 l.:l 4.7 + 11.4

h iiO !P..'. !'.S +ll.'.f It.'.i :i.8 —0.1
:i :iii IM.2 IM.I +11.'J :i.l 2.S -o.ll

li> Ml 11." 11.11 11.11 2.:i i.;i —0.4
11 'M 11.7 11. >; —11.1 l.'i 1.4 —11.1

The dillereiicrs may lie eoiisidrred uilhiii tlii' uncertainly of the ohservations.

The annexed diaf,'liiiii shows the eoiniiarisoii i,'iven ahove;

—

OltHiTVf.l aiiil i-(iin|Mit>.il li.ill-runiitlily iiif'iU.ilit.v in lu-icht froiii olisiTVrttloiH.

of till' llikll W.llcrs. Of till' llllV W.itlTS.

11

10

"::
. ^..,. . _^ : /^.^ ._ .i. ^ .

j\ 1 /^

1 ' y

->
1

' /^ - \ . .. / . . ..

I ' ' 1

\ /i 1 /

\ ' / \ \ f\

\ /
'

1\ 1 \ ' /

\ / ^ V '

\ r \ /

\ \ 1
\ 1 \ /

,T- 4 -lu "t -^ -t
"

I "^
~f 'i^ -t\/-f-

n r T" -T /.'-' * T
(in 1 2 :t 4 r. i; 7 8 u lo ii 12

3,|„, u u .. .. I. .. .. .. ,. .. .. ;j||

on 1 2 ;t 4 .'1 II 7 » S' 10 11 12

From tli«> inetjiialitv in heiujht or (notation of the wave tli(>orv) — ().;Ui7

h' M"

vliereas from the iiie([nalitv in times or *".... —0.471
/( M"

> 'a

m

}^.i

w

i

\^:'<]

ml
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'I'lii' ratio' (if till' siiliir to tlic liiiinr tidi' is (Icdiu'cii wiili iiioii- rxiu'tiu'ss from tho

..)

r >

UU'I piality ill timi'-i, ami tin- alioxc value is (•citaiiily ^irati r than flu- a>('i'nf,'(' vail

(Icdui'i'il at iniii'i' Noiitlii'ii) NtatioiiN. One of tlii' nasons wliy this ratio is not con-

stant, ami which i)roIiai)ly npiiIicM here, is jjivcn in (.'jilM, ,i) (Tides ami Waves),

viz.: If tides are roinnnniicated hy dili'erenl channels to the sanw port, tlie ])ro-

liortioii ot" the solar and liniar waves will depend on the lenj,'th (»!" those channels.

This explanation would reipiire a polar tide to enter through Kennedy Channel,

to coinlmie with the principal title which passes n|i Haflin's Hay, and enters hy

Smith's Straits, .\ccordini; to the ei|niiil)rinni theory, there should he no tide at

the pole, and Imf a snnill tide in latitude IS}"; hut it is the tide wave propafiated

from the Atlantic, which is (cit in this part of the polar re;,'ions. \\ illi ri'f^ard to

a, its value as found hy the heif,dits is more accurate than that found hy the times;

the latter ;;aM' a !l°, the former l."» (the same from hif,di and low waters).

Adoptiiif; 1 ")", the retard or a);e of the tide hecomes 1 i day, hy which interval the

sjirinj; and neaji tides follow the syzy^ies and (puidratures, respectively. The time-

valni' of u is here snndier than the heif,dit-value, which is more in a.cordance with

theory than the ojiposite, as ohservi'd at a nuniher of places on the coast of Kn;,;land

('»l;l and ft-K), Tides and AN'aves). Compared with other values (d'a, the \'an Itcns-

selaer value appears somewhat smaller than an averaf;e at more southern stations.

W'e have further, mean rise and fall of lidrs at \'au Kensselai'r Hay 7.i> feet,

ranjje of spring; tides 11.1 (i et, and ranj,'e of ne;ip tides 1.1 feet These iinndicrs

are a\eraf,'es tVoin the discussions of !•.* lunations, and ohtain without ref,'aril to the

diurnal inei|nality, whi( h will Ix' investigated further on.

ilfi'it Iif Ihe ChiiHiifs in l/if .)fDon's Dvcliniition ami ParaJUi.r on tlw liolf-inniitMy

Itii'iiHiiliti/, ill I'iiiir.— In reference to the investi^'atiou of the half-monthly ineipia.

lit\, it is com[iaratively of little coiise(pii in <• which transit of the moon is taken

for coinparisoii ; it is otherwise in the iiivcstifjation cd' the effect of a chanp' in the

moiui's declination and ])aralla\, as well as for a similar effect duo to the sun, which

lattiT, however, (aiinot hecome a suhject of investi>,'atioii for thi' tidal series in

hand, on account of its short extent; for the Hiiine p ason, the variation in the ine-

(piality, in heij,dit, will have to he passed over. 'J'o ascertain the effect due to the

moon's declination and parallax, an anterior valwe, correspondiiif^ to a certain ajjo

of the tide, is to lie taken in the fomparison ; the iirecediiif; investii,'ation f,'ave for

the retard 11 day, each lunitidal interval, minus its cmTcsiiondiiif; mean value for

the respective hour of tin- moon's transit, .vus therefore tabulated in respect to the

moiMi's declination and parallax (separately for each), corresponding; to one day ante-

rior to the time of hii,di or low water, thus referring' the results to transit iv. The

j)resrnt investigation can only furnisii an np|>roxiination to the true results; the

' Kipr i'niii|iarisoh of ililTcivnt viilucs fur lliN nitin, Ilit- fn||i)wiiiir Imvc lic'cii .sclK'tnl ;

'
^ fur I.iukIoii,

(I :I7:'; fi'T rijrriiiiiili, li |ii;
; friiiii llic cl^.u•.^ilPh< uf llii' Su|ii'riiilc'iH|i'iil of ||ie V. ^. Cuiist SiHVfV, fur

Kcv ^\'l^t, a lli'.'i ; .Sun Ili(;.'u, d.li'.l ; ami Siiii I'Vaiicisru, (l.:il-i. (Aiiiiiial HijmiU of IS.'>;i uiiii .'14.)

V'" *
' fur Duhilic, II.J77 ; fur lln>l, a,.!li;; fur I'lsinuuili, a -JlM.
,1/'"
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nlwcrvutioUN, whili' tlii-y if'wr icliutilr value for the lmll'-iiii)iitlil\ iiiri|iiiilily, cimiini

lie (•\i)i'(t<'(l to ),'iv(- tiKirc tliiiii ail u|i|ini\imalioii to its \aiialii)ii>i. For any din'

statiiin, anil any nnc in<'(|ualily or coni'i tiim t>) it, sjiccial cNainiMalions vciinin' to

b»' niudi' to UNCcrtiiiii tliut tniusit of tlic nmon, Ih'sI suited lor the [inrpose; this 1ms

liai'illy Ix'cn ilone lor any standaiil station, luiil it suflices to state lu'i'e that, hy

ret'eniii^' to an anteiior transit, the whole hall'-nionthly iui'i|iiiilit\ is inoMil ha<'k-

ward thron^'h nearly twcnty-l'onr minutes tor every traii'-il iirecedini,'. I pon the

ine(|Uidity itself, the ell'eet is hut of a ditferential ehuracler. 'I'hns to refer oiu'

tahle to transit /•,', deduit '.'I" from each \alin'.

To coneeiitrute as nniny values as possilile to a mean, the eluin;res of declination

and parallax were ^;ronped for three values. 'I'lie separate pareels for declination

are for declination (I to \'-i\ ]')' to 21". and '21 to "il '.">, irrespective of sifrn. 'I'he

paridlax ;,'roups are; ')!' to .W, .")(!' to .")S', and ")S' to lll'.-l.

'I'lie ditl'erences of interval for the hi^ih and low waters were nnidi' tail separately,

and, in p'ueral, n>,'i'eed tolerahly well. I ohiained the f(dlowinir results;

—

TAia.K sHiiHINll THK CiillllKcni'N (IN MINI TKS) To IIIH VK.AN IHM in.V IMKIUAI,, r"ll A illAMiF. IN TIIK

Mo..n'> liKil.lNAIInN AMI I'AUAI.I A\.

eiirri'i'iinii to i iN-rviU fur iiimm s .l.Tliii.'ili.m. (.irr.i'lioii lo iiiti'rv;il fur liuion's ii,Mi»M;ix,

Mnun* tmn-ic III H' 1.1 In Jr. 1\ 1" 27 .. ,M' 1.. -.IV .111' 1.1
'1.,' •tst.nr.i.

II- ill. 2" 7..I + .v.. — 12"' + 14" — 7"
1 :iii + 1.1 — .'1 -is -17 + 17 + •'•

J 111 +•:! - 7 -12 -11 + 12

:i ;;ii + 'j:i 11 it — 1 + 2(1 — li>

.( .u> •( i' It - 1:1 - I 4- 1 — :!

:, ;i.i + 11 + •« — 1.". + ltl + l:t — ;iii

i; ::o — !l •i-1- ~— ;i + 7 — ;i — 2
7 •" -f 1

-1:1 + !• + .'• — ;t — li

- :m -). 11 + 1.-. 4-:ii -I't + -

;i .li> — r, + 1 + -J^ + !' -11
III 111 +

1

+ 1" + ii, — !l

11 111' — :) 2 + :i - 1 + •» + 4

Mi'nll + .'," _ 1". - r- + -J- + 4- - .-.-

.v.. ofllllSl.lV. ;!7:i :: ;i4- ;j>7 211 ;i,i;i

Ml. Ill .l.vliii:il,..n 1m .Mi':iil (Mlallax .'.7.1'.

'I'lie ahove falile of declination corrections oxliiltits systematic values for the

periodical part of the lunar clli-ct, or for the term D sin. 2 {(p
—y). Uetvveen 0^

and l;l' of dediniitioii, the correction is positive for transits lictweeii 1'' and V', for

(ttli(>r hours ni'f^ative; for declinations between l.]° and '21° it is positive, between

the hours of I and 10; for reinaiiiiiifi; hours it is ncfjative, and tor declinations 21°

to '27 .;"», the correction is jinviiive, for hours 1 to 1, and negative for remainiii!,'

hours of transit. The iiuantity /> is accordinf,dy about 14 minutes, and j eipiids

15°, ()0°, mid l(t.">° respectively.

The variation in the ineipialitv due to the cliaiijies of the moon's declination

appears large when compared with its value at other jilaces, hut is in conformitv

with the large value of the lialf-iuonthly ineipiality itself.

The periodical part of the parallax correction is of the same form as given above.

10

m
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m
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A ^

Tlic (>iiii)iii(!il viilucs for the ftroups of siiiiill and middlo vidiics of |)!iiidliix aiipciir

systciniitii' ; llu- valuos in the last coluniii for li',rf,'o i)aralhix arc less rrj^iihir. Tlio

niaximuni correction on the avcvni,'c is sonicwlia; <;rcalcr than onc-fonrtli of an lionr.

'I'lic c(>rrcctions to tlic iiu an cstahli^linicnt for chanijc's of tlic snn's declination

and parallax may be tak( i? as onc-tliird ol" the eorrespon(lini» lunar values, and in

the ]iii'senl case \\ill prohalily not exceed tivc niiuules of time.

'I'he means ol' eaeli column, contaiiiini; the uon-jieriodical ]iart, arc small, and

a])iicar rather iiref,'ular ; they are ^ariai)lc with the transit or the moon's age

adopted in ihe discussion.'

DiKnidl liiriimiliti/.—We now ])roceed to the examination of a prominent feature

in th<' Hensselaer llarlior ti(h's, namely, the diurnal ineipiality. 'I'his inecpiality

is well maiked in the <lia{;ranis, I'lates 1, II. and III. .\lthoiii;h the existence of

this ine(pi;dity, in heii,'lit and times, has lonjj: h(>en known to practical men, it was

not initil alioul twenty-tive years ai,'o that its laws were naderstood and reduced to

computation by Mr. W'hcwel!.- 'I'he subject has since been taken up by the

j)rcse-'.t sn])erint<'ndei)t of the l'. S. Coast Survey, j'rot'. liache;' his researches

cominenced about nine years ii;io. and resulted in a fiiilhcr extension of the method

o( discussion as well as in the recof^nition of thi' i;coi;raphieal limits of the pheno-

nuiia on our own coast ; further, tlw discn^sidu of sini;ie day tides, produced by

this iii('(|ualitv in extri ine cases, and here (omplicalcd liy an extremely small lise

and fall of the tides, was now successfully acconi[iiished. Acciudiu^ to the e<iui-

libiium theory, the diurnal tide ou;,dil to be \ery small in latitude 'i'.t° ; but \iewini,'

the l!cn~srlae) Harbor tide a> a \\a\c. |nnduccil piin(ipall\ in the Atlantic, and

lUdpaualed thronL.di Davis's and Smith's Straits, tin existenic of the diurnal

ine(|Uaiit\ in so hi;,di a nortiiern latitude cannot surprise us. 'I'lie tollowin;; notes

\\cre extract' (1 I'rnui ('a[itain Mi( i^iilork's n:iirati\e of the \o\a;,'e of the •• Fox,"

I
In

!b

: a

' On this |i(iiiil lln' iriiiU'r limy (•(iiisull \Vlii'\n'll'~ lilli scriis nf tiiliil ri'scnrclics :
" Liiws iif tliu Tiili's

fi'.iiu ii .'Sliurt Sfrii's (if Oljsi'rvaliipiis," I'liil. 'I'l-aiis. isijs; ulsu Airy, " Tiiji's iiinl Wavfs," arlicli'S .jf)d

mill l'nl|i>«illL'.

« ItcSl'linllcS III! Illr 'I'illi-, -iMll MTir«. On llll' lll>llll~ of nil l!\l.ll-in' ,s'.y.-li-lll ill 'I'lilc ( •lisiTMlll.ilirt

liiaile nil till' ('iia>l> "f |-:uin|ir ,iiiil Aiiiiiira in .liiiii', |s:i.V |!y llic l!rv. \V. Wiii'rti'li. I'liil. 'I'raiis,

lt..y. ,S.r. |s:!.;^

lii.-rai-ilu-.- nil llic TiiK's, -I'Viiilii MTii's, Oil llll' Iliiii'iial liin|iialit> lit llll' lli'iv^lil 111' till' Tiik', I'sin'.

liallv at I'lyniiiiilli mill SiiiLi-iiji'iri' Ity llic siiiiic aiillmr. I'liil. 'rraiis, Is:i7

Uosi'Hivlics (III till' 'I'iili's, ciirlilli si'rii's. Oii lli- I'riij,'ri'sn nl' llir Piiirnal liicijiialily Wave aliuiir llic

C( in sis 111' I')ill'ii|ii'. liy till' saiiic anllmr. I'liil. T.'liis. Kny. Sue. |s:i7

' >iiti.' nil H Disi'USnioii (it 'I'iilal OiisiTVr.liiiiis nt Cat l.slaml in tlir (Jiill' nf Mcxicii, liy I'l'iif. A. K.

liiirlii'. Cna.-I SiM-My i;c|i.ii'l I'm- Is'il, Apji. Nn 7; .SilililiuiiMl .\i.lrs ilii'i'cln, Coasl Survey lt('|uii-t

fur isj-.', A|.|i. N.i, •-'-'

On llic 'I'idisal Key Wc-I anil nf the W'l -li'l'li Ciia-t ul' llic I'liilnl Stales, (',,a-i Survey l!e|inn fm'

IH.'i;!, App. Nns. -r, I I'M. Ily rriif A. I) liiu'li.v

('iinijiarisiin (il !lic lliiirnal Inei|nality nf llie 'I'iilcs al San llieirn, San Kriinciscd, anil .Vslnriii, nii llic

I'acilii- ('nasi nf the I'niled .Slales ''na>l Survey l!e|iiirl fur ls;,|, .\|ip. .\,i. I'l;. l!v rrnf. A. I>. liaclic.

Appinxiinal.' Cn-Tiilal Lines uf Iliiinial anil Semi-llinnial 'I'iilcs nl the ('nasi nf llie I'nileil Stales

(111 Uic iiiilf nf Mcxicii. ('nasi Survey Kcpml f.ir Is.-n;, .\pp .\n. .'i.-i. Ity I'nif. A. I». Ilaclie.

I'lir llic llienrelieal iiiveslipilinn nf ihe ilimiial liile, see also Airv'-- 'I'iiU'.- and Waves, arl'cles li; and

fiillowinp ; and articles .'inj anil fiilliiHin;t
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in 1S")T. ViS, '")it. l{(>f'fniiii,' tn liclldt Stinit: "As in Cnvculand, tlio ni;,'lit tidi-s

arc nnu'li liis,'ln'r tliiin tlio day tides." Si^'ukinfj of tin- ice motion, and icinavkini;

tliat lli(> tides arc tlic elii(>t' cansc of it, ho says: '"Now we know tl)at the nif;lit

tides in (Ji'eenlaiid ^ri>atly cxecid tlie day tiiles." Also, when near Huelian Island,

nortli of I'liernavik, and in the vicinity of C'ajic Shackleton: '-We liad t,nounded

during the liay tide, and W(n-(> floated off hy tin; nii,'ht tide, which on t!ii.-i cnai-t

occasions a nuit ii f;reater rise and fidl."' l$y the lalxn's of Dr. Kane we now know
that the diurnal ine(|nality c\ten<ls as hif^h up as I!)" of latitude on the north-

western const of Upper (irecnland. In a report of Mr. .Soniita^f's to Dr. Kane,

dated fiodhavn, Sept. 12, Ks.")."), he says: The mean lieiij;ht of sjiriu;;- tides is 1'2.S

feet, and at the tini(> of new and full moon high water is at ! .'''()"; the highest

spring tide is fhrei! days after full moon, an<l the night tide is at this time fidly

three feet higher than the day fide. At Xorthumherland Island, Sept. 10, llS.Vk

at (after) the time of full moon high water was at 11'' P. M., and the night tide

rose three feet more than the day tide. These statements, crude as they necessarily

arc, show that the attcTition of the i>arty was fully directed to the phenomenon.

.V cursory examination ol' the Plates il, II, and 111) >iiows thai the diurnal

iniMpiality extends without exception o^' '• the whole series of oliservation. that it

is well marked in the dilfermce of tjw iieight of high water, but verv little or

inci^'ulinly in tiie height of low water; tjiat sometimes the day tide, at other times

tlie iLJglit tide is tile higher of tile two occurring in a lunar day ; I'urther, that it

\aiiishcs a day or two after the moon's crossing the iMpiator, and tliat it amounts

in maximo to about three feet some time after the moon attains her Ljreatesr

declination. There i- hut oiii' instance where tl;i' iiiei|nality approximates to the

production of a single day tide. See curve for Nov. "J:!. l>o;i.

We may now enter sonu'wliat more fully into the discussion of this inequality,

which is ju'oduceil hy the interference of two iiideiieiident waves, the diurnal and

the semi-diurnal, the former depending for its si/e chietly on the moon's deilina-

tion. l''or a (omplcte study of these compound waves, they re(piiri' to he examined

in thi'ir separate parts, and it wiuild therefore he our first olijeet to ctl'ect their

separation into the diurnal ami the scmi-diiu'ual; a process wjiich, when graphically

performed, is neither too laborious ncu' lacking m accuracy; it is nevertheless a

process of some nicely, and reiiuires observations of standard cxccdlence. I'pon

trial, 1 found the less rigorous method employed by ^Ir. Whewell in his discussion

of the Plymouth and .Singapore tides, was bi'tter suited to the general mass of the

observations at \'an Ueiisselaer, and that the aliove described process of separatimi

had betti'r be reserved to tliat portinii nf (Uir olisei\atioiis wliiih are apparently

of the best characti r.

Tiic oliservi'd heights 01 high and low >vater were laid down graphically, and a

line was drawn b\ the eve, cutting off tin" zig/ags of the successive high waters,

Kviving C(pud piu'tions aboxc and below the iiilermediate t.ir\e. T'liese dill'erences

from the rnean height were then si-t off i'rom another axis, ami thos(> helonging to

the high wati-r next following 111." moon's superior transit were marked by a eurvi!

of dashes; tiiose following the ni iiui's inferior transit w(>re marked by a curve of

dots. These curves, withoul cxci'ption. were tiunid to iiave alternately, us the

M
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moon li;i!s iiorlh or south (l.'cliiintioii, positixc niid noijativi' oi'dinntcs, in |u'rf'cct

V itli till' ('(|uilil)rinni theory, iicioiclinj; to whicli tlio liih' (lii^h water)lu'coidanci

vliicli bi'hi ofnlncli l)i'hinf,'s to ii suntli tninsU ol tlic moon hlionht he tlic grcati'V ot tlii' two

till' sanii' (lay, the moon's (Iccliiiation being north, or slionlil be the .smaller of the

two, the moon lia\ iiij,' south declination ; when the moon crosses the equator (or,

acconlini,' to experience, some time after it), the ine(]nality vanishes; the time by

which the lull <tl'ect is ]irodiiced is, as in other cases of the apjilication of this

the(uy, later than theoretically indicated. On Plate III are driven specimens of tlu?

diurnal iiui|nality curve, construct<'d as e\i)laiiied above and on the same scale as

the other diai,'ranis on these plates. IJy means of the diagrams, the epoch when
the ineipiality vanishes has been made out as follows;

—

T.MII.E SllliWlXd THE OliSEIlVEl) TIMES WHEN THE UlIUNAL IYEgC.\I.TTV V.tNISIirs, TIKIETIIEU WITH THE

TIME WIIKN THE MciKN I'IKlSSES THE EyCiTllll, AXD THE lllKFERENTE OK THESE TIMES, (IR THE NCMIIER

(iK I'AVS 1)V Wllnil THE CAl SE I'llECEliES THE EFFECT. THIS IlIFFEHEXCE 18 AlJiO CALLED THE EI'dCII.

\ , 11 111 ,u:>lilt .\I....i. .,,.,,, ii.n.T.ii,,-, V.,.M li>..|il;ililv M,...ir. 1,..:; Hiffo I'lit't.

.l,..,|.|.,;„- iijtiin 1 .iii.ii

"

..r ,-|.., 1,. .11-111 I....11..
1111(1. .11 niual 11 i.r 1-1 ...'li

I-,-, (1,1. lift .i|.-i.r\..,l l.v 7'i l-.'l April -J-' N" 111' 11' :|| .J It,

(l.t. :ili' •A' 1 -'.1 In 1' .; .M.iv 1' i;4 II II 1

-1^ ';•;•
(

11 11 1 7
'Jl 11

.lilli" 7 '.1

-1 17 1

1

Jl
1\

" U7 '-- ' 'J'' t 1 1- l:i !l 17 -J'J 1 11

1 '.t •.! s " 1 I .liilv .'i 4 J 17 •J 11

• •.;..
1

J

J:t l:i 1 ::. .. ;,, ...
•J'.i -J'J i; )•

1- .1 ill. lli.t iili-iiv...l

1;'

- s,.|,t. !i :i

Ki'tn.-iiniiii; *>l..*i'iva- -- 11

'.

.'''

r.i.. .1 I

h: 1-

I

l.'i

Ill 1 1-

1' 1.1

tiiiii.* I'f S lit'rt IV
1 not siilUiU-ntlv rf- MlAll. P I,-,'

Mn. ; \,l
1

l;< 1 17
liaM.'.

Mar. .>r~'i,in,..|ri'I 1

'I'lie results fur tlic epiicl. are Mr\ regular, aiui «illi the exception of jiart of

the last series, which is of interior accuracy, no obser\alion has been omitted.

'I'he iiii ipiality \aiiishes at tbi' di'-taiice of l.li'J davs' niotidii of the moon (rom her

nodes.

'I'he mairiiituile of tin' diurnal iiictpiality, and its \ariation deiicnding on twice

the luiioii's declination, I'las made oiii b_\ dividing the ineipialitii ciirMs in si,\ parts

between the times of disappearance, and by tabulating the ordinates as well as the

ci)rres])oiiding declination of the moon, the following results were obtaimd fioiii I'i

complete lycles, omitting no value, viz;—
A.MMl .M (iF nil ll.XAL I.SEyl .VLIIV I.N THE llEli.HT (U liual WATElt.

>tri!iiinl'' (lu f« t 1 M..1IT1 Ml'Hll

ilfcliiiiiliiin.

n

1 1.1 J. 1

11 II

1.11

II

ii.:i

11

11. li

II

1.4

II (I
•

1..-, l..'i

(1

1.11

11.11

1.4

II'

'J <'..*i -.*' J.:i 4." 1.'- 2 .'i 1.11 l.fi
.1 .1 '2.11 u.l :t,ii •2.:i Ul

;> 1..^ -.- :i.ii 4.(1 4.11 J.N 1.1 l.i; -.- :t.l J.ii il.ii -. .'l •jri

4 !.•; J.'i ;;.(* 4.(1 II. 'J :).i; 1..'. 1.4 l.~ 1.11 :i.:i -.7 ::.:) '12

'
'ii'

1 1 :i.ii

It

:;.4 \.-l 11.7 :\.:, V 1.11 J. II 'J. 11

11

1.7

11.11

IJ

(1
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The niraii decliuiitioii ron-csponds to an epoch l.G days anterior, wliifli remark

applies also to the tbrnmhi dh = C sin. 2 h', represeiitinjj; the diurnal inequality (//(

in two successive hi;j;h or low waters, h' being the moon's declination. For the

value of C we obtain 3.3, which gives xis the following comparison:

—

.^'ifi

miUNAI. INKIil'AUTY IN IIF.UiUT.

(10|iocli l.Ci ilnys.)

M '• .ll'.'lllKlliHil. 01, iTVi..! .//;. Ci.inpiilfl ,//(. Ilif1,T,ll..,-.

)p II.

O

11.11

r.Ti.

II.

r

VI 1.4 1.4 II. 1)

•i\ 2.:i 2.2 li.l

i:r»
o j-j 2..'. <l.l>

2'1 ;;.;! 2.3 li.O

i;i 1.7 1..') 0.2
M 11.11 II. II 11.11

The diurnal ine(|uality in time I have tried to exhibit by numbers as well as by

diagrams; it seems, Ii(!\ve\('r, that the incidental irregularities in the observations

themselves, cmipled with the fact that the oliservatinns generally were only made
half-hourly and at other times hourly—so far exceed in magnitude the ine(|uality

itself as to make the etlrct nf the chanties of the moon's declinatiou c v.ceedint;ly

oliscure. 'I'lie lunitidal iuterxaN (fur hiuh and low water) bitwrru Oct. 17 and

Dec. '.'>>, Is."))!, hi'twcen .Ian. "Js and March T, \>>')\. and helwceu .liiiie I and Jnlv

7, 1S")4, were tabulated in vertical columns; the means of the alternate values

were tabulated in the 'Jd culinnn, and placed in the hori/ontal line opposite the

intermeiliate \alue of coluinu one. 'I'iie numliers in tiie tirst cdluuin were next

subtracted iViim liie eorrespiindinj,' numbers in the second column, if the interval

belciii;,'i(l to the inferior transit ; if belonging to the superior, the values in tlu;

second eolunni were subtiarteil finm tlio>e in the first. The moon's declination,

for noon each da\, was also set duwn. 'I'lie '.'7(i values for dinrnid ine(puility in

time, thus obtained, were plotted, .\ftir attempting to deduce an epoch and

arranging tlii" values tor dill'i rent assumptions Ibr epoch, no satisfactory result

could lie obtained in any wa\ ai cording with the exiircssion

,11 ::. ''
'"" ''*'

(sre I.ubbodi, i'hil. Trans. ls:n).
1 + A ais. -I/)

and the results of the invest illation must be confined '
i the following general

remark. The diurnid iueipialit\ in time' is in nnixiina probably not exceeding t-wo

hours; it seems to be less in amoui t Ibr the tinu's of high water than for the times

of low water, a result the iCMrse of that belnnging to the ineepiality in height.

A similar (onclusion was arri\ed at in the discussion of tin; tides at San I'rancisco,

Cal. (I'rof A. I). IJache in Coast Survey Report for 18.')3, p. *Sl), wlu'ii the smiillfr

incipialily in height of high water (when coiniiared with that for low water) cor-

responded to the (ffi'titi'r inecpiality in time of high water (when compared with

the inequality for low wati'r). \\ hether the iiu'qualify of the height for high or

low water is the greater or sandier dei)ends only on the epoch of tlii" diurnal wavi^

comi)aretl with the epoch of tli(> semi-diurnal wave. Tiiere is no regular increase

:-K

fl
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of the iiic(Hiiility conrsiioiKHiif; to mi iiicrcasiiii,' (irrespective of si>i;ii) derliimtioll

of till' moon, but tlie tiiive ninieavs (loiil)U'-ri-este(l alioiit tlie time of iiiaxiiimni

declination, thoro beinjj; a sudden diminution in the inefinulity, ])recedcd and fid-

lowed by liiji;li values; about tlie time of tlie niooiTs ciossinj^ tlie ('([uator the

iiMMluality is very iri-ei;ular.

On Mate IV, tlie actual separation of the semi-diurnal and the <liurnal wave has

been efti'cleil fjrapliically, for which purpose a ])art of the best observations was

selected ; the.-e observations extend over the ]ierioil from Oct. 'M) to Nov. '.''2, ls.")3.

'J'lie ]ii 'ss of decomposition in use in the l'. S. Coast Survey was at first an

analytical one, by comiiutinf; sine curves; since 1 S,")."). however, a firaidiical process,

('([uivalcnt tlierelo, w;is sul)Stituted ; tliis latter method, as introdiic<'d by assistant

1-. F. I'onrtales, may be briefly explained as follows: After the oliservations nw
j)lotted and a traciuf^ is taken, the traced curves are shifted in e])(ich 1',? (lunar)

liours forward, when u mean cur\(' is ju'lcked off between the observed anil traced

curves; this proc(-ss is repeated aft< r the tracing,' ]ia]ier has been shifted 1 "2 hours

backward ; the average or mean jjrickcd curve thus <ibtained rejucseiits the senii-

diunial wave. On an axis parallel witli that on wliicli the time is co,iiited, the

ditierciices between the ori;;iiially obser\ed and the ciuislnicted setiii-diurnal wave

were laid off; t:. s coiistittites the diurnal curve. In the case in hand 1 have

siiupliticd the prncos of se|i;u'ation by blackeiiiiij; tli<' under surface of the tracin;^

])aper with a lead pencil, and ruiniiiij.r in with a free hand; the inliiiiiediate curves

by the pii-^sure of a style, an average of the two traces thus let't on the lower (ia])er,

^a\(' the semi-diurnal wave in (piite an expeditious manner. On the dia^jrani, the

diurnal (ur\e with its epoch of ln;,di water nearly coincidinf; with that of the semi-

diurnal \\a\c, appi ars plainly with its \ariation in si/.e dependiii',' on the iiiodii's

declination.

Incvstii/dtioii of the I'ofm (if tin' Title ]]'iire.—The shape of the tiile \va\(' lias

been ascertained in the manner described in art. ( li;)) Tiiles and Waves, and

depends on the hourly observations of (lit tides, 1(0 diiriiij,' spring' tides and an

equal number durin;,' neaii tides, tiiat is, the observed licii,'hts on the day of the

swyuies aial (piadratiires and on the tir>t and scdcid da\ after, were tabulated,

toiiiiin;,' feu groups of three <oluinns ea<li, from low water to low water. The
columns ot an eipial number of hours (they \ary iVoni l(i hours to I 1 li(Uirs) were

uniteil in a mean. In order to eonibiiie tin se it was a-sumed that the interval tVnii

the obs( rved low water to the next followini; low water corres]ionds to ;!()((' of

phase, and the time nf e\cry intennediate obsi rvatioii was einnerted into jiliase by

that proportion. In onlrr to render the observi'd hei;,dits loiuparalile. the ranjje

fidin lii;ili to low water in e\eiy half tide (the reading ot low water Ibr |)liase

f,'enerally not beini; idi'iitiial with the readiui: of the succerdin;,' low water or phase

;}()0°) was sup]iose;l to ((U'respond to '..'.(ID, and the elevation above the low water

was converted into number by tiiat proportion, thus tiuni.hint,' a series of ordinates

for e'piidistant abscissa'. Tin; means of all the phages and corres])ondin^' converted

depressions wit liii every MDtli dej^ree of phase vveie then taken with ])roper re<,'ard

to the wei^rhts, de|)eiidin^' on the number of columns, id' ei|ual hours, united at the

(omiiienei'meiit of the reduction, lly observation of the piogress of the numbers,
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it wiis ciisy to alter tlio latter so as to make them cxnetly eorrespoud to the jjliases

;i()°, (;()°, !)()°, r.'0°, etc. in this manner the following numbers havo been
obtained ;

—

nut TlIK SIMllNU-TIHK WAVK OrrniltlXcl liNE AND A (jrAllTEIl HAY AFTER FIIJ, AMI NEW MOdN.

I'llil-l ..r K'" !"• Prn, tirti'<n;il liuiKlit 111 live \>iW water.

If 0° n° O' n°
Menn.

0' o.on

1

o.no 0.00

1

0.011 fl.no

Menn.

2li 2S 30 33 liii .'!'! o.oti 0.23 0.24 11.27 o.m 11.21

77

55 IKI

11(1

Ii6

!l,S

72
III.S

50 0.32

0.!U

0.11- O.llll

1.13
, 1.3.1

0.7" . o.4i;

1.32 1.17
0.71

1.24
lii:i 111 liiii ll'.l 144 12" 1.311 l.ll- 1.73 1.7il 1.52 1.70
lil'.i l:i- '...II li;4 l-li l.-,i; l.M 2.04 l.!l- 1.113 2.110 I.:i5

1 II I'.Mi 21 11 1-11 1.114 1.118 2.11"
ISO IM 2111 221) 252 21

W

2.110 2.00 1.-4 1.5i! 1.":i
iiiii l!2l! 2411 2112 2>s 2.17 l.M 1. 4 1.45 1.15 1.4.1
•SM 24!l 2711 2114 ^24 270

: 1.58 1.23 1.11" 11. (;5 11.41
11.1

7

277 :<iiii 327 3tiO 300 1.14 0.7'.i 0.27 11.25 "."" (1 37
jK.t 111 15 Xiii JOO 3;o 0.110 0.40 0.17 (1.00 M 17

a.'i-j Hljll 3i;ii 0.15 o.ii; 0.00

.Wit

:ii»o 0.02
11.1111

11.110

Weiglil

^^^^1

1 l:l
' 1 Weiulil 4 l:i 7 1

'I'lie (nliiiiius lifiiileil •• meiiu" show tlie ordiiiiites tif the wuv(\s Cor (nciirlv)

ei|Mitlistiint iiilerviils of liinr.

'llie liillnwiiiL; liilile ( iiiitaius the ctii ic-]i(indiiin; nimilieis I'nr the iiea]i tide wave
neeiirriii^' U day at'tiM- the first and last iiuartrr. anil as tit rived I'nim ;iO tides

fihserveil iiiinilv tViim low to low water:

—

m
';i'ill

w; ;:

IMill,*e n( ^n.iii»(i.

24 0''

4S 2.1 ir

72 : 51 2-
liil 77 55 "
12" 1"3 -;l till :!3

III IJli 111 11"

1.:- 15 1 l:i- 12" li-

l;i2 1-11 |.:.i 15" ra
Jl'l J.'.l li'l 1-" 1-4
21" - ;i 2-2 21" Ui.l

2114 257 24 ;i 21" J2'.i

2-s 2-3 277 27" 2i;2

312 3"ll 3.15 30" .'114

.131! 331 332 33" 327
2il" 3110 3.;ii .111" 3illl

W..i>!llt

0'

211

nil

I 17

l-.i

i;i.i

211

271

:i"l

331
liil"

l'ro]...rti(.nnl hi'ij^'ht .•il.i.\f l-.w wiittT.

I.:i2

''" (1.00

'2'' 11.17 O.ro
l;t 0,55 11.24 ii.i.ti 0.""

l.ll

1.53

11.511

".113 11.5"

11,00

ll.llO 0.00
0.20

0.52
l.-.l 1.35 1.115 1.02 0.00 1.0-

-2 2,11" 1.73 l.llll 1.44 0.35 1.51
"0 1.115 2.110 l.f-5 l.-l 1.01; 1.-2
112 l..;2 l.llll 2,11" 2.00 1,— 1.117

'"I 1.4:1 1.72 2."" 1.72 1.-4
2.. l.llll 1.32 l.-l 1.4:1 l..::l t . 5 -

1'4 11.117 ".Ml 1.37 0.711 O.Hll 1.0-
51 0.24 ".32 0.71) 15 0.10 (i.5(:

23 "."5 ".04 0.42 0.00 11.11" ".22
"0 ".Oil "."" o.ti" 0.0" 11,11" 0.110

W.'iclit 3

I'he results are n iiresenteil in the annexed diatcrani. The result for the inni])

e ( iirve has also been nuiltipiied bv ,', ",
. the ratio of neaii and siM-i.i.r t;,!,, ,•.,„„„

I ,
,, tile ratio ot neap and sprinj,' tide raiiye

as found on a iinrediliy page, and was ineivased by ()..j to refer it to the s;ii,ie

level.

:'i'''V^i
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1.011
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|;|;::^^i;_^:|;:::-;

'i'"-i!^g----^;|f-±[

.M^':":::::::::g.:

2i-:^fffe:;j^|±^
II ;iii iiii Jill 1^(1 i.'n isuuiii 'j-tii •J7ii;iiiii .Till ;iiiii''

Tlio full curves in tlic rliiii;rain show tlic I'oiin ol' tlic s]iiiiit; and neap ti<li' wave

(the scali's ix'in^' arliitiai'v ), to which has hccii aildcil for convenient conipaiison

the (lofted ciiiM' reprosentinf^ the neap tide wave on tlie same relative scale ns tlio

s|irinn tide wa\c. It is apparent that the sprin;,' tide wave is sli^ditly steeper

hetween low and hii,di water than between hi;,'li and low wat("r, and that the neap

tide wave is very nearly syiiiinetri( id in respect to rise and fall.

'^N'e have seen that the dnralion of rise is (i' 01"'. 7- hence the dnration of fall

will lie ti' 1!>."'7
; or in niakiiii,' ehli the time is l.'i minutes fjii iter than in inakinj;

Hood, a ( ircumstance in conformity with the shape of the curves of rise an<l fall.

'I'his holds >;ood for an a\er:i^'e tide; accordinf,' to art. (olD) 'I'ides and ^\'aves, if

the place of ohservation is not far from the sea, or, as in our case, in a hay, the

water will occu|)y a shorter time to rise tlian 'o tiill, and the iueipiality will he

fireater at sprini; tides than at neap tides; this is fully illustrated in the precedin;^

diagram, the sjirinj; ti<ie w.i\c lieiu!,' the stee|)er of tiie two.

The (i)rm of the tide waves will he liinnd closely represented by tiie foUmviui,'

exjuesNions:

—

J'or the spriuij tide wa\'e

—

;").s:{
-I-

.'(..jS sill. (0 + 'J'X") -1- ().'20 .-III. (•.> + "281°)

;

l-'or the neap tide wave

—

'2.42 + '2.2.") .s//(. (0 + 2()i)') + (».tl!» .•.(". ('2 II
i

2!>(i )

;

in which expressions the anf,de ( ounts from low water to low water, from to

;{()() , and the heij,'ht of tiie wave is expressed in feet.

'I'lie relali\e numbers. i.'iveu abo\c as the ordinates, ha\e been chan<,'c(l in the

))ro]iortion of 2 to 11.1 for the biyl'i ' and of .' ,o 4.7 for the lower wave. The

following: table shows the aijreem.', lietween observation and the numerical

expressions, in which the :id and hi;;i 'r terms are /ero:

—
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IMw.'v,

11' i|!hl ol .*^|>rili;; \i^v, in I- . 1

lll.-.T\,.l r.riii|.iil>'<l

Ilri^'lll of 1ii-Ii|i li.lo, III liil

1 it^tTVeil. t'l.lliliUlfl.

II 0.0 0.1 0.0 1 0.1

30 1.2 1.4 O.IS ' 0.4
m :i.;i ;i.!i L.T 1 1.3
RO ti.'.i li.N i.a 1 2.S

120 '.i.-l il.ll 3..'! i 3.»

190 1".; lll.'.l 4.3 4.3
ISO II.

1

11.

1

4.1! 4.U
210 mi 10.11 4.3 4.4
240 7.:i h.O 3.7 3.7

270 D.-t .•...! 2..'. 2.r,

300 'J.I J.4 1.3 1.3

aso II. '.1 II. Ti 11,.'') I 0.4
a«o ti.ii 11.1 ll.il 1 0.1

Ucsjici'tiiii,' ilic ctlrct oC llic uiiiil iiiul ire on the titles, it may lie runiiu'ked that

the iornii'i- ciiii only lie slii,'lit. since tlie sea is jirntcctod from the direct action of

the wind liy its icy cover Cor the j,n'eater part of the year. When tlie sea is par-

tially open, the etfect liecoines sensilile, us may be seen by the following note

extracted t'roni the loi;-book :

—
•' .\nuust n. l^.V!. 'I'he aliiAe records show a heavy ijale from the southward

i,'ra(lu.illy iiaulinu In the eastward; the ell'ect of this tj;ale on the tides was \ei\

marked ; tnw llood ruse two feci aliove any previons rci^isler, overtlowinif the ij;ronud

ice, and our last ebb or nul^oiiii; tide w.is hanlK poceplible." 'I'he ice crust can-

not sensibly alfect (iiy friitinn on its lower surface) the proi,'ress of the tide wave,

and will certainly nut s,.!ivil,|y interfere (by friction on the icr I'oot and breakaire

of the ici' liclds) with t'le ii>c and fall of tiie tide.

I'rof/irss of the Tide M'dcc.—The tide at Van lit iisselaer Harbor may be taken

as u derived tide, and transmitted to it from the .\tlaiitic Ocean, and in part modi-

tied by the small tide ori^'iiiatinf,' in the waters of liallin's liay ; which latter tide,

liowever, must necessarily be small, particularly on account nf the tjeneral direction

of the bay, whi( h is \ery unfavoraiile for tlie production ol' a ti<le wave. That the

tide wave is truvellini; up aloiii,' the western coast of Cirecnland, or, in other words,

n aches \'an Uensselai'r llailim- from the southward, may lie sci n tVom the follow-

ing obs(^r\e(l estaiilishmeuts ;

—
lliil:<t('iiih(irii niirh(ii\h\X\\w\' {\[\ ."iti, luutiituile oil' \'i . 1 li:,'h water at F. \ C

()'' :}()"'. Sprin,!,' tides rise |(> tut,

—

('apt. In^letield, {SM.

Whnhjish hlaiith (near Disco), latitude t)S° o»)', loni,'itude "):}° 1:5'. Time of

hii;h water V. \k ('. >>' 1')'". lliiihest tide 15 feet.— I'arry's :!d \'oya;:;e of Discovery.

G'wMrtc// (Disco), latitude ()!) I','', longitude .Vr ^S'. Tidal liour!>'. Hisi- and

fall 7 J feet.—.See Map in Narrative of Kaiu''s First Voyaij;e.

Vpenincik, latitude 'T 17', lontjitude M"" ():V. Hi^^di water at 1'. \C. 11 .

Rise >S feet.—('apt. liii^leliehl, lS.-)4.

Wolsffiiltiibii Siiiiiiil. latitude 71^' iUi , JDnj^itnde (is ."iti. Ilii;h water at 1'. vS; ('.

IT'S'". Rise, both al sprint; and neaiis, 7 to 7 .^ feet.—(.See Admiralt\Chart of

liallin's Hay, sheet 1, IS.'i;!, corrected to 1S'")!I.) 'i'he observations themselves, taken

by CaiitiiPi Saunders of II. M. S. North Star, in ISt!) and IS.V), were kindly fur-
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iii-.li('(l (i) I'lol'. liiK he l)\ tlir lly(lr()f.'rai)ll(M' to llir Adiiiiiiilty, ( 'a])liiiii J. A\':isli-

iiii;t(iii. K. N., ;in(l me i;i\rii in Ihc ii))ii('ii(lix to tlii-i iiiipcr. And tiniilly,

]'iiii llnisstlarr IIhiIidi-, latilnilc 7S° ISV, l(pni,'ilnilc lO'^ ">;!'. Ili^li wuli r at,

!•'. & ('. 11'' ")(l", as (l<.ivi-(l iVoni tlic piTci'tlinj,' analytical cxiirt'ssion. Uisc and

fall at s|))in<; tide 11.1 i'vot, nt neap tide 4.7 feet, avi'ra<;c vaw^i' 1.'.) feet.

l!v nn'iin-i of tlic dirt't'ivnt'c in the cslahlislnni'nts of IlolstcinKoVi; laid Van

Uiiis^ilai r. \vr can olilaiii an ainiroNiinalioii to the (lr]itli of Dallin's l!:i\ ami Sniitli's

.Stiail<. \i/:—
li'hil li 'iir I.on>:itii(t^ Sinn f'iflV'renro

ll.iUii'iiilpiiri: I'.' :!a"' ;i" ll.V" lii'' d.'i"'
^

i PilVcrt'iHr niriiflnl (nr the

Villi liciissciiiii' II .''ill 1 i;i iii ;i;!
'

'""'

( huhui'-. moiiMn »;''
-jc,'".

A^^UMiini; llii' di--laii('c alnii" tlic channel lo hr lid iiauliial niilc-^, \vi" li;i\c ;i

xclocily of llic tide ua\(' of aliont "JlVi feel in a scciaid. wliicli, accoidiiii: to Airy's

talilc (111). 'I'idc^ and \\a\cs. wonld correspond to a dcplli of nearly l;!(l() feet, or

aliont »*','(• I'athoni-.—a resnll jirolialily snialicr than the true valne, since tlie other

oliser\ations indicate a i;reater dcptli. it may lie taken as an inferior limit ; in tin-

same nnmnev we tind from the (o tidal hours of l'p(rna\ik and ^'an Uen'--elaer a

depth of near .^Oli fatlionis, and a similar result from thi' Wolsteuhoini oliNcrva-

tions; this last re-.ult may jierliaps he taken as an upper liiuit,

SiiiiikHiiiI^.—The iiillmvin;,' sounding's ha\c been copii'd from the lo;,'-liook :
—

.IiiiH'I'.i, |s,i:l l,:,i .M IJ', li.iiu'. .'!' s'
( ._..jvcnihii.|ii M. nil. liiiL' Irtiiic mill :iJ|'"iiiiil -liiil t

• :!r"n.'!n.|..r lull.' M irk

s' 17 " II llrij .|;irl..|

r,l 111 Wllllr.

J III lliitliiin. »illi 17s riilliniii^ ; ,>.|inl lir.iiii.'lil ii|i with '.'luy niinl

Mini liiii' !^aiiil. 'I'lii.' liiiv wii^ ufli'i'tMinU iiit'iisni'i'il.

.liiiH' JO. |s,m;, I. lit .'I'.i I-', l.iiiir. .'ill ;i' (i-'iuiriiiiiciil MHiiiiliii;; ttviiic niiil :!'.'-|iii<iiiil shut).

ClirMniiiiii'tt'r liiiii',

;)' .'ic,'" :;,'i'

;.7 ::> i;..i.

as .'ill Wliil

4 no :r,

-' |s

.1 Hi

.Murk I'liron.^luelel- liliii'

Sihi'IhI 7.'i riillii.iiii^ Ti'iiiii till' iii'M iimili. 4'' -H'" -'.'i'

.Murk

Wilit,'

111 Kill.

II II

14 r.

A III; II -t I. |s:i»

-lll.l)

•.'M 1.. Wliiiiv

i:i.l. :;:! -j.'. lini,

liliirk :;7 -i> IMiirk.

WliiK' l-J II AVhilc

Itoil. n; :;ii Kul

Wliii,.. .M 1.-. Wliii.'

Unl. .M; 11 lii'il.

Mi^^iil ilii- murk .'i"* n linliiMii with lxl7 lii-

1I111111-. Ihir ('111.

Mrlvillr lliiy. lilt 7.'i" III'. loii;r. I'r.'" \-' ((;iivi'riihu'iil sciiiiiiliiii; uviiuMiiiil .lJ.|i(iiiiii|

( hr Millimeter lltllr .Mink.

i' 47"' 1, Starli'il

IS

I'.i

."il

II

II

lli'iL

Wliilr

Iti'il.

.14 II I!la..k

.01 4.'i t'ulloin «iili I'J'.i lilt h 0111;! : sliut brought U|i wiili durk

gri'cu suiiii (5)jniuieii preserved).
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Is III, 1 i....'.

«al.'.-.

II.'IkI.i.

I....S

Ti.,.e.

vat.'i'.

Il.'ik'lil.

l>,\ri.\

1 H.'ill.

Hid WMtlT Low watt-r.

Time. . llfi^tlt. Tiiiio. ll.M,!lll.

ri. 1.. Vl In. Ft, In. I't, 111,
.N..V. 1.;, A. M. l-l 11" "s 1' A- 11"' Il!l 4 Mill-. !:., 1'. M. 1," II"! till II

• 17. A.M. :. ."... 7" 11 •• l:i, A.M. ;i' 11" 7.^1 il

IT, 1'. M. .. ;:() "s i; •' 111, r. M. II II 711 111
•• J:i. A. M. 11 1. ?! .'. .'i II 71 1 27, 1'. .M, n II 7i! 2 *. Ill I 1.7 II
• :'..., AM. |.. 1. 7:. 1 .( :',.i 7.1 11 A|.iil 4, A.M. 12 II r>!i 11

U...-. 11, 1'. .M. 1! .. ..;. .; i; II 1, 1' .M. 4 II 72 2
•

-."J. P. .M. '1 1. 7.1 H III :',.i i;,-, 1 • 12, .\. .\1. 11 :;.. 7'i 1 .*. II nil 2
" :!'.i, A. M. II .. 7: li. :', :iii i;4 II •• 2.;, A. .M. 11 II 711 A .'i II 111! 2

l-.-,ii. M.iv 4, 1'. M. .'. II 7."i II

Jan. l:i. A.M. 1 J 1. 71 •-• .. :!ii 114 -J • 111, A. M. ,'i :i.i

" Ul.r. M. 1 .. T'l 1 10 ::ii ii.'i I " in, 1'. .M. 11 I'll 72 (i
" av, A..M. 11 1. 7-i -l .^ ;iii i!4 2 " 2.;, A. M. 1 7.'. Ill li (1 illl II

K..1.. :i. 1', M. ,1 i'.tl T.t II '.1 II .;:< Ill .lum. 2, 1'. M. 1
II 1.- II

" v.'. 1'. M. 1 .. 7.1 ;i 11 :'>ii i:i: s " 2:i, 1'. M, 11 II 74 4
Miir.l. .'.. 1'. M. 1 :;.. 7.1 II |.. .. .;.: I.I .lulv n, 1'. M. 11 II 74 111 ;i 11 (Jii 1

•
1 . A, ,M. 11 ,:.. ~'', .1

^^.^^^

Ki'iiiii llio iMU);li iiiiiiiui'r Willi wlii.-li ilii- iili.i.. .ilisi'i-viitiiiiis ii|i|ii'iir in Imvi' li.'cu niiiili', an niiiiro.vi-

niiitc I'.slalili.^linu'iil anil li^' nT ti.lr .mlv nui lie ilnlni'cil tVnni llioin.

II, W. V ami ('. apiinir- l.i lak.' plaiv ln-lwivn .\I'' ii"' and XI'' I.','", say XT' s'", nml llio risf lioili

Ml .s|iriii;rs mill iii'iips IVimii 7 in 7.', IVrt

(Siuiii'il) .INO miiWddli, Ma.sikk It.X.,

( Titlr t'nmptitt'f).

.Ali\lll£,M rv. :t'/ ./u'v, I still.
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