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The prcscnt vol~~me-the sixteenth-of the Acco~int  o f  the Operalions nf the Grent Ti.igonometricnl Survey of India,  
is devoted to thc Indian Tidal Observations, and has been written and arranged b 4' MI.. .John Eccles, M.A. 

Thr  ol)~crvatious, n it11 wl~icll t l~ i s  volume dcals, were taken during the  pcriod from 1873 to  1892 : the  printing and 
prcparation of thc voltunc l~avc been protracted over a longer time thau mas auticipated, owiug to the stock of type at  the  
Survey Oflice in Dehra Ddn bcing w r y  l im~ted. 

Tidal Observations mere originally commenced in India with a vicm to  investigating the secular changes, which were 
believed to  be occurring, morc particularly on the coast of Kithikmkr, in the relative level of land aud sea. About thc  

samc timc as thc question of these secular changes mas raised in India, a committee of the British Association for tllts 
Advancclncnt of Scicncc-presided over by Sir \Villiam Tl~omson-initiated a system of tidal investigations, which it n-as 

anticipated mollld sccure scientific results of t l ~ c  highcst value. Colonel J. T. Walker, R.E., F.R.S., recommended to  the 
Government of India, that the committee's system should hc followed, pointing out that, if this were done, the re salt^ 
mould not only serve thc purposc for ml~icll they werc origit~ally contemplated, but mould materially contribute tonartls 
t11c attainment of a bettcr Iil~o\vlcdge of the laws of tidcs, which it was expccted ~vould Icad to an  evaluatioll of the mas\ 
O F  thc moon, to information regarding thc rigidity of the earth, t o  an approximation of thc depth of the  sea from the 
oljserved ~clocit ics of tidc-wavcs, to  thc retardation of thc  earth's rotation due to  tidal friction, and to  various practical 
benefits accruing to navigation from accurate prcdictious of the height of the tide a t  any given time, and the pub l i ca t io~~  
oE Tidc Tablcs. 

Thc officer selcctetl by Coloncl Walltcr to talie charge oE thc Indian Tidal Operations mas Lieutenant A. W. Bairtl, 
R.N., (now Coloncl A. W. Raird, C.S.I., R.E., F.R.S.). L i c ~ ~ t e n a n t  Raird was depntcd t o  Europe to  study the practical 
dctails of the mcthod oE tidal registration and of the l~armonic analysis of o l~servat io~~s .  O n  his returu to India in 1877 
IIC opcnctl thc first tidal observatories and trained the original staff oE observers and computers. H e  remained in  charge of 
thr  111tlia11 Tidal morlc until 1886, when hc was appointed 3Iastrr of IIer Majestr's Mint at  Calcutta. The methotls of 
observation and computation introduced by Lieutenant Baird havr: becn continued without modification to the  present day. 

Colonrl Bairrl'q sllrrcssor was Coloncl John IIill, RE. ,  ~ v l ~ o  hcld ehargc of thc Indian Tidal Operations from 1886 
to  thr  tlntr of 111s r c t ~ r r ~ u r n t  from the servicc of Government iu 1895. 

On t11r.c~ occasions, namely in 1881, 1882 and 1888 during t l ~ c  absence of Colonels Baird and Hill, the control of 
t l ~ c  Tidal ~vork dcvolved on Colonel Alalcolm W. Rogers, R.E., aftcrnards Assistant Snrveyor General at Cnlcntta. 

Prom 1873 to 1885 Mr. T. TI. Rendell was the Tidal Assistant for the inspectior1 of observatories. I Ie  was suc- 
ceetlrd in 1885 by Mr. G .  P. Bclcham, mlio retained this post until his retirement in 1900. 
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Since this volume was written in  1892. new tidal observatories have been opened. moatly at the advicc of ProEea- 
sor G . H . Darwin. P.R.S. Ol~servations takcn at  Intliau observatories, s ~ ~ b s e q l ~ e l ~ t  to  the year 1892. will be recorded 
in a future volume of this series . I n  the follo\ving table is given a complete list of all Iudian tidal observatories with the  
periods of observatiou . 

ILEMARKS 

Tlie year 1884-85 
has been excluded . 

Nnmber of 
Yearn of 

Observations 

3 
2 

20 
5 
7 

19 
1 
1 
1 
2 
2 
1 

. . .  
5 

22 
12 
5 
5 
6 
6 
5 
5 
6 
6 
6. 
4 
6 

lo] 15 
5 
5 
6 
4 
5.  
5 

10 
5 
5 
) 

5 'I 
20 
6 
6 
5 

20 

OF 

observations 

Still working 
Do . 
Do . 
1898 

Still working 
Do . 
1875 
18'76 
1875 
1894 

Still working 
1882 

Still working 
1894 

Still working 
Do . 
1889 
18x3 
1884 
1892 
1893 
1896 
1890 
1890 
1896 
1882 
1888 

1890 

Still working 
1891 
1885 
1886 
1885 
1886 

Still \\. orking 
1x91 
1x92 
1899 
1881 

18 88 

1886 
Still worlting 

1886 
1894 

Still working 

Date of 
~ ~ ~ ~ ~ n c e r n r n t  
of Observations 

1897 
1898 
1879 
1x93 
1892 
1881 
1 X74 
1874 
1874 
1893 
1898 
1881 
1.900 
1889 
1878 
1888 
1884 ' 

1878 
1878 
1886 
1888 
1891 
1884 
1884 
1890 
1878 
1881 

1880 
&.started 

1895 
1886 
1879 
1881 
1881 
1881 
188 1 
1886 
1887 
1895 
1880 

Re-atarled 
1884 

1880 
1880 

1880 
1880 
1880 

Site of Obeervntory 

... 1 . Suez ... ... 
2 . Perim ... . . .  . . .  
3 . Aden ... ... ... 
4 . Maskat . . .  ... ... 
5 . Bushire . . .  . . . . 
F . Kurrachee (Karachi) ... . 
7 . Hallsthal ... . . .  

Antomal.ic or 
personal 

Observations 

Automatic 
DO . 
DO . 
D o  . 
D€3 . 
L)o . 
Do . 

8 . NavLuBr ... ... ::: I I)o . 
. . .  9 . Oltlia l'oint ... 

10 . Porbandar ... . . .  . 
. ... 108 Porbandar ... . . .  

11 . Port Albert Victor (Kkthirradar) . . .  
1 I A  . Yort Albert Victor (KQthin-adar) ... 

. ... 12 Bhkvnagar ... . 

1 .D o. 
Personal 

Automatic 
Pcrsorial 

Automatic 
DO . 

13 . Bombay (Apollo Bandar) DO . 
14 . Bombay (Prince's Dock) : : : I  
15 . hformugio (Goa) ... . 

. ...  16 KBrivir . . .  . . 
17 . Beypore ... ... . 
18 . Cochin ... ... . . 
19 . Tuticorin . . .  ... ... 
20 . Minicoy . . .  ... . 

. ... 21 Galle ... 
22 . Colombo ... ... . 
23 . Trincornalee . . .  . .  
24 . 1'Amb;ln Pass . . .  . 
25 . Negapatam ... . . .  

26 . Madras ... ... ... 

. 27 . Cocanada . . .  ... ... 
28 . Vimb. w z  1 )%tam ... ... 
29 . False l'oi~rt . . .  . . .  

30 . Dtrl~lat (Sar~gor Island) . . .  
31 . I ) i an io~~d  I I a r b o ~ ~ r  ... ... 

' 32 . Kitldcrl~orc ... . . .  
33 . Ch~ttagong ... ... 
34. . Aliyal) . .  . . .  . . .  
35 . Diamond lvlnnd . . .  . . .  

36 . Elephant Point ... ... 
37 . Rangoon ... ... ... 

. ... ... ... 38 Anil~crst 
3 . Monlniciu . . ... ... 
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Thirty-five tides ere evaluated in this volume, vie :- 

8 Semi-diurnal Lunar Tides, 

6 Diurnal Lunar Tides, 
3 Long-Pcriod Lunar Tides, 
3 Semi-diurnal Solar Tides, 

2 Diurnal Solar Tides, 

2 Long-Period Solar Tides, 

6 Compouud Tides, 
7 Over-Tides. 

I n  addition, an endeavour has recently been made by Mr. Eccles, on a method devised by Professor Darwin, to 
evaluatc the Latitude-variation Tidc and the 19-yearly Nodal Tide at  Bombay. Mr. EcclesJ results have been sent to 
Profareor Darwin for his opinion. 

From the commcncemcnt of the tidal operations i t  was arranged by Colonel Walker and Lieutenant Baird, that 
earl1 observatory sl~ould be l'urnislled wit,ll a completc equipmcnt of meteorological instruments, and daily records of 
tcmperaturc, prc.usnre and wind llnvc bccn takcn at  evely station. These records are available for future investigation, but 
no cffcctive use llns hithcrto I ~ c u  made of them. Some attempts have been made in India to  trace a connection between 
errors oE tidal prcrliction aud thc cRects of wind and pressure, but so far without success. Great difficulties beset these 
it~rcstigntious : irrcgr~lar tides falsifying predictions, may be producedon a coast by the occurrence in mid-ocean of storms, 
whieli nre too distant to nffcct the barometer or anemometer of the tidal statiou; or the effects of storms may be trans- 
mitted throngll thc air and tllc water a t  widely different velocities, and may thus be recorded on the tidal and meteorolo- 
gical instrurneuts at  widcly tlitTcriug times. 

The several tidal stations on the  coast of India have been connected with each other by trans-continentd lines 
of rpirit-levelling, cxccnted with the utmost precision, the details and results of which will be embodied in a subsequent 
vo l l~~ue  oE this scrirs. As, however, i t  has been found necessary, for the aid of engineering projects, to  reduce the levels in 
every pnri of Intlia to ouc common datum, the closing errors of the lines of spirit-levelling have been dispersed, and thc 
corrrctcd valucs of the lcrrls have I~cen pnblisl~cd in pa~nphlets. Thc dispcrsion of errors, which has hitherto been carried 
not. must be rcgardetl as prclin1iu:iry only, and the method of adjustment, which is to  be tinally adopted, cannot yet be 
tleridcd. I u  the prelin~insry dispe~.sion tllc determinations of mcau sca-level a t  Indian tidal stations have been assumed to 
11c el.rorless : the closit~p errors, that appear at the ends of l i~ies of levels, carried from tidal station to tidal station, have 
been osnrr,nrd to be clue to thc spirit-levelling opcmtions o~lly,  and the values of the heights of iltermcdiate stations 
hnve been corrected areortlir~gly. The possible fallibility of these assumptions is rccoguised. Each succeeding year's tidal 
observations give additional da t a ;  ncw and more correct values of mcall sea-level, than those which have been ndopted, 
arc nnn~lolly being tlctloeed. As, nioreovcr, the scvrl.al lines of levels cross and recross each othcr, now forming a network, 
the metl~od of dispersing enell closillg crror, as i t  appears, over its own immediate line, can only be regarded as a tempo- 
rary cxpedicut, and t l ~ c  svstern oE successivc distributions must at  some future date be replaced by a simultaueous 
rcdr~ctiou : the probability of crror in the determinations of mean sea-level will then have to be considered. 

Thc height of the tidal station at  False Point, ns derived from the direct determination of mean sea-level in the 
Bny of Bellgal, wacr 1.72 Cert lntrer than the valuc given I)y a line of spirit-lcvellin.g, 2 2 3  miles long, which had emanated 
frnm the meau scn-level at  Karncl~i,-the mean sea-level in t l ~ c  Bay oC Bcngal being thus apparently 1.72 feet higher 
than that at  Karachi. On tllc line oE levels, 1065 milrs in Iengtl~,  which counrcts Bomhay with Viragapatam, a closiug 
error of 1.363 Feet nppcnrcd, the direct determination of menu sea-level at  Vixagapatam being higher than the valnc 
derived hy levelling from Bombay. 

This ro l l~me ha, hcen written to gire, firstly, an account of the titlal ol~scrvations that have been taken, secondly, 
an explanation of thc metl~ods O F  coniputatiot~, and thirdly, an abstrnrt of thc rcsulb, t,hat have been obtained. Thr 
letter-prras contains the tlrcorv of titlcs, 3s exl11)1111iletI I)y Profr~sor  Darwin, and no original investigations have hecn 
attemptccl. Thr  co-tidal rhart attacl~rcl to this voll~mr was prcparerl hy Coloncl J .  Hill, K.E., from whom also Mr. Ecclcs 
has rcffirecl valnahlr nssistanee. Chapters I and 11 contain historical sketcl~cs, and werc compiled hy Mr. E c ~ . ~ ( ~ J  
frnm thc Ellcyrlopw(lia Britannica and From thc rrcorda of the Govcrnment of India. Chapters 111 to V are hasetl on 
the Manual of Tidal Observations, written I)! Major A. W. Baird, R.E., in 1886. Chaptcr I11 is dcvoted to a descriptiol1 
of thc tidal inr tn~mcnts  and of a tidsl ol)servatorp; in Chaptcr I V  are explained thc principles, that govern the sclcctiol1 
of a aite for a tidal  tati ion, the methods of erecting and adjusting tlic instruments, and thc duties of thc observer and 
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inspecting officer; in Chapter V i t  is explained how the tidal diagrams are prepared. Chapters VI and VII  arc dcvoted 
to the harmonic analysis of tides, and have been compiled by Mr. Eccles from Professor Darwin's Report8 to thc 
British Association for thc Advancement of Science. Chapter V I I I  deals with tidal prediction, and has heen compiled 
from the writings of Mr. E. Roberts, F.R.A.S., under whose directions thc tidc tables for the Indian ports from 
1880 to the present date have been produced : Part  I of this chapter has becn derived from an article by Mr. Roberts, 
which appeared in the 'Engineer' oE December 19th, 1879, and Part  I1 was written by Mr. Roberts at  Mr. Ecclea' request 
for this volume. 

I n  conclusion I must acknowlcdge, on behalf of many successive officers of the Survey of India Department, our 
great indebtedness to Professor George Howard Darwin, M.A., L.L.D., F.R.S., F.R.A.S., Plumian Professor of Astronomy 
and Experimental Philosophy, Cambridge, for the valuable assistance which we have uniformly received from him (luring 
the progress of the tidal operations in India, and for the many benefits which we have derived from his published 
writings on tides. Without the cordial co-operation and sympathy of this eminent mathematician the success, that has 
attended the Indian Tidal work, could not have been achieved. 

Dchra Din, February, 1901. 

S. G. CURRARD, MAJOB, R.E., 

Superintendent Trigonomelrical Suroyr. 
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C H A P T E R  I .  

INTRODUCTORY. 

B+f Historical Sketch. 

The ordinary phenomena of the rise and fall of the waters of the sea approximately twicc a day, 
of the dependence of the times of high watcr on the passages of the moon and sun across the meridian, 
and of the heights of the tide on the relative position of the sun and moon with regard to the earth, 
are familiar to most people at the present day. I t  is, however, only of comparatively late years in the 
world's history that anything definite has been known of the true cause of the various changes in the 
sea-level, and it is only quite recently that systematic observations have been made on them. The ancients 
seem to have known very little about the tides, probably from their voyages having been made for the 
most part in the Mediterranean Sea where there is no sensible tide except at the ends of deep bays. Homer 
is supposed to have referred to them in the 12th bookof the Odyssey where he speaks of Charybclis rising 
and retiring thrice a day, and Herodotus and Diodoius Siculus speak of the tides in the Red Sea. The 
first person who appears to have had an idea as to their cause was Pytheas, a navigal,or of J!Iarseille, who 
lived about 330 B. C. and made some voyages in the northern seas of Europe. I t  is stated of him, by 
Plutarch, that he ascribed the phenomena of the tides to the moon. The Greeks can have been little 
acquainted with the tides, for i t  is recorded that the army of Alexander the Great was startled on first 
seeing them near tlie Ycrsian Gulf. Besides, Aristotle in all his works only speaks of tlie tides three 
times ; he mentions the great tides in the north of Europe, and states that the tides were ascribed by 
some (probably Pytheas) to the moon and that the tide in a great sea exceeds that in a small one. 
Among the Romans, as might be expected from the extent of their conquests, more frequent reference 
is made to the phenomena of the tides : Caesar mentions them in De Bello Gallico, Book iv, and Strabo, 
following in the wake of Posidonius who appears to have had a very clear idea of the subject, divides 
the phenomena into daily, monthly, and annual. He  observes that the sea rises as the moon approaches 
the meridian whether above or below the horizon and falls again as she rises or falls, that the tides 
increasc at new and full moon, and are greatest at  the summer solstice. Pliny explains the phenomena 
at some length, and ascribes tliem to the sun and moon dragging the waters dong with them. Seneca 
and Macrobius also spcak of the tides, and describe their motions with some degree of acculmacp. 

The next one wllo did anything more than merely collect the opinions of his predecessors was 
Kepler. I n  accounting for the tides he seems to have been aware of the principle of gravitation, but 
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not of the law. H e  says that all bodies attract each other, and that the waters of the ocean would all 
go to the moon were they not retained by the attraction of the earth. H e  then proceeds to explain that 
their elevation under the moon and on tlie opposite side is owing to the earth being less attracted by the 
moon than the nearer waters, but more t l ~ a n  the waters which are more remote. Galileo objected to this 
theory and expressed regret that so acute a man as Kepler should have produced a theory which appeared 
to him to reintroduce the occult quslities of the  ancient philosophers. 

Such is a brief stntement of what had been done prior to 1687 when Newton laid the foundation 
of all that has siuce been added to the theory of the tides by bringing his grand generalization of uni- 
versal gravitation to bear on the subject. I n  the 19th corollary of the 66th proposition of Book i of the 
P~.i)lcipia, he introduces the conception of a canal circling the earth, and considers the influence of a 
satellite on the waters of the canal. It is, however, i n  Book iii, propositions 26 and 27, that he first deter- 
mines the tidal force due to the sun and moon which are supposed to move in  the equator, while the sea 
is supposed to cover the whole earth and to assume a t  each instant a figure of equilibrium. Consider- 
ing only the action of the sun, he assumes this figure to be an ellipsoid of revolution with its major- 
axis directed towards tlie sun. The action of the moon produces a similar ellipsoid but of greater ellip- 
ticity, and the superposition of these two ellipsoids gives the principal variations of tide. This hypothesis, 
however, gave results discordant from the actual state of the tides, and in 1738 the Academy of Sciences 
of Paris offered as a subject for a prize, the theory of the tides. The authors of four essays received 
prizes ; viz., Daniel Bernoulli, Euler, Maclaurin and Cavdleri. Bernoulli's essay contained an extended 
development of the conception of the two ellipsoids, and under the name of the equilibrium theory 
is commonly associated with his name. The theory of the tidal movements of an ocean was therefore, 
as Laplace remarks, almost untouched when in 2774 he first undertook the subject. I n  the Xkcanique 
Ckleste Ilc gives an investigation of the tides of an  ocean covering the whole earth, but the theory although 
very comprehensive is far from representing the actual state of the case. Observation shows, in fact, that 
the irregular distribution of land and water and the variable depth of the ocean produce an  irregularity 
in the oscillations of the sea of such complexity, that a rigorous solution of the problem is altogether 
beyond the power of analysis. Laplace, however, rested his discussion of tidal observation on the principle 
that-The stale of oscillation of a system of bodies in zohich the primitive conditions of moven&ent have 
disappenred through friction is coperwdic with the forces acting on the system. Hence if the sea is 
solicited by a periodic force, expressed as a coefficient multiplied by the cosine of an angle which increases 
proportionately with the time, there results a partial tide, also expressed by the cosine of an angle which 
increases a t  the same rate ; but the phase of the angle and the coeficient of the cosine in the expres- 
sion for the height may be very different from those occurring in the corresponding term of the equili- 
brium theory. The coefficients and the constants or epochs of the angles in the expressions for the 
tide are only derivable from observation. The action of the sun and moon is expressible in a converging 
series of similar cosines ; whence arise tlie same number of partial tides, and these by the principle of super- 
position may be added together to give the total tide a t  any port. I n  order to unite the several constants 
of the partial tides, Laplace considers each tide as being produced by a fictitious satellite moving uni- 
formly on the equator. air  William Thomson and others have followed Laplace in this, but the 
method which is now adopted is due to Professor G. H. Darwin. The dxerence of treatment is in 
reality only a matter of phraseology, and tlie proper motion of each one of Laplace's astres Jictifs is at  
oncc derivable from the argument, or angle under the sign of cosine, which Darwin associates with the 
partial tides. 

Subscqucntly to Laplace the most important workers in the field were Sir John Lubbock (senior), 
T l ~ c ~ e l l ,  Airy and G .  H. Darwin. Thc work of Lubbock and Whewell is chiefly remarkable for the 
coordination and analysis of enormous masses of data at  various ports, and the construction of trust- 
worthy tide-tables and co-tidal maps. Airy contributed an important review of the whole tidal theorg. 
Hc also studied profoundly the theory of waves in canals, and explained the effects of frictional 
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resistances on the progress of tidal and other waves. Darwin's principal contribution to the theory of the 
tides is contained in a Report to the British Association of a Committee for the Harmonic Analysis of 
Tidal Observations in 1883. I n  this paper he cuts himself free from the trammels of the aetree Jict*, 
and exhibits each partial tide as depending directly on some periodic term in the development of the 
tide-generating potential of the moon and sun. H e  further applies the analytical metliod of harmonic 
analysis to the evaluation of the various coustants, and reduces the expression for the height of the tide 
to a form adapted for arithmetical calculation. 

One of the earliest sets of tidal observations was that taken a t  Brest between 1800 and 1806, 
followed, at the request of Laplace, by another set extending five years longer. It  was with the results 
of these that Laplace compared his theory. About the year 1830 the construction of a self-registering 
tide-gauge gave a great impulse to tidal observations: continuous records of the tidal heights a t  nu- 
merous ports all over the globe were obtained, and tide-tables and co-tidal charts constructed. 

The earliest observations taken in India appear to be those executed by James Kyd at the Kid- 
derpore dock on the Hooghly between the years 1806 and 1827, and continued two more years on Saugor 
Island, the results being published in a series of diagrams. The next appear to be those of Colonel 
DeHavilland a t  Madras in 1821, but after the publication by Dr. Whewell of some suggestions in the 
Journal of the Asiatic Society of Bengal in 1833, where he expressed a hope that tidal observations 
would be made extensively in India, some observations mere made a t  various places on tlie coast. More 
numerous, however, were the observations made by the Survey, Irrigation and Marine Departments in 
connection with their various works where a properly determined datum on which to found heights is 
essential. As a general rule they were personal observations, taken with a pole, sometimes only of high 
and low water, and at others of the heights of the tide a t  intervals of a quarter of an hour to an 
hour, but seldom extcnding for more than a month. The first time tliat a self-registering tide-gauge 
was uscd in India mas in 1855 when, in connection with the triangulation, Lieutenant J. F. Tennant, R.E., 
of the Great Trigonometrical Survey, took observations at Kurrachee by means of a small instrument in- 
dicating variations of level to the one-hnndreth part of a foot. At Kurracliee, personal observations were 
begun by Mr. W. Parkes, N.I.c.E., in 1857 and mere continued by Mr. Price, M.I.c.E., Superintendent 
of thc Kurrachce Harbour works, with very few interruptions till 1868, when a small self-registering 
iustrument was erected by which the tidal curves mere drawn graphically on a scale one-twelfth of the 
natural size : this continued working till December 1880. Mr. Parlces constructed tide-tables for Kurra- 
chee from these observations; and also for Bombay from personal observations taken there. I n  1871 
Major B. R. Branfill of the Great Trigonometrical Survey, employed a self-registering tide-gauge a t  
Tuticorin in connection with his triangulation: the observations extended from 12tl1 May 1871 to 
24th June 1872, and were reduced by the method of harmonic analysis. A small self-registering tide- 
gauge mas set up at Adcn in 1876, but the observations were not vcry carefully taken and wcre not 
very valuable. Besidcs these, tlie Marine and Irrigation Departincnts used self-registering tide-gauges 
at various places on the Hoogllly in connection with their respcctive works of sounding and canal- 
making. 
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ESTABLISHMENT OF TIDAL OPERATIONS I N  INDIA. 

Observations in the Gulf of Cutch. 

The events which led to  tlle establisllment of tide-gauges in the Gulf of Cutch are briefly as 
follows :-On the 18th Ailgust 186G, an  article appeared in the Bombay Salzwday Review in which two 
distinct questions were discussed :-1~12~ tlle encroachments of land on sea, or sea on land, as evider~ced 
efipecinllp by the Gnlf of Cnmbay and the coast of KBthiawBr ; and 2ndly the alternate rising and sinking 
of land as evidenced by the Ran of Cutch. 

T l ~ e  attention of the Government of Bombay mas drawn to this article and the matter was referred 
to T. Oldham, Esq., Superintendent of tlie Geological Survey of India, for his opinion. The main points 
of his reply were embodied in  a Government resolution as follows :-"With regard to tlle Gulf of 
" Cambny, the Government will be glad to adopt the suggestions of the Bombay Geograpl~ical Society and 
"have the survey of the coast made, and the soundings taken in such detail as the Society may approve. 
"But  as to the more interesting question presented with tlie Ran of Cutch, i t  does not appear to the 
" Go\-ernor-in-Council that watchir~g tlic line of coast now or learning its past history will give the 
"requisite information as to the raising or depression of the land * * * Tlie mean level of the sea, 
"in  the scientific acceptation of that phrase, is the only reliable datum to which observations for changes 
"of land level sl~ould be referred * * * There should tl~erefo~.e be a course of accurate tidal observa- 
" tions takcn tl~rough two lunations a t  a point on the sout l~ coast of KAtl1i6mAr, and also a t  a point as far 
"into the Ran as possible, to which the tide has free access. These sl~ould be referred to bench-marks 
" made in permanent masonry pillars close to high-water mark, and tliese marks should be connected to the 
" nearest principal stations of the Great Trigonometrical Survey by c:ireful levelling * * * Captain C. T. 
"Haig, R.E., should be asked whether observations for mean-sea level have been taken in  this neighbour- 
"hood sufficient for the above objects and, if not, what expense mould be incurred to make them 
"and whether he would be good enough to undertake tbe duty." I n  regard to this resolution and 
with reference to the scientific acceptation of the term ' mean-sca level ' Lieut.-Colonel J. T. Walker, R.E., 

Superintendent of tbe Great Trigonometrical Survey, remarks:-"At the present time the scientific 
"acceptation of that phrase is two-fold : i t  may imply either the mean of all the high and low waters, 
"or the mean of all the heights recorded for as long a period as possible, a t  short and equal intervals. 
"The first is tbc old acceptation of tbe term mean-sea level and i t  was the custom for many years to 
"restrict tidal observations to the times of lligli and lorn water. But strictly spealting the mean of all 
"the heights at indefinitely small intervals is the true mean-sea level, and this is the datum to which tho 
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"recent Ordnance Survey Levels of England, Scotland and Wales have been referred, though the 
cc preceding levels of Ireland were referred to the mean of high and low water. The two data occasionally 

differ very materially ; for instance, the mean-sea level s t  Liverpool wllicli has been adopted from all  
"the lleigl~ts as the datum of the Ordr~a~lce Survey levels is 4.39 incl~es below the mean of high and low 
"water * * * while a t  Cardigan and Dundee the differences were found to exceed 6 inches." 

Colonel Walker ahd Captain Haig agreed tliat "The tidal observations must be carried over a 
 much longer period than two lunations to give results of su5cient accuracy to serve the purpowq of 
"measuring the cl~anges of level that may take place in a period of ten years "-the period whicl~, it, Ivae 
contt.mplat,rd by Mr. Oldharn, sl~ould elapse before undertaking a second set of observations. They also 
agreed that it would be necessary to c o n n ~ ~ c t  the tidal stations with t l ~ e  bench-marks by spirit-levrllirlg, 
as the variatiol~s of height mere known to be small, viz.,  not more t l ~ a n  a foot or two in a cent~lry. 
Colonel Walker also considered tllat the tidal observations should be taken with a self-registering tide- 
gauge capable of registering very small variations. These ideas were approved of, and as t l~ere  were no 
gauges of sufficient accuracy in India, suitable ones were ordered from Adie of London, wl~icll in due time 
arrived. I n  t l ~ e  meantime correspondence in regard to tlie details nras carried on, and in 1870 Lieutenant 
H. Trotter, R.E., was ordrred to rntcr on the preliminary investigations of testing tfhe gauges by setting 
them up a t  Bombay and generally putting the instrurr~ents in adjustment for use in the next season : it 
was not, however, until 1872 that tlie operations really commenced. 

On 27th November 1872, Lieutenant A. W. Baird, R.E., who had been placed in charge of the Tidal 
and Levelling Operat,ions in the Bombay Presidency, was ordered to proceed on a reconnaissance of the 
Gulf of Cutch for the selection of sites for the tidal obserrations, one being required as far into the 
Ran as possil)le, to \rll~icl~ the tide llas free access, another near Bet Island and a third as nearly as possible 
equidistant from the others. The stations were all to be, if possible, on tlie south side of tlie Gulf, hut 
if not, the north side was to he examined; failing to find any of these sites, tlie south coast of K,ithiA\\.kr 
was to be examined. 

The stations selectcd were :-Hansthal, about sixteen miles from Jodiya a t  the head of tlie Gulf, 
with seventy-two fret of water within one-hundred feet of the shore a t  low water : NavknLr, on the Cutch 
Coast about ten miles from Mundra, with nineteen feet of water at  low tide : Olrha Point, opposite the  
Island of Bet, with twenty-threc feet of water a t  low tide : so that wit11 the exception of Nav,in,ir on 
the Cutch Coast, the actual positions of thc selected sites alrnost coincided with those required. 'l'he 
instruments were set up on land close to higll-water mark, the floats working in cylindtlrs connected with 
deep wator by means of pipes. The observations were cornmrncc~d a t  Okha on 27th December 1873, a t  
Hansthal on 13th February 1874, and a t  NavAnbr on 28th April 1874, and were continued till May 1875 
when the observatories were dismautled. 

I n  connection with tlie observations Captain Baird rcmarks :-" The party may be fairly congra- 
"tulated on the general success of the project in I~aving secured a t  O k l ~ a  and IIansthal Tidal 

Stations complete sets of tidal combined n-itli rncteorological obsrrvntions which will compare favour- 
"ably with nlliat has been done both in England. and in America, and in  having so far succeeded 
" a t  Naviinhr Tidal Station tliat t l ~ c  observations t :~krn will be sufficient to evalnat,e, by differentiating 
" with both Okha and Hanstl~al ~vl~icl l  mere norlting simul~aneously, the principal data required. The 
"levelling operations combined wit11 the tidal ol)srrvations complete tlle work necessary for one part  of 
" the project and fix the level of about thirty miles of the Ran of Cutcli for thc season 1874-75, and a 
"repetition of the work some twenty years hence will effectually settle the question of secular depression 
"in this peculiar region." The cause of t,hc discontinnity in  tlie observations a t  NavAnhr mas the silting 
up of tlie forcshore to such an extent in t \ \  o montl~s tliat a place, where there was tn7enty feet of water a t  
low tide in April, was high and dry in July a t  low-tides, and some twenty-five or thirty feet inshore from 
low-water mark. 
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The reductions of these observations were for the most part done in  England by Captain Baird 
and Mr. E. Roberts of the Nautical Almanac Ofice, who had made tho whole of the tidal reductions for 
the British Associat,ion. When the work was completed Captain Baird returned to India stopping at 
Aden, under instructions from the India Office, to examine and set to rights a small self-registering 
title-gauge which mas worlcing there. H e  found the previous records useless and advised that the instru- 
ment itself should be discarded and a new set of instruments substituted. , 

Systematic Observations. 

I n  n resolution of the Government of India, dated 4th July 1877, the  Governor General-in. 
Council observes :-"Tliat tlie great scieutific advantages of a systematic record of tidal observations on 

Indian coasts hnre frequently been urged upon and admitted by the Government of India. Hitherto 
" tlie efforts in tho direction of such a record have been desultory and, in many cases, wanting in in- 
" telligent guidance and careful selection of the points where the observations should be recorded. 
uAdditioual importance has recently been given to the subject by the inst,itution of a Marine Survey 
"Department, for whose operations accurate tidal observations are a necessity without which no per. 
ccmanent record of tlie changes of ground in the different harbours of the coast can be kept up. The 
"adrantages to be expected from well considered and carefully conducted observations of tlie tides are 

mainly the following :-I. They enable standards to be fixed for the purposes of survey; 2. Tliey 
" afford data for the calculation of the rise and fall of the tides and thus subserve the purposes of navi- 
a gation; 3. They are of scientific interest apart from their practical usefulness as stated above. 

"The first two of tliese are of strictly local bearing : an  accurate survey of a port is essential to 
" the safety of tlie shipping frequenting it, and correct tide-tables are necessary for the convenience of 
"navigators and for engineering purposes within tlie port itself. 

"The Governor General-in-Council is of opinion that, in  view of these considerations, every port 
"where a tide-gauge is set up should pay for its establishment and maintenance from port funds. The 
"third object, the scientific results to be expected from the record, will be sufficiently provided for by 

the appointment by the Government of India of one of its own officers to supervise and control tho 
"local observations arid to arrange for their utilization to the utmost possible extent * * * His 
" Ercel1enc~-in-Council accordingly resolves to intrust the general superintendence and control of tidal 
6'observatious upon Indian Coasts to Captain Baird, R.E., Deputy Superintendent in the Great Trigo- 
lrnometricnl Surrey Department, who mill be guided in his operations by the orders and advice of the 

head of tliat department." 

I t  was thus decidccl that the ports were to pay for tlie instruments and also for tlle cost of con- 
ducting tbe operations; hut in the case of ports too poor to pay for t l ~ e  instruments, the use of those 
belollninz to the Surrey Department was granted on loan. Tlic places a t  which gauges should be set up 
WCTP settled 1)y Captain Baird, in consultation witli the Surveyor General, Coloncl Walker, R.E., and 
Captain Taylor, Supcri~~tcudent of Marine Survey. I t  mas furt1ic.r decidcd that somc of the ports should 
he permanent stations, that is, that tlie registration sl~ould be carried on contir~uously for a t  least nineteen 
years, while four or five years' observations would be sufficient a t  minor stations for all practical purposes. 
Tile arrangements for procuring and setting up the instruments were made by Captain Baird, with tlle 
various local Governments, and 11y 0ctol)er 1878 gauges were set u p  a t  Bombay, KhrwSr, Vizaga- 
patam, PAmban near Cape Cornorin, ant1 Beypore near Calicut ; the establishment of a gauge a t  Hadrm 
was kept back by delay on the part of the port authorities tliere. 
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DESCRIPTION OF THE INSTRUMENTS AND THE OBSERVATORY. 

Sew- Registering Tide- Gutcge. 

The object aimed a t  in any complete system of tidal observations, is to obtain the height of the 
tide, above some fixcd mark or datum, for every instant of time during a more or less extended period 
which has been fixed as far as regards Indian observations a t  not less tlian five years. This object is 
attained graphically by causing the rise and fall of the water to communicate its motion, by mechanical 
means, to a pencil which traces a line on paper mound round a drum turned by clock-work once in  twenty- 
four hours. The height of tlie fixed mark or datum being indicated by a line on the paper, the  distance of 
the pencil from the line, reduced to the proper scale, will be the height of the water above the  datum a t  
the time indicated by the position of the pencil. 

An instrument such as above briefly described is called a Self-registering Tide-gauge, and of these, 
various forms have from time to time been constructed : the best form is, according to the opinion of 
Sir William Tliomson, one in which the drum is inclined to the vertical, as this enables the friction 
between the pencil and the paper to be nicely regulated. The pattern almost exclusively used in  India 
is that ltnown as Newman's pattern in which the drum is horizontal, the only exception being a small 
gauge a t  Prince's Dock, Bombay, where the drum is vertical. 

The description of the gauge in  common use, or Newman's pattern, is given below, while that  of 
the Prince's Dock Gauge mill be found elsewhere in  the volume. 

The motion due to the rise and fall of the water is directly communicated to a float partially im- 
mersed in i t ;  and that the float may be freed as far as possible from wave-action, it is surrounded by a 
cylinder made of thin iron plate to which the admission of the water is so regulated, that there is no  
sensible retardation between its rise and fall in the cylinder and outside. 

The iron cylinder, A, (see Plate I )  is made in  lengths of from four to eight or even ten feet, with 
anglc iron flangcs a t  each end for bolting the lengths together: tlie bottom of tlie cylinder is generally 
closed with an iron plate, and the top reaches to the floor of the observatory, or sometimes one or two feet 
above it. Tlle diameter of the cylinder of the ordinary pattern in  use is twenty-four inches. 

If tho cylinder rests on the ground, the best inlet for the water is through holes, near the 
bottom of the cylinder, bclom the lowest level of spring-tides, but  a t  the same time well clear of the 
ground on wliich thc cylinder rests : if it does not rest on the ground, the bottom of the cylinder is the 
best place for the holes. 
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It sometimes happens that the cylinder cannot be fixed in deep water, and when this is the case a pipe 
oonnection between the sea and the cylinder is necessary. The piping used is ordinary gas-pipe in lengtlls 
of about fourteen to twenty-two fect mitli an internal diameter of two or three inches. The size of the pipe 
should be regulated by the double consideration that i t  must not be large enough to allow of irregular 
movements of the mater being t,ransmitted through it, nor small enough to cause any retardation of the 
rise and fall of the water in the cylinder ; as regards the latter condition, the following computation justifies 
the adoption of the diameter given above. 

Calculation to show the relative level of the wnter inside a cylinder of 24 inches diameter and that of the sea, the 
connection being mncle with a a-inch pipe 300 feet long which has two bends of go0 each. 

From Benrdmore's Manual of Hydrology, Table 8, 

26.69 
The discl~arge for a 2-inch pipe = 2 / r  cubic feet per minute, 

where I = the length of the pipe in  feet, 

h = the head of water in feet. 

Now, assuming the water i n  the sea to have risen I inch higher than in the cylinder, there is a head of I inch, and 

therefore, the discharge is 768 cubic inches per minute, supposing that there are no bends in  the pipe. 

22 Also the quantity of water required to raise the level of the cylinder I inch is l za  x - cubic inches nearly, that 
7 

is, about 453 cubic inches, so that a head of one inch would discharge the quantity required in less than # of a minute. 

But when there are bends in the pipe, the head required to overcome them varies with the angles of the bends and 
the velocity of the water tlwough the pipe. 

2 2 The area of the connecting pipe in section is equal to - square inches nearly, so that the length of pipe which 
7 

22 would contain a rolume of water sufficieut to raise the water in the cylinder I inch, is 453 - - inches or I 2 feet nearly ; and 
7 

i f  this amount is to be discharged into the cylinder in W of a minute, the velocity of the wntcr must be 20 feet per minute, 
or a little more at  the beginning and a t  a little less at the end to allow for the variation of the head. 

Now by Beardmore's Manual of Hydrology, Table 9, for a mean velocity of 20 feet pcr minute and two bends of 

go0 each, a head of .0048 x i inches or of an inch very nearly is required and even if a velocity of 25 feet per minute 
I 0 0  

is allowed for, the head is only '0075 x a inches or -f- of an inch nearly, so that the bends need hardly be taken into account. 
70 

Now suppose that there is an 18 feet rise and fall of the tide at  springs, i .e.,  a mean of about 3 feet an hour, then 
thc water will rise a36 of an inch in + of a minute. 

Comhining the above arguments, i t  follows that if the sea-levcl was an inch higher than the water in the cylinder, 
tbc latter would be raised to this height in + of a minute by which time the sea would he .36 of an inch higher. But the 
tide rising increases the head, and the water would tend on that account to flow quicker: also the sea-levcl mould only be 
raised I inch in 1 3  miuutcs so that the difference of level under the conditions specified may bc considered as inappreciable. 

The piping used a t  the stations in the Gulf of Cutch was arranged as follows :- 

The lengths of the piping were fitted with cast-iron flanges made to screw on each end so that the 
pipes were easily joined together and the connections made perfectly air-tight. The piping was connected 
with the cylinder, at about nine inches ahore thc hottom, by a small bend (see fig. 2) and was then brought 
up vertically outsido the cylinder to a height of one or two feet below the lowest high-water. At thin 



DESCRIPTION OF THE INSTRUMENTS AND THE OBSERVATORY. 

point there was another bend fitted wit11 a stop-cock, for tlre purpose explained a little further on, and 
from tliis bend the pipe was taken down along the slope of t l ~ e  shore to the low-water line, where lengths 
of flexible suction-pipe were joined on and taken out to deep mater. This piping was formed by covering 
s helix of copper wire two inches in diameter, with a coating of india-rubber and canvas and was made in 
lengths of fifty or sixty feet and fittcd witli screw couplings. A t  tlre end of the outer length, cglin- 

drical copper rose about fifteen incl~es in length and two inches in diameter mas screwed on : i t  had some 
one hundred and fifty lroles of three-tenths of an inch bored in it, and mas supported abovc the ground on 
a tripod fixed in decp mater. The object of the copper rose was to prevent the pipe from becoming 
accidentally choked by sea-meed. 

A T-sliaped connecting piece (see fig. 1) rras fitted to the end of t l ~ e  iron pipe and a length of the 
flexiblc piping could be fitted to either of its two outer extremities, the other being 
closed with a brass disc. When the flexible piping had to bc removed for clean- 
ing, the brass disc mas unscrewed and a lengtli of spare flexible piping with a rose 
attached, screwed on and taken out to deep water temporarily : the original pipe was 
then taken off and cleaned, the disc bcing screwed on for the time in  its place 

Flp. 1 

and, when the cleaning mas finished, the pipe and the disc mere replaced in their 
original position so that there is no interruption of the record. This contrivance 
has been found to be superfluous. dims 

LLJ 
I n  connections of this sort there is a decided tendency for air to collect in  $ 

the piping, causing a rctardntion of thc flow of mater in and out of tlie cylinder. 4' 
I t  mas to remedy this defect that thc stop-cock, alluded to above, was placed a t  the  upper bend of the 
iron pipe as in fig. 2. As the stop-cock was below high-water mark it 
is clear that when it was opened, a t  tlre time of any high mater, the air 
mas expelled and the levels of the water inside and outside the cylinder 
became identical. I t  was occasionally found necessary to keep the stop- 
cock open for four or five hours while thc water was above the cock. 
A water-tight box was made in lialves and fitted over and under the 
stop-coclc as in fig. 2, holes having been cut to admit the pipes and 
carefully cau1ked;up after the box had been fitted over the pipe. 

At  other stations a system similar to the above in all essentials, 
though differing in detail as for instancc placing the piping inside the 
cylinder instcad of outside, was employed. I t  is not meant to lap tllis 
method down as the best possible but only as an indication of wllat a 
pipe connection sl~ould be : the circumstances a t  each place will be the 
best guide to the system to be employed, but i t  must above all tliings 
bc borne in mind that a pipe connection is the last resort and that 
cvcry endeavour should be made to place the cylinder in deep mater. 

The float is a cylindrical copper vessel one foot in diameter and nine inches deep, and is of such a 
density that it will just sink if unsupported. The band, B, (see Plates I and 11) is a copper ribbon, 
a b u t  an i~ ich  wide, perforated witli holes, b, about two and a half inches apart. It is attached by 
rueans of tl~umb-screws and a plate to a pillar wliicli carries three small mllen so arranged that they 
bear on their upper surface a disc attached by three uprights to a plate soldered to tlie float. The pillar 
passes through the disc, its lower end being pivoted into the plate, so that the arrangement, as shown 
in fig, 1, Plate IV, forms a kind of snivel and prevcnts the band from being twisted. 

The band passes over a stud-n~l~eel, C, (see Plates I and 11) which is of brass about nine and a 
l ~ r l f  inches in diameter with a rim an  inch wide : it has studs, c, of the same diameter as the  holes, b,  
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in t l ~ e  band, placed in the rim a t  intervals of about two and a half inclies, SO that when the band is 
passed round the wheel, the studs exactly fit into the holes, thus ensuring the revolution of the wheel 
as the float rises and falls. The band is cut to such a lengtli that i t  passes over t l i ~  stud-wheel 
and about six feet beyond, when the float is in its lowest position in the cylinder. A weight is attached 
to the free end of the band as a counterpoise to the float, and from the bottom of this weight a copper 
chain is suspended which should be equal in weight,, length for length, to the copper band. The other 
end of tho chain is attached to an eyelct below the float so as to form with the band a sort of endless 
chain passing over tlie stud-wheel and reaching to the bottom of the  cylinder. Tliis contrivance is 
introduced in order that the pull on the float shall be constant, otlierwise a systematic error would be 
int rod~~ced between rising and lhlling water. The connterpoise wcigl~t sl~ould be sucli as to give 
a decided preponderance, of say tlirce or four pounds on the float side, and wllen once adjusted, it 
should not be altered without carefully noting the fact for future reference. When the wl~ole system 
of float, band and counterpoise weight is hanging in position, there is about four inches space 
between the float and the cylinder on the one side, and the counterpoise weight and the cylinder on 
the other. 

The bed-plate of the gauge, Q, (see Plates I ,  I1 and 111) is of cast-iron, about seven feet long, 
one foot broad nod thee-quarters of an  inch thick, the upper surface being carefully planed. Undcr- 
neath this plate and cast in t l ~ e  same piece with it, is a web, R, four inches deep, which extends to within 
an inch of the edge of the upper plate all round, and has diagonals or stiffeners. The web rests on a 
wooden trestle, S, the top of \vhicIi is five feet long, one foot broad and two inches thick, its legs being 
splayed and firmly braced. The trestle is placed longitudinally in the observatory, and touches the top 
of the float cylinder a t  one end. 

The axle, D, (sec Plates I and 11) of the stud-wheel is supported on two uprights, E, B', fixed to the 
bed-plate. It is about ciglit inches long, and carries a t  its other end a toothed wliecl, F, which is in 
gearing rrith another tootiied wlieel, 3''. The latter is fixed on an axle n~liicli is supported by two arms, 
f, (see Plate I )  fastened to, 0', (see Plates I and 11) one of the uprights which support the drum. Tllese 
tootlled wheels, F ,  F', are constructed in couples so as to enable tlie working scale of the tidal diagrams 
to bc varied a t  pleasure from the natural or full scale to that of i t h  according to the range of the tide. 
Sis  couples are supplied rrith each gauge, giving scales o f t ,  9, 5, +, $ and +, and as the drum is five feet 
long, any tide of wl~icll the range does not escced thirty feet can be safclp registered. At  Bhiivnagar 
where the range is over thirty-six fwt, a ,+ scale is employed. I n  practice that couple is selected which 
enables the tidal curvcs to be exhibited on the largest scale possible. 

The asle wliich carries the toothed wheel, F', also carries the chain-wheel, G,  (see Plates I and 11) 
round which tlie chain, g, (sce Plates I, I1 and IV) regulating the motion of the pencil-holder, H, 
wiuds, so that tlie motion of t l ~ e  water is communicated to the pencil. The chain-wheel, G ,  is about five 
iuchcs in  diameter, and its rim is grooved so that the chain minds round i t  without over-lapping. 

At about tell inclies from each end of tlie bed-plate there are brass uprights, 0, 0', (scc Plates I, 
I1 and 111) fixrtl each carrying a pair of friction rollers, o, the pins on which the rollers turn being 
screwed into tlre upriglits some five inches above the bed-plate. 

Thc drum, L, (see Plates I ,  I1 and 111) is composed of sheet-brass and made as ncarly as possible 
into a true circular cylinder, fivc feet three incl~es in length and exactly tn-enty-four inches in circum- 
ference, and axles, 31, (see Plntcs I and 111) project from each end and rest on tlic friction rollrrs. Onc 
asle 1)eing elongated, passes through an oblong slot in the upright, 0, and carries a toothcd wheel, N, 
to  gear with the driving clock, P, (sce Plntcs I, I1 and 111). The position of the drum is horizontal, and 
the paper on rrhicli thc tidal clirre is registered, is wrapped round it, being held in position by the clips, 
fa, (see Plates I1 and 111) and the edges pasted togcther along the length of the drum. Two grooves, v, 
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(see Plates I and 111) about one-sixteenth of an inch decp and exactly fire L e t  apart are cut round the 
drum, one near each end, and a third is cut midway betwcen them. The groovc a t  the clock end is gene- 
rally adopted as the zero-line of tbe gauge, and when the paper is fixed on the drum, the zero, middle and 
end lines are indicated on i t  by rubbing over the grooves with a hard pencil. The paper is nearly five 

feet three inches long, and extends well beyond the extrcme grooves. 

Parallel to the length of the drum and fixed above i t  to the brass supports, 0 ,  0', there are two 
bars, I, (see Plates I ,  11, 111 and IV) of solid brass d r a m  to angle sllape: betn-een these a slide, a ,  
(see Plate IV) moves and carries the pencil-llolder, H, so as to keep it alnags over the centrc line of the 
drum. The pencil-slide, (T, is a double T-shape and moves along the bars, being pushed towards one or 
them by a spring, s, (see Figs. 2 and 4, Plate IV) the spring being shown dotted in the former, so that. 
there is no lateral motion; the upper flanges of the parallel bars are gripped betwcen the springs, s', 
(see Plate IV) and the upper plate of tllc slide for extra smootl~ness of motion. The bars, I, are pre- 
vented from buckling or having lateral motion by two arched stiffeners, J, (see Plates I and 11) rrliicli 
are screwed to the outer sides of the bars and allow the slide and pencil-holder to pass through 
them. 

Tlie flcxible chain, g, is fastened a t  one end to tlie chain-wheel, G ,  and carried round i t  : the 
other end is attached to a swivel, 1, (see Figs. 2 and 3, Platc IV) on a cylindrical capstan-headed screw, y, 
(see Figs. 2 and 3), worlcing into the body of the slidc, u, and by means of tlic screw, y, the slidc can be 
moved along the bars, and the pencil adjusted for hcight to the zero of thc gauge. A t  the other end of 
the pencil-slide there is a wire loop, 1', (see Pigs. 2 and 3). A silver wire, K, (see Plates I and 111) is 
tied to the loop, l', and after passing over a rimmcd pulley, ?c, at thc end of tlie bars close to the clock and 
thence ovcr another pulley, lc', on thc bcd-plate, (sec Plate 111), i t  has a weight of about five pounds 
attached to its other end, to ensure the pcncil-slidc moving when the water falls; a sufficient space 
must of coursc be allowed for its drop as the pencil moves between the bars. The pencil-holder, H, is 
a small tube which screws into tlie slide, u, and is adjusted so that it almost touches tlie papcr on the 
drum. I t  is made to contain common lcads which are presscd down on the paper from above by a 
wcigl~t of two or three ounces, placed in a cup provided for the purpose. 

The driving cloclc, P, is furnished with an English lcvcr escapement and gold hair-spring. 
The movements arc boxed in by moveable brass slides, and the oil-cups protected by bud~cs .  The 
drum is driven by means of a toothed wlieel of the clock gearing with another, N, on the axlc of the 
drum. Tlie arrangement for connecting and disconntlcting the clock and the drum is as follows :-A 
clamping-scrcw, p, (see Plates I and 111) with a milled llead is connected with an interior arbor, so 
that when tlie screw is clan~ped, the driving toothed whecl of thc clock is not moveablc on tllc arbor, but  
when tllc screw is released thc wllecl can turn frccly, and thus permit the drum to bc placed in  any 
position required, when tile clamping of tlic screw will again bring thc two toothed wheels into gear 
with the rest of the wheel-mark of the clock. 

I n  order to prevent any back-lash which may cxist between the gearing of tlic clock and the drum, 
a cord carrying a wcight, T, (scc Platc I )  of about five pounds is attached to, and encircles a barrel, ;C', 

(sec Platrs I and 111) on the axlc of tlic drum,tllence passing over a pulley, t ,  (see Plate 111) on thc bed-platr. 
l ' l~is lmrrel carries s pawl whicll (11.ops on to a mtchct-wheel on the dnlm, neither of these being 
shown 011 tlle plates: it also carries a crown-wllcrl, W, (see Plates I and I I I ) ,  wl~ich gears with a berel- 
pinion, X, (see l'latc 111). This pillion turns freely in a SOCLC~ fastened to the upright, 0, which supports 
the clock cnd of the drum. Tho outrr cud of thc pinion is squarc, and thc key nhicll winds the clock fits it. 
I n  winding tllc pinion, the barrel is also turned, thus winding up tllc TT-eight which prevents the  back-lash, 
~ l l i l e  any backward motion is stopped by the pawl and ratcliet on the drum. 
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Self-Registel-hzg Aneroid. 

I n  the self-registering aneroid (see Plate V) there are seven vacuum-chambers or boxes, 8, 
coupled together: the top one is attached to a screm, B, used for setting the metallic registering pointer; 
and a fork, C, with hardened steel bearings, is fixed to the lowest one. By means of knife-edges, 
a lever, D, rests on these bearings and connects the balancing-spring, B, with the vacuum-boxes, being 
pivoted on otller knife-edges, 3') midway between the attaching points. The vacuum-boxesand balancing. 
spring arc placed on o, brass frame, G .  

The balancing-spring, E, is a spiral one hooked a t  the  bottom to the lever, D, and a t  the top to 
a screw, IZ, which works in the upper part of the frame, G : the  spring in  connection with the lever 
prereuts lost motion and by means of the screw its pull is so adjusted, that the reading of the instru- 
ment corresponds to that of the mercurial barometer under the particular atmospheric conditions exist- 
ing a t  t.he time of its first adjustment. This adjustment, made by the maker, ought not to be altered 
unless the instrument has to be taken to pieces. 

The morement produced by the variation of the atmospl~eric pressure on the boxes is multiplied 
by the h e r ,  B, and further by the lever, I, supported on two uprights, J,  and counterpoised. These 
two levers are connected together by a steel rod, K, pointed a t  both ends and pivoted in  conical holes 
out of which i t  is prevented from slipping by means of forks. 

A t,llir(l lever, L, projects from the clock, 0; it is the same length as the lever, I, and attached 
to it hy a joint,cd picce, X, n-hose length is half tho height of the recording barrel, N. The piece, dl, 
is mowable, and a t  its centre a metallic pointer, P, is fixed for the purpose of marking on the prepared 
pallcr on thc barrel: the pointer can be adjusted to press more or less heavily as required. Attached 
to  t l ~ c  back of the lcrer, L, there is a sliding piece, Q, which is moved by the clock-work three times 
an  Iiour, by Incans of a bent picce, R, the spring, S, preventing lost motion. The movement of the piece, 
Q, affects the lel-cr, L, so as to twist the joint, H, and press the pointer, P, against the paper. 

To thc bmss frame, G, on which the vacuum-boxes are placed, is fixed a steel tube, T, and on 
this the revolving drum, 27, pivots, being maintained in position by a nut, lz, screwing in  the top of the 
tubc. The tube is Iiollom toadmit of a turnscrew being inserted to set therecording pencil to agree with 
the mercurial barometer. 

At the bottom of thc revolving drum, U, there is a crown-wheel, 7, which gears by mcans 
of a pinion, TV, with the clock. The drum revolves in eight and a half days. The recording barrel, N, 
on whicli tlie specially prepared paper supplied by the maker is fixed, rests by its own weight on the 
revolving d1.nni ant1 has a knob, Y, on the top with a hole through i t  of the same size and for the same 
purpoqc as the llollow in the stccl tube. The several pieces are fittcd on a substantial brass plate, 2, 
al~out tmenty-onr incl~(>s long and six inches midc, screwed on to a l~oard an inch thick, and the ~ l l o l e  
instrumeut is iiscd in a ncnt case, with a glass front, the top and front being made to open on hinges. 

The self-registering nnemometer as shown in Platc VI is fitted with Robinson's cups, 8, (see Fig. 1) 
and stcrrinz-rnnrs, B, and has a long protecting tube, C, to prevent dust or rain blowing into the 
lnarinzq. This tuhc is acren-cd on to the hollow chamber, D, in which is placed the mechanism shown 
on n largcr scale in Fig. 2. 
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The instrument differs from the ordinary pattern in  as much as the steering-vanes are made ae 
largo as possible, wit11 a sharper angle than usual, and the screw which works the wheel of the indi- 
cating shaft has a quicker thread, so that smaller changes in the direction of the wind may be recorded 
on the drum, 0, (see Pigs. 3 and 4). The movement of the cups and vanes is communicated by meana 
of the mechanism sho\ru in Fig. 2 to the marking helices, h, h, by the two pairs of crown-wheels, E, E', 
(see 17igs. 3 and 4) which also are much larger than the usual pattern so as to produce easicr gearing. 
The cylinders carrying the helices are counterpoised by weights, w, w, (see Fig. 4). 

The scrcm, F, (see Figs. 3 and 4) enables the helices to be lifted off the drum so that the diagram 
maybe  fixed on the latter, the adjustment for time being made by means of the pencil, p, fitted with a 
spring so that it may be pressed down on the diagram. 

The clock, H, (see Figs. 3 and 4) has a lever escapement with a gold hair-spring : it is driven by 
a weight, I, and is fitted with a dial, K, (see Pig. 3J sliowing minutes. 

The driving-barrel of the clock movement is drilled through the centre and a shaft passes through 
t l ~ e  hole and bears on its outer end a pinion, i, i, (see Fig. 4) gearing wit11 a mheel, L, on the axle of the 
drum, and on the other cnd, outside the clock, a milled-headcd screw, S, (see Figs. 3 and 4). This 
arrangement allows thc rcgistering drum to be easily set, for, by loosening the  screw the centre spindle 
becomes free, and after setting the drum to correct time the screw is again clamped. 

To prcvcnt back-lash in the drum, the double pinion, i ,  i ,  is made in two parts : one part is 
fixed on t l ~ c  spindle and the other is loose, but attached to the fixed part by mcans of a circular wire 
spring not sliown in the plate. This spring is pressed back when gearing the double pinion and causes 
the tooth of the mheel, L, which is in gear, to be clamped on both sides and prevents lost motion. 

Tidal Observatory. 

Tlie form of tlie observatory has been somewl~at modified from time to time as additional experience 
has been gained from the working a t  various stations. The pattern now generally adopted as most con- 
venient is shown in such dctail in Plate VI I ,  that i t  need not be further described. I t  is built of wood 
and so co~lstructcd as to be readily taken to pieces for removal to another station when required. 

The internal fittings consist of a cupboard fixed on the mall to hold various documents and stores 
and to support the self-registering ancroid ; a slielf near the top of the observatory for the recording- 
gear of the self-registering anemometer, and a table on which to spread out the tidal diagrams. 

A sttaff graduated to inches, is fixed vertically outside tlie observatory in such a position as to he easily 
read, BO that a colupadson of the level of the water outside and inside the  cylinder con be readily made. 

Bench-marks of Reference. 

T n o  or three embedded bench-marks are h id  down in the vicinity of each observatory : they are 
similar to those in general use on the principal lines of levelling of the Great Trigonometrical Survey, 
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and are connected with these lines by rigorous levelling, according to the  system adopted by the Survey 
Department. The details of the levelling connecting the bench-marks and bed-plate made a t  each 
inspection are recorded on the printed forms of the  Department, and are carefully preserved for future 
reference if necessary. 

Self-Begisteritag Tide- Gauge in use at Priuce's Dock, Bombay. 

Tlie gauge was constructed by Messrs. LBgB and Co, in 1879, under the supervision of Mr. E. 
Roberts, of the Nautical Almanac Office, in accordance with suggestions made by Mr. G .  E. Ormiston, 
late Engineer to the Bombay Port Trust, and Captain A. W. Baird, R.E. 

Tlie observatory is situated on the centre pier of the Prince's Dock, and occupies the interior of 
the  base and first floor of the light-house. The gauge is in communication with the deep water out- 
side t,he docli, n well for the cylinder and a connection with the sea having been arranged for in 
building the dock. I t  was necessary to set u p  the gauge on the first floor because the dynamo for the 
electric light is on tlle ground floor, and this would have affected the clock, had the gauge been erected 
near it. A general description of the gauge is first given, to exhibit its construction and mode of 
operation, followed by a detailed account of each part. The letters refer to Plate V I I I .  

A vertical cylinder is placed in communication witli the sea, by suspending i t  in a masonry vell 
twelve feet in diameter, from ~ h i c h  a nearly horizontal sliaft twenty-four feet long reaches deep water; 
this renders the mater affecting the gauge undisturbed, while its surface fairly represents the level of the 
surface of tlie mater outside. 

Resting on the water in t11e cylinder is a float which rises and falls with it, and to the float 
is attached n copper band, b,  whicli passes over a wliecl, s, called t,he stud-wheel. T l ~ e  rise or 
fall of the float comrnuuicates motion to the  stud-mllecl, and the stud-wl~eel in turn, by means 
of a toothed-\\.heel, t ,  on its own asle, communicates motion to another toothed-whe~l, t'. On tlie 
salne asle as tlie latter, nad consequently moving wit11 it, is a slicaved-wheel, p, called the pencil-wire 
wh[-cl, round wliicl~ n fine n-ire is mound ; one end of this wirc is secured to the circumference of tho 
mhecl, while tlie other liangs free and is fastened to a pcncil-traveller, to which i t  communicates 
vert icnl motion. Tlie pencil passes througli the pcncil-traveller Ilorizontally and records t l ~ e  vertical 
motion of tlie latter on paper moving over a vertical, cylindrical drum, B : the drum revolves once in 
twe~~t!--four liours hy means of clock-work and the pencil is l igl~tly pressed by a spring aqainst its 
cylindrical surface. Tlie pnper is continually stretclled over the portion of the drum under and 
about the patli of tlie pencil-traveller, and is drawn off a second vertical drurn, C, on mliich a con- 
sidt3ral)le lcngtli is rolled. A third vertical drum, A, actuated by thc same clock-work, rolls up the 
paper as i t  leaves tlie surface oE the drum, B. A n o t l ~ e ~  pcncil, z, pressed against t l ~ c  paper near 
tlie pencil-tmrt,llrr quidcs and on a level with tlie zero of t l ~ e  traveller, marks a line 011 thc pnper, to 
wliicll the heights of tide recordcd by the pencil are referred. Projectding pins a t  one hour intcrvalg, 
near the top and bottom of the drum, make pin-holes in the paper as it passes under thc pencil- 
tmreller, so that, from ~ e r t i c a l  stmight lines joining these, the time of any recorded level of the 
water may be estimated. Thesc pins also ensure that the paper moves wit11 t l ~ c  drum. Any deviation 
of tlie pencil-trarellcr from a vertical path is prerented by parallel guides, g, g, on which a scalc of 
feet is engraved, so tliat an indicator on the pencil-traveller sllems the height of the tidc abovc tllc 
zcro of tlie sa le .  The upper ends of the spindles of the tllrce drums turn in bearings in  an upper 
horizontal platc, r r ,  and the lo~re r  ends in bearings in a horizontal bed-plate, v.  The upper horizontal 
plate carries the clock-face and the bearings of tlie stud-wheel, pencil-wire wheel, and toothed-wheels, 
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and has the upper ends of tlie guides fitted to i t :  the horizontal bed-plate is supported by t s o  cast-iron 
trestles, D, D, and the rigidity of the fratne secured by a cast-iron bracket to whicl~ tile trestles are bolted. 
The gauge is protccted by a panelled case with glass front and back, capable of being easily taken off. 

I n  tlie detailed account of the various parts which follows, the principal parts are described in the 
order in whicll they were mentioned in the general outline, and the details aru described along with thc 
principal parts to which they belong. 

The cylinder does not materially differ from that used with Newman's pattern of tide-gauge, and 
the float is identical with the pattern used with that gauge. 

The band, b, is a copper ribbon, three-quarters of an inch wide and between forty and fifty feet long, 
tlle great length being due to the position of the gauge on the first floor of the light-house : tile cylinder 
only extends to the level of the ground floor, and the hand is protected by a wooden trougli ftonl the mouth 
of the cylinder up to and through thc first floor. The band is fastened to the float in tlle same manner as 
is adopted nlitli Nc\vmao's pattern of tide-gaugc. I t  extends vertically upwards from its fastening to the 
float until it reacl~es the circumference of a sllcaved guide-wlleel, o, eight aud a quarter inches in  diameter. 
From this guide-wheel, wliicll merely lceeps i t  clear of the bed-plate, the band passes upwards and over 
the stud-rrlleel, s. I t  is pierced by oval Iioles to cngage with the studs on the c~rcr~mference of the stud- 
wheel. From tlie stud-wheel i t  passes vertically do~vn~\-ards tlirougli a hole in tlie bed-plate and is rolled 
up on tlie circumference of a sheaved-\rl~ccl, T ,  also eight and a quarter inclics in diameter, on whosc 
axle is a fusce, f, actuated by a cord ~vliicll is lcd clear of t l ~ c  gauge by a pulley on tile bed-plate and a 
bloclr on an  iron arm, and supports the co~u~terpoise wcigl~t, c, the ohject of this being to ensure the 
band being always kept taut. Tlie stud-wlieel, s, is a sl~eaved-wheel eight inclies in diameter. The band 
just fits between its flanges ; tlie studs, about a quarter of an inell long and an eighth of an  incli in  
diameter, and exactly two inches from centre to centre, are given a curved taper which allonrs the band 
to engage and disengage with perfect facility. 

On the axlc of tllc stud-~rrl~eel is a tootl~ed-wheel, t ,  one inch in diameter, gearing with another 
toothed-wheel, t', six inclies in diameter. 

On the axle of the latter is a sheared-nllieel, p, four incl~es in diameter, on lvl~ich the pencil- 
tmvcllcr \\.ire, a V C I ~  fine brass wire, is mount1 and from ~ v l ~ i c h  tlle free end of t l ~ o  wire depends. It will 
be seen that this conlbi~~ation of wheels results in the pencil llsving oue-twelfth thc  motion of the float, 
i.e., that the gauge works a t  a, scale of one-twelfth t l ~ e  natural scale. 

T l ~ e  pcncil-traveller is an oblong 1)lock of metal an inch and a half long, having a small staple 
screwrd into its upper end: it hangs 1)y the pencil-traveller wire, which is kl~otted t,o tlic staple: a spring 
of bent wire is fastened to the Upper part of the traveller and presses an ordinary lead, through a horizontal 
hole in the tlsaveller, against the papor. The front of tlie traveller carries an indicator, i, level with the  
centro of the pencil-point, for the purpose of ~ a d i n g  a graduated scale of feet engraved on the guides. 

Tho guidcs, g, g, nre formed by means of a slot passing vertically domn the centre of a long brass 
plate, wllicli is set up ia front of the instrunlent I)et\reen the upper l~orizontal plate and t l ~ e  bed-plate. 
Tllc pencil-traveller worlis behiud the plate, and the indicator p:~sses througli tlie slot, and moves along 
the face of t l ~ e  guidcs; t l ~ e  gl.aduation zero, with wliicli tlie inclicator on tlie pencil-traveller is level, 
wl~cn tlie snrFace of tlle water is levcl with the zcro of tlie gauge, is about four inches above the bed- 

plato, and from zero tlie scalc is grnrlnatcd downwards to read oxceptionnlly low tides. TWO side-plates 
arc fitted to the guides and grndnatcd like the latter : their straight edges nearly toncl~ the paper and 
are uscd by tlle clerk to rule lines on the diagram equi-distant from the position of the pencil a t  pre- 
~cribc,tl l~ours : against these tllc date and l ~ o u r  nre written, nnd they serve to fix the time-lines dralvn 
througli the pin-holes; they also act as a clleck on the regularity of the clerk. 

, 
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Tlie paper as marked by the pencil is extended over, and moves with, tlie drum, D, a cylinder 
ttvcntp-fol~r iilcl~es IOIIS and exactly twenty-four inches in circuml'ltrence of its circular section. The 
u l ~ l ~ r  inch of this drum is not covered by tlie paper: i t  is grnduated for time into twenty-four hours, each 
of ~rll ich measures one inch and is divided into ten-minute, and then into two-minute, graduations : a metal 
pointer fised to thc uppcr liorizontnl plate indicates a position on the drum two hours distant from the 
pencil-point and is called t l ~ e  time-index. This cannot be seen on t l ~ e  plate as it is hidden by the guides. 
Vertically uilder each hour graduation are two pin-points arranged to pierce the paper near its upper and 
lower cdges and to mark i t  for time, as well as to ensure its moving nit11 the drum. To the lower face of 
the dram is fixed a toothcd-wheel, n.1lich gears into and drives a corresponding nfheel under the drum, A.  
T l ~ e  druln, B, is directly driven by the clock, and revolves in tlie direction of the ]lands of a watch : tlie 
ot l~er  drums of course revolve in tlie contrary direction. The paper is drawn off the drum, C, by the 
drum, B, aud the friction to be overcome in  rotating, B ,  suffices to keep the paper stretched. To press 
it ngainst tlie pin-points, two rollers are used, their axle, a, being set u p  between the upper horizontal 
plate and the bed-plate. 'l'his axle is also used to carry a zero-marker, z, which by a lead pressed on the 
paper marks a line exactly level with the zero of the scale on the guides. 

The drum, A,  rolls u p  the paper after i t  has received the record. It rests simply by its own 
n c i g l ~ t  on the toothed-n-11ecl driven by that under t l ~ e  drum, B. This wheel tends to rotate i t  just 
fast cnougli to accommodate the paper from B when A is empty, its diameter then being four inches. 
As A increases its diameter wit11 acciimulatcd paper, i t  slips on tlie revolving mlleel beneath it, and so 
compensates its tendency to pull the diagram off B too fast. The drum, C, is similar to A ,  but only 
tn-o inches in diameter, and is driven merely by the pull-off action exerted on the paper by the pins on 
the drum, B, of mhicll six a t  the top and as many a t  the bottom are holding the paper a t  once. Both 
tlie drums, A and C, are tn-enty-two and a quarter inches long. T l ~ e  paper is continuous and one foot 
nine and a half inclles broad, unmnrlied 1)y time or height lines; a l~out  a thousand feet, or enough for 
filtcen months' record, are put on at  a timc. The completed record is cut off oncc a month. 

The upper horizontal plate, 1 1 ,  is of iron, its form is clearly indicated in Plate V I I I  and the hed- 
plate, r ,  is also of iron, about nine ii~clles wide and two feet six inches long : its greatest depth, about one 
iuch, is a t  its centre and i t  tapers tonards cach end. 

The clock, x, an ordinary pendulum clock is fixed underneat11 the bed-plate. The driving neigl~t,  
ail iron r-linder about one Soot long and six inches in diameter, I~angs below t l ~ e  floor by tlie cord, to, 

\rl~icll passcs over a pulle~- and under the bed-plate to tlle fusee i t  actuates. To prevent the n-eight 
from turning, an iron staple is fixed on its side and passes up and down an  iron rod, set vertically down- 
nard, from tlle under side of tlie floor. The pendulun~ weight, y, is about one foot long and two inches 
in tlianwter, mith a dou1)le milled-l~eadecl screlr for adjusting the length of the pendulum : the pendulum 
I ia t i~s  rroln n flat qlwinc fised on an inverted V-support. The hands must not be touclled in sctting thc 
cluch, lor this nould upsct the a~reelnent  of the time-index and the clock hand. 
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SELECTION AND MAINTENANCE OF A TIDAL OBSERVATORY. 

Tlie choice of a site Eor the crcction of a tide-gauge clcpends so much on local circumstances, 
that a careful reconnaissance of tlie fore-shore is a necessary preliminary to the selection of the best 
of thc gcncrally limited numbcr of suitable positions. 

Tile gauge should be placed so as to obtain a fair rcpresentation of the tidal oscillations of the 
surrounding area: to securc tliis i t  is necessary (1) tlint the sea should havc direct communication 
nit11 thc gauge and not approach i t  througli tortuous clianncls ; (2) that  the spot cliosen should be 
sheltered from heavy weather, and (3) that there shonld bc dcep matcr a t  low-tide close to it. A good 
position is the end of a picr or jetty, or tlie \[-all of a doclc ; but i t  lllust be pointed out tliat a position 
in  a cove or a minor bay a t  the head of a large bay, though i t  lnay apparently answer the above requirc- 
ments, is not a good one for a tidal observatory, as cxperiencc slions that, a t  stations wllcre the range 
is small (as in the soutli of India) the tidal curves in sucli a spot often present a zig-zag appeararlcc 
all along tlie rise and fall. The irregularities are certainly not caused by lumpy water, because i t  has 
freqncntly becn noticed that t1ic.y lvcrc being registcrcd iuside the float-cylind[lr a t  times when the 
surlacc of thc water outsidc was pcrf(:ctly sn~ootli, and no swell or ripple was apparent to tlie e p .  Tile 
peculiarity may be seen in tlie curves a t  K:ir\~filr and Bcyporc, though tlie scale of the illustrations is 
so small that it is not very markcd : i t  has not yct bcen met with in tidal rivers. 

When a station has bcen sclcctcd near deep water, and a pier, jetty or dock mall is available for 
the purpose, tlie observntory is built on i t  and thc cylindcr fixed in the water. Bot  if notl~ing in the 
nature of a pier is available, and onc cannot be specially constructed in deep water except at  a prohi- 
bitory cost, the observatory must bc erected on the sliorc, tlie cylinder stink in  the ground, or in a 
masonry well, and connected, as described in Chapter 111, with the sea by piping. 
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The gradunted st,aff is sct u p  and the bench-niarlts are laid down as described in  tlie preceding 
chapter. Tlie trestle is put  in  position, longitudinally in the observatory and touching tlie float-cylinder 
a t  ono end, rind the tide-gangc placed on it in such a position that the centre of the float,, the band and 
tlre counterpoise weight shall all be in a diametral plane of the float-cylinder, and also SO tliat the float ai1d 
the cou~itcrpoise weiglit shall each be about four inches from tlie sides of the cylinder. The trestle is 
then wedged up until its top is nearly level and its legs are firmly screwed to the floor. After this the 
bed-plate is levelled, longitudinally and trausversely, by driving wedges in between the web and the top 
of the trestle. 

Tlie extreme range of the  tide baring been found roughly, either by observations on the staff or 
from local information, tlie various parts of tlie instrument are tested to see tliat they work freely and 
tliat there is enough drop, a t  extrenle tides, for tlie counterpoise weight attached to the pencil-slide. 
The whecls to govern tlic scale of the diagram are then placed in gear with the float-wheel, a trial 
diagram put on and tlie instrument approximately adjusted so that a t  half-tide the pencil will be at  the 
centre of tlie drum. 

Sometimes the zero of t l ~ e  gauge, referred to a t  page 13 and accurately defined a t  the beginning 
of tlie nes t  chapter, is made to correspond wit11 some particular level which has been talten as the 
datum for local surveys, and the instrument is adjusted accordingly. For example, w l ~ e n  soundings are 
being taken in the vicinity and tlie times noted, the pnuge readillgs a t  those times may be made to indi- 
cate the aruounts to be subtracted from the soundings to find the distances of the bed of the sea belom 
the datum. 

Thatever  be tlie approximate adjustments, careful measurements must next be taken to 
detcrnliue the distance of t l ~ e  water belom the surface of the bed-plate wlien t l ~ e  pencil is on the 
zero of thc gauge. I n  making these zero-measurements, as they are called, a special apparatus is 
cmp1o;red. 

A flat strip of brass mitli a right-angled band is fixed by tmo or three countersunk screws to tl~e 
top of a box-wood scale, divided into te~rths, hundredths and five-l~undredths of a foot, so that when 
the flat piecc of brass lies on tlie bed-plate, the scale liangs vertically down, and care is taken tliat the 
under surfacc wl~icli rests on the bed-plate corresponds exactly to the zero mark of the box-wood scale. 
A small circular wooden disc, thrce inches in diameter and half an inch tbiclt, is attached, by means of 
a brass clip fixed on tlle top of the disc, to a Chestcrman's tape. The clip is made of two brass plates 
about two and a I~alf inches long and one inch broad, one fixed vertically a t  the centre of tlie disc and 
the other attaclied to i t  by four screws a t  its corners, so as to be removcd a t  pleasure. Tlie tnpe i3 

lie111 betwccn t l ~ c  plates, a line being drawn across the tape to show exactly how i t  is to be placed 
relatively to the top of tlic brass clip. Tllc disc is slightly loaded witli lead so that, wlien hrnl:in,o 
froni t l ~ o  tape, its under surface is quite l~orizontal. The distance from t,he bottom surface of the disc 
to t l ~ c  top of tlie clip is exactly tliree inches. T ~ I G  tape itsclf is marked a t  every foot from five feet 
to thirty fcct by applying i t  to a standard, the disc being held suspended all t110 time, so as to ]lave tl1c 
tnpe in tension under the same conditions as when in use. 

The mca~urcnicnts arc taken as follorrs :-The scale is placed in  position over tlie float-cylinder 
and tlic disc is Ion-crcd into the cj-lindcr, care beinq taken to keep tlic tape close against tllc scale* 
11-11~11 tlic disc is seen to be close to the surface of the water, warning is gircn to an assistant, and the 
lowering is continued very caref~llly until actual contact with the muter is noticed by thc disc causinX 
a trcnior on tlic surfacc. At tllc ~ ~ i o m c n t  of contact a signal is made to tlie assistant who marks on 
tho diagram t l i ~  position of t l ~ c  prncil, and tllc distance in feet is rcnd off the tnpe wl~ilc the tclltha, 
I~untlrrtltlis and thousnnclths arc rcail off t l ~ e  scale. Tlris distance is cntercd in a book, called the i n q ~ ~ ~ .  

tion book, in oue column; the measureruent of tlie positioll of tlie pencil above the zero-lint on tho 
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and entered in  tho daily report of which a specimen is given below, so as to make sure that the band 
has not been displaced. The height of the water for each hour of the preceding twenty-four hours 
is carefully measured off and entered in  the report. 

N o .  2357. 

Daily Report of Bhdvnagar Tidal Obs~*vntory, G. T. Survey of India, dated 16th May, 1892. 
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The clock of the ticlc-gauge is compared daily mith the gun or time-ball, or with a wat.cll previ- 
ously takcn to the telegmpll office, where Madras time can be correctly obtained a t  4 P.M., and local time is 
deduced b~ applying a corr~.ction for longitude. Tlic clock is corrected if i t  is over thirty seconds wrong, 
and the error is noted in the report mith a remark as to whether or not i t  hm been corrected. An9 
stoppage of the clock is noted on the diagram and also in tile report. Thc ~meading of t l ~ e  pencil on 
diagrnm and the hcight of the water a t  the same moment on the graduated staff, is taken once a day and 
entcrcd in the report. If there is an unmistakeable difference of two-tenths of a foot when the water 
is calm, the cylindcr is flushed out and the communication holes examined. On the day after the 
dingram is put on and again on the day it is taken off, the zero, mid and end lines are markcd by rubbing 
a hard pencil over thc grooyes cut in the drum so as to make a line llalf an inch long a t  the hours 





thread in Adie's pattern, or the marker in  Lkg6's may be broken. I n  the former, the setting is not 
attempted wllcn the clock hands are between five minutes to an hour and ten minutcs past, as the pencil 
nlarker suspended to the gold thread is, a t  these times, either pressing OD or close to the barrcl; in the 
latter i t  is best done a t  five minutes past a full hour. 

The aneroid clock is wound u p  every Monday morning and is regulated by stopping for a few 
minutes, if fast,, or pushing the minnte haud forward, if slow, but i t  is not altered if tlle error is only 

or two minntcs. Tlic diagrams are carefully numbered and changed every ItIonday morning and 
the sheets inked in as they are taken off and put away. 

The clocli of tlic anemometer is wound u p  evcry morning by pulling the cord with the small 
weight so as to raise the heavy driving ~veight close up to the bed-plate. The diagrams are changed 
daily a t  7 A.U. : thry are inked in daily, dated and numbcrcd, and thc hours a t  which thcy were put on 
and taken oil' recorded on them and in  the report. The number of miles of mind for tlic last twenty-four 
hours, ol~taincd by counting thc number of velocity lines and multiplying by ten, is also entered in 
the report. The daily reports on the forms supplied (see page 22) are made up in duplicate and one 
copy sent by post to the Tidal office. Anything unusual is marlred on the diagram and noted on the 
back of thc report, and if anything very urgent is required, thc port-officer telegraphs to the officer 
in charge of the Tidal party. 

I~ispection of GL Tidal Obsevontovy. 

As a rule an inspection is made once n year, but if any interruption has talicn place, such as the 
remoral of the instruments for safety on account of' a cyclone, as llas O C C I I ~ I . ~ ~  more t,llan O ~ C C ,  or on 
account of tlle settleulcut of the observatory which may necessitate a temporary suspension of the 
obser~ations pcnding repairs, an  inspcction sl~ould be madc as soon as possible aftcr thc information 
has bcen reccired. Before making an inspcction, thc accuracy of thc one-foot graduations of tho 
Chcstcrman's tape with wllich the zcro-rncnsuremcnts arc made is tested, and s tapc is not used con- 
tinuously for more than a couple of months ~r i thou t  being rctestcd and, if necessary, corrccted. 

The inspecting officer takes mith him an  inspection box which contains a copy of the  Eandbook 
on Tidal Ol)scrratious, and of the current Tide-Tables for Indian Ports, besides the scales, measuring tape 
and otllcr i~is t r~imcnts  required a t  an  inspection ; and hc is acconlpanicd by a mcchanic to dismantle, clcan, 
rcpair if ncccssary, and refit the  iustrumcnts. H e  writes a rcport in thc obscrvstory ins~~cction book, 
kept for tllc purpose, a t  the  tinlc of the inspcction and a copy of it is forwarded to thc Tidal office. 
It is usually dividcd under the following llcads :- 

General Rcmarlrs. 
Bcncll-marks. 
Dctsils of Levelling. 
Self-registering Tide-gauge. 
Details of Determination of Working Zero. 
Auxiliary Instrumcnts. 

I n  the general remarks, an account of the working of all the instruments sincc the last inspcction 
is given, and attention drawn to the manner in which the clerk in  charge performs his dutics, and to any- 
thing else requiring special noticc. At  tllc actual inspcction, tho first thing donc is to ascertain if any 
settlement of the tide-gauge has taken place, by connecting tho float-end of the bed-plate by careful 
spirit-le~elling mith the bench-mark of refcreuce, which in turn is connected mith the other bench-mark0 



CUAP. IV.1 SELECTION AND MAIFTENANCE OF A TIDAL OBSERVATORY. 

and the graduated staff to test the accuracy of the zero of the lat,ter. The resl~lts and the details 
of the levelling are entered in the report, mention also being made as to the condition in N J ~ ~ c I I  the 
bench-marks and the staff were found, and as to whether the Led-plate mas level both longitudinally and 
transversely. 

A set of zero-measurements (as described on page 20), is then talten a t  rising and falling tidc 
and entered in the inspection report as having been made before cleafling the gauge. If it is t h o u ~ l ~ t  

desirable to take more measurements, another pair of sets is taken before proceeding with the  inspection. 
Concurrently with the zero-measurements, a comparison of the reading of the pencil on the drum with 
the reading of the bed-plate on the float-band and with the reading of the graduated staff is made botlt 
a t  a rising and a falling tide and entercd in the report. Before clcaning the gauge, its clock is compared 
with the telegraph or gun-time as a check on the previous recent comparisons entered by the observatory 
clerk in his daily reports. 

The balance of the gauge is then tested by gently turning the stud-mlleel so as to raise the float 
complctely out of the water and taking tlie reading of a spring-balance hooked for the purpose to one 
of tlic holes on the counterpoise side. The reading of thc spriug-balance gives tlie preponderance of thc 
float which ought to be about three or four pounds, but when once adjusted this sliould require no altera- 
tion, as a change would affect the value of the zero. Sliould the preponderance be found to have 
increased, i t  points either to a flaw in tlic float sufficient to have admitted an influx of water, or to a 
break in the counterpoise chain on the side of tlle counterpoise weight. Aftcr testing tlle balance and 
before cleaning the gaugc, the 2.5 line of refcrcnce paintcd on the band is brought to the level of the 
bcd-plate, and if the pencil is not on the mid-line of the drum the discrepancy is measured and noted. 

The float and band are then raised into the obscrvatory for examination and measurement, and the 
timc of stopping tlie gauge noted. Thc total length of tlic band, and the distances of the 2.5 and 0 
lincs piiintcd on it from its janction ~ i t h  tlie float are measured, to guarcl against such a case as occurred 
during the inspection of a tidal observatory in 1667 when i t  was found that the  readings of the bani1 
and pcncil agreed, but the measurements for the determination of the worliing zcro differed largcly 
from what they ought to have been. The measurements and examination of the band disclosed tli:~t 
i t  had been brokcn close to tlie float, and i t  mas found that the obscrvatory clcrk had tried to conceal 
the brcakagc by attaching the float to t l ~ c  band a t  tlie place where the breakage had occurred. Tlle float 
is carefully examined and repaired or renewed if any water is found in it. I n  such a casc, i t  is interest- 
ing to ascertain tile quantity of water which 1i:is found its may into the float, as i t  may have been 
sufficient to altcr t l ~ c  balance of thc illstruillent and raise the working zero. An instance of this 
occun.cd at thc Dublat Observatory in 1662 where water entered the float in  sufficient quantity to raisc 
the morlting zero 0.14 of a foot. 

Tlie dismantling of the gauge is completed and the several parts thoroughly cleaned and oiled 
where necessary, spocial mention being made in the report as to wlietlier the driving clock required 
clcaning or not :  tlle reference lines on tlie band are lio\vever not yet obliterated. Wlien t l ~ e  several 
parts of the gaugc liavc becn clc;uled, tliry are carefully refitted, tllc band being replaced so that  when 
its painted 2.5 lino of refcrencc! is level with tlic bcd-plate, the pencil shall be at, or close to, the mid-line 
on tllc drum. Thc ~rorlcing of tllc band on the stud-wl~eel, ~vliilc the pcncil is being movecl along the 
drum from its zcro to the lligliest line on tlio diagram, is testcd a t  low-water, so as to reduce as much as 
possil)le tlic chance of the band kinking. Tllo lvorliing should be smooth, each hole of tlie band fitting 
over its stud herly, and if any hole is found too tight it is enlarged sligl~tly with a file. The bed-platc 
is madc level 110th longitudinally and transrcrscly and, if this operation is fouild by spirit-levelling to 
liavc altered the Icvcl of the bed-plato rclntively to that of the bench-mark of reference, the alteration 
of lercl is recorded. Thc refitted gauge is still unadjusted, and to ascertain the amount of adjustment 
required, zero-measurcmcats are taken at  rising and falling tides and recorded in the re1)ort as llaviug 
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been made oftel- clenning the gauge. If  a combination of the result of these measurements wit]] the 
final level of the bcd-plate makes the  distance below the bench-mark of reference of the working zero 
differ from the distance of the  true zero below the same bench-mark by a quantity appreciable on 
the scale of the diagram, tlie position of the pencil is adjusted until the working zero coincides with 
the t,rue zero. I t  is usual to take, and record as having been made aftel* clentting the gauge, one more 
pair of sets of zero-measurements as a final test of the perfect adjustment of the instrument. 

The gauge being in  adjustment, the reference lines painted on the band a t  the last inspection are 
compared with the pencil readings on the drum, and if tlie former are found out of position they are 
obliterat,ed and new ones substituted for them, care being taken that their upper edges correspond to the 
pencil readiugs. 

The dismantling, cleaning and refitting of the self-registering aneroid and anemometer proceed 
a t  the same time as the similar duties in connection with the gauge. The aneroid is compared with the 
mercurial barometer, and its clock rated. The position of the pencil-marker on the diagram is adjusted, 
if nccessnry, by the screw so as to agree with the reading shown on the dial. The diagrams are examined 
to see if tlic markcr is working freely, and if they show straight lines without rises a t  10 o'clock and 
depressions a t  4 o'clock, the marker is cleaned. The thermometers attached to the  aneroid and mercurial 
brometcrs are compared, and the clerk is made to read tlie barometers and thermometers and to set the 
maximum and minimum thermometers. The diagrams are examined to ascertain that they have been 
inked in  properly. The direction of t l ~ e  vane of the anemometer with regard to the wind and the 
marking of the direction on the barrel are tested, and the upper part of the instrument oiled, the cups 
being so marked that they cannot be put on wrongly. The clock is looked a t  to see if new catgut or 
nnjthillg else is required. The diagrams are examined and if the helices are marking faintly, their 
bearings, wliich should be quite free, are looked at, and their edges cleaned cautiously with a piece of 
fine sand-paper. 

Before ending his inspection, the inspecting officer sees the observatory clerk make an accurate 
comparison of the tide-gauge clock, (which like all tlie other clocks in the observatory must keep local 
t i ~ ~ i e )  with the telegraph or gun-time, and enters the comparison in the report. He  also sees that the 
clerk, in addition to being able to rate the clock, knows llow to bring it to correct time wlien i t  is fast or 
slow, accordiug to his printed instructions. A coinparison of the reading of the pencil on tlie drum 
with that of the band a t  the bed-plate and with the level of the water on the graduated staff, is made 
and recorded after the gauge has been readjusted. 

The inspecting officer also sees that a conspicuous note is contained in the observatory report book, 
for the information not only of the observatory clerk bat also of tlie local official appointed to supervise 
him and superintend the working of the observatory, to the effect that whenever any interruption in the 
working of the tide-gauge takes place, owing, e.g.  to the stoppage of the driving clock, hourly readings 
should bc taken on the diagram by day and nigl~t  during the interruption. I f  for any reason these 
readings cannot be taken, then hourly readings of t,lie graduated staff slrould be taken by day and night 
and entered in the daily reports. Should this amount of frequency be unattainable, then it is 
indispensa1)le that readings of l~igll and low water sl~ould be taken day and night and entered in the daily 
reports. I£ the cause of the interruption be of so serious a nat,ure as to render necessary the removal 
of tlie instruments from the obserratory, tlie promptest information should be sent to the officer in charge 
of the tidal operations, to enable him to arrange for an inspection a t  the earliest possible date. The 
inspecting officer cnds his inspection by taliing a note of mllatever diagrame, ink, books, pencils or other 
nccessuies are required to be sent to the observatory. 
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PREPARATION OF THE TIDAL DIAGRAMS. 

COI.I-ectio~t of the Time-lines. 

The tidal diagrams are examined and prepared for the reduction of the observations in the follow- 
ing manner:-Time-lines in red ink are drawn through eacli set of points which have been marked 
by the observatory clerk, sho\ving the position of tlie pencil a t  the exact hours of 7 A.M., 10 A.M., 4 P.X. 

and 6 P.M., and these lines are the bases for drawing similar lines a t  the intermediate hours of the day. 
Tlie daily reports are next examined to see if there are any clock errors amounting to three minutes or 
more : if there are, then crosses in red inli are made on tlie tidal diagrams to show the exact position of each 
hour. If the cloclc is fast, the cross is placed in advance of the vertical hour-line and if slow, b e h i d  it. 
The limit of three minutes' error has been adopted because one-twentieth of an inch is the smallest distance 
nrl~icli can be conveniently and accurately laid down in measuring along the curve, and one-twentieth of 
an inch, on the scale of the tidal diagrams, is equivalent to three minutes. 

Breaks in the Czwves. 

Whencver a break in the curves occurs, owing to an interruption in  the working of the tide- 
gauge, readings of the height of the r a t e r  by day and night are taken a t  every hour, or (if such fre- 
qucncy is unattainable) a t  every higli and low-water during the interruption as mentioned in the 
preceding chapter. Tllcse readings are plotted on the tidal diagrams and are connected by dotted lines 
which represent the tidal curves for the period of suspeusion of the automatic registrations. 

De$nitions of the Zero-lines and the Adopted Level of the Bed-plate. 

The true zero is that whicli l ~ a s  been adopted in determining the datum-line for heights in  tbe 
tide-taldes, and its relative level with regard to the benclr-mark of reference is fixed. As a rule, the  zero 
corresponds to that originally adopted when the gauge was started, and its distance below the bed-plate 
was determined when the level of the bed-plate with regard to the bench-mark was fixed. 
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The working zero is the level of the  mnter with reference to tlie bed-plate mlicn the pencil is 
on tlie zero-groove cut on tlie drum. I n  starting the instrument, the working zero corresponds to the 
true zero, but from various causes the instrument may get out of adjustment and its working zero may 
alt,er. The position of the nlorlring zero on the diagram is always marked by rubbing a hard pe11ci1 
over the groove in  the drum. At the close of an  inspection, the working zero is made to agree closely 
with the true zero. 

Tlie accepted value of the true zero is the distance of the true zero from the bed-plate, which mas 
determined when the bed-plate was fixed as regards its relative level with the bench-mark of reference. 

The adopted level of tlie bed-plate means the level of the bed-plate wit11 reference to t l ~ e  bench- 
mark of reference, which has been adopted in determining the true zero ; as a rule this will correspond 
to the level obtained when the observations commenced. 

Rules for $xitag the T I - z ~ ~  Zero on the Diagrams. 

The inspection book is first examined to see if the bed-plate has altered in level relatively to the 
bench-marli of reference, and if there is any difference from the adopted level exceeding .02 of a foot, a 
correction is applied. The measurements for the determination of the aorkiug zero a t  the various 
inspections are next examined. If no alteration has been made in the adjustment of the gauge during 
an  inspection, the whole of the sets of measurements are grouped, and the mean value take11 to represent 
the distance of the working zero from the bed-plate a t  the inspection. If an  adjustment has been made 
during an inspection, theu the measurements for the determination of zero before and after adjustment 
are grouped separately, and the respective means used in connection with t l ~ e  precedil~g and folloming 
diagrams. I n  treating the diagrams for any period between two inspections, the distance of the mork- 
in: zcro from the bed-plate is taken as tlie mean of the values taken a t  the inspections. The following 
are the cases which may occur and the \rays of adjusting for them :- 

I. Bed-plnte settled belolo adopted level.-The truc zero is placed above the worlting zero at a 
distance proportional to the amount of t l ~ e  settlement in accordance with the scale of the diagram ; hence 
the mensareruents from the true zero mill be less than from the working zero. 

11. Bed-plcite raised aboce adopted level.-The true zero is placed below the worlting zero. 

111. Bed-plate ti~laltered nnrl wor*king zero at  n greater dista~tce from the bed-plate tlrau accepted 
aolrie for trsrre zero.-The true zcro is placed above t l ~ e  working zero. 

IV. Berl-plate tcl~alfered nrlrl toorkitrg zero nt n less distance front bed-plate than accepted valtre 
for trrce zo.o.-The true zero is placcd bc:low t l ~ e  working zcro. 

V. Bed-plate settled a r ~ d  tcorki~rg zero nt greater disfn~~ce front bed-plate than trzie zet-0.-The 
true zero is placed above thc worliing zcro a t  a distancc equal to the sam oE t l ~ e  corrections. 

VI. Bed-plate setfled a ~ ~ d  rrorkilrg zero nt lees diatnnce froru bed-pltrle tlinn true zero.-If tllc 
corrrction for the scttlcment is the ,arc,ater of tlle two, the trui.zclrois plncod al)ovi: t l ~ c  norki l~g z15ro; hut 
if thc correction on account of the tlitfercncc in thc zi>ro-n~c-as~~rcmnts is t l ~ c  grrntv~., t l ~ r n  t,llc, tr~rc: zcro 
is p1acc.d below the working zcro, thc aluount of altcratiorl in cach case being the dilTcl-encc of the two 
correct ions. 

Y I I .  Bcd-plntc mieed nird distn~lce of zcorlii!~g zrro front bcd-plute less than lrzie zero.-l'he 
true zero is phccd below the working zero a t  a dis ta~~ce  equal to the suul of the t\vo correctious. 
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VIII. Bed-plate geaised and distance of tuovking zero fvonz bed-plnte greater than true zero.- 
The true zero is placed below the working zero, if the correction on account of the raising is the greater, 
and above, if the other correction is the greater, the distance between the zeros being the difference of 
the corrections. 

If the determination of the true zero shows that the morking zero comes within 0.005 of a foot 
of the true zero on tAe ding1*anz, then no correction is necessary and the working zero is used as the line 
of reference in measuring the heights from the diagram. What is meant by being within 0.005 of a 
foot 012 the diagranz is the .actual difference between the true and working zeros reduced to scale. 

IX. Watev getting into the $out or a b1.ealc in the countelpoise chain on the side of the couater- 
poise weight.-This has the effect of raising the working zero, and is treated under IVY VI or VII, 
according as the bed-plate is unaltered, has settled or has been raised. 

X. Bvealc in t?~e coz~ntevpoise chain on the float side.-This has the effect of lowering the 
working zero and is treated under 111, V, or VIII, according as the bed-plate is unaltered, has settled or 
has becn raised. 

XI. f i n k  in the band.-While there is a kink in the band, the working zero is higher than when 
there is none: an examination of the diagrams will show when the band righted itself, and the first deter- 
mination of zcro can be used up to this time, and the second from this to the time of the second inspection. 

To facilitatc the work of preparing the diagrams, all information in regard to them is collected 
and recorded in a book entitled Determination of the True Zero on the Diagram, in the following form :- 

(1). Level of bed-plate with reference to B.M. unaltered, or settled by or 
raised by 

No correction necessary, or correction under rule equal to has been applied 
to all diagrams from to 

Feet 
(2). Distance of working zero from bed-plate 

at inspection of 18 Value from 

Distance of working zero from bed-plate 
at inspection of 18 feet. 

Correction on account of (1) or (2), or (1) and (2) = applied and the true zero has 
above bcen placcd L ~ ~ G  the working zero from to 

No other inspection having takcn place, thc value of the working zero at the inspection of 
18 , as givcn above has been used in determining tlie true zero for the remainder 

above of the diagrams, and for these diagrams the true zero has been placed 
belom the 

working zero in accordance with rule 

Height-lines fov Final Mcnszcretnents. 

Af te~  fixing tho true zcro on the diagrams, other lines, generally about six inches apart, are laid 
down in red ink parallel to the true zero-line to facilitate tho height-measurements which are made 
with paper scales divided according to the scale adopted for the particular diagram. 
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INVESTIQATIOR OF THEORETICAL EXPRESSIONS FOR THE REDUCTION OF TIDAL OBSERVATIONS 
BY HARMONIC ANALTSIS. 

Genera Z Explanation of Tides. 

The general idea of the existence of tides may perlinps be best gathered by considering a planet, 
the earth, covered with water and attended by a satellite, the moon. The lntter revolves round the 
former in  an  orbit nearly circular, but  i t  mill be simpler to consider the  moon as fixed and the earth re- 
volving round her. The moon then attracts every particle of the earth and ocean, and by the lam of 
gravitation tlie force acting on any particle is directly proportional to the masses of the particle and of 
the moon, and inversely proportional to the square of the distance between the particle and thc moon's 
ccntre. A t  the same time, as the carth is moving in  a nearly circular orbit round tlie moon, each par- 
ticle is tending to recede from the moon with a force, sometimes known as centrifugal force, jointly 
proportional to the square of the angular velocity of the earth round the moon and the distance beta-een 
the particle and the moon's ccntre. Thcse two radial forces, viz., the attraction and tlie centrifugal force, 
balauce each other a t  the earth's centre : also a t  n point nearer to the moon than the earth's centre, the 
former is greater, and the latter lcss, tlian i t  is a t  the ccntrc, so that the attraction overbalances tlie cen- 
trilugal force. The clitference of these two is the tidc-generating force, and its action on a particle of 
water ncarer to the moon than the eartli's centre is to lessen the effect of gravity and allow the sea level 
to rise. The same effect is produced on the side of the earth remote from the moon owing to the cen- 
trifugal force overbalancing the attraction. Thus thcn i t  could bc shown, in such an  ideal case, that the 
form which the water would assume would be a prolate spheroid, with its major axis pointing towards 
the moon. 

I n  the actual case, however, owing to the unequal distribution of land and water and the rotation 
of the earth, it must not be assumed that this is the case. For, suppose that the ocean consisted of a 
canal round the equator, and that an  earthquake or ally other cause were to generate a great wave in 
thc canal, this ware mo~ilcl travel along i t  with a velocity dependent on the depth. If the canal were 
about thirteen miles deep, the relocity of tlic wave mould be about one thousand milcs an hour, and with 
a depth about cqual to tlie supposcd arerage depth of the existing scas, the velocity would be about half as 
great. h'ow, the moon's tide-generating force may be conceived as making a wave in tlle canal, and con- 
tinually outstripping the ware it generates, for thc moon travels round the equator a t  the ratc of about 
one thousand miles an hour, and thc sca is less tlian thirteen milcs deep. Tlie resultant oscillation of the 
ocean must therefore bc tlic summation of a scrics of partial Kaves, generated a t  cach instant by tlic moon 
and always falling hehind her;  the aggregate wave, being the same a t  each instant, must travel one 
thousand miles an hour so as to keep up with the moon. 
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Now, it is a general law of frictionless oscillation that, if a periodic force acts on a aystcm, 
which, if left to itself, would oscillate in  a period less than that of the force, the maximum excursion 
on one side of the equilibrium position occurs simultaneously with the maximum force in the direc- 
tion of the excursion; but, if a periodic forcc acts on a systcm, ~vhic l~ ,  if left to itself, would oscillate 
in  a period greater than that of t,he forcc, the maximum excursion on one side of tllc equilibrium 
position occurs simultaneously with the maximum force in the direction oppositc to that of the escur- 
sion. The latter is t l ~ e  case under consideration, for the period of a free wave in  t l ~ e  sl~allow canal is 
greater than that of the moon's tide-generating action. Eencc, wlien tlle system is left to settle into 
steady oscillation, i t  is low watcr under and oppositc to the moon, so that the form of the water will 
be nearly an  oblate spheroid mith thc minor axis pointing to tlic moon. 

This conclusion about the tides of an equatorial canal is probably more nearly true of the tides 
of a globe partially covered wit11 land, than the one in ~vhicll tlie occan is supposed a t  eacli moment to 
assume the prolate figure of equilibrium. I n  fact, observation shows that, spealiing generally, it is nloro 
nearly low watcr than lligll water when the moon is on the meridian. Thus tlicn an 01)server on the 
earth will have low water twice in a lunar day somcnrhere about t l ~ e  time tlie moor1 is on tlic n~eridian, 
either above or below the horizon, and high water halfway between the low waters. These arc the  
' semi-diuroal tides.' 

I f  the sun be now introduccd, there  ill be anothcr similar lide of about half the height, 
depending on solar tilne and giving low water somc~vherc about noon and midnight. The superposi- 
tion of tliis tide on the former, modified by friction and by the intcrfercncc of land, g i ~ e s  thc actually 
observed aggregate tide: hencc i t  is clcar that about nclv and full moon tlierc must he s l~r ing tides, 
and a t  first and third quartcrs of the moon neap tidcs; and that, as t l ~ c  sum of thc lunar and solar tide- 
generating forces is about three tinlcs their difference, tlic rangc of spring tidcs should be about tllree 
times that of ncap tidcs, but a dircct verification of tliis from tidal statistics is not readily ol)tained, 
owing to the difficulty of selccting tides exhibiting t l ~ e  effects of the disturbances causcd by the sun 
and the moon under the circumstances in qucstion. 

Hitherto the luminaries have been supposcd to move on the equator; but  supposing that the 
moon does not, it is clear that thc moon's zenith distancc a t  upper transit is in general different from 
her nadir distance a t  lower transit. But the tide-generating forcc is grcatcr, the smaller the zcnitll or 
nadir distance, and therefore the forces are different a t  succcssive transits. Thus tlicre is a tcndcncy for 
two succcssive lunar tides to bc of uncqual I~eigl~ts,  and the resulting inequality of lieigl~t is called a 
' diurnal tide.' This tcndency vanislics when thc moon is on the eqnator, and as this occurs each fort- 
night, the lunar diurnal tide is evanescent oncc a fortnight. Similarly, in  summer and willter the 
succcssivc solar tidcs are generally of uncqual hcight, while in spring anrl autumn this difference is in- 
conspicuous ; the various combinations of tlicsc inequalities give rise to the ' long-period tides.' 

I n  Laplace's theory of the tides on a globe covered mith ocean to a uniform depth, the diurnal 
tide is everymlicrc non-existent. But tliis hypothesis differs much from the reality, and in fact, a t  some 
ports the diurnal tide is so large that i t  overpowcrs the scmi-dinrnal, and (luring two portiolls of each 
lunation, there is only one great high matcr aud one great low water in each twenty-four hours, whilst 
in  other parts of the lunation the usual semi-diurnal tidc is obser~ed. 

No existing theory of tidcs a t  all adequately rrpresents thc oscillations of the water, and tliis miglit 
hc erpcctcd; owing to the vcry unequal distril~utioo of land; i t  is o n l ~  by a careful examination of 

the actual llcigllts of the watcr a t  each station that satisfactory results can be a l ~ i v e d  at. The com- 
parison betwccn tidal observations and tidal tl~eorics, aud thc formation of tables predicting the tidal 
oscillations of the sea have becn carried out in two different rays ,  which may be called the ' synthetic' 
and the ' analytic.' 
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Tlic scmi-diurnal rise and fall of the tide, with the weekly alternation of spring and neap, would 
nati~rally suggest to the invest*igator to make his formula conform to the apparcnt simplicity of the 
phenom~non. He  mould seek to represent tho height of the water by either one or two periodic func. 
tioiis with a variable amplitude; such a representation is thc aim of the syntlietic method. That 
method lins been followed by all the great ilivestigators of the past,-Newton, Bernoulli, Maclaurin, 
Lnplace, Lubboclr, Whcwell, Airy. Sincc a t  European ports the two tides which follow one another on 
any one day arc ncarly equal, or, in other words, there is scarcely a sensible diurnal tide, these investi. 
gators bcstowcci conlparatively little attcntion on the diurnal tides. I f  tliese be neglected, tlie synthetic 
mctlrod is simple, for a single function suffices to represent tlie tide. I n  non-European ports, however, 
t,he diurnnl tidc is sotnctirnes so large as to mask the scmi-diurnal and to  make only a single instead of a 
double high water in  t ~ e n t y - f o u r  hours. To represent this diurnal tide in  the syntl~etic method, it is 
ncccssnry to introduce a t  lcast onc more function. There should also be a third function representing 
tlle tides of long period. The expression for the tide-generating forces due to either sun or moon would 
consist of tlirec terms, involving the declinations and hour-angles of thc planet. One of these terms 
for each goes through its period approximately twice a day, the  second once a day, and the third varies 
slowly. Tlic matlicmatical I~mis of the synthetic method consists of a synthesis of the mathematical 
formnlz, so that the scmi-diurnal term for the moon is fused with that for the sun, and the same process 
is cnrricd out with tlle diurnal and tile slowly varying terms. A mass of tidal observations a t  a place 
~ l l c r c  thc diurnal tide is small, soon shows that the fusion of two simple harmonic or periodic functions 
is insnfficicnt to represent the state of tlre tide cven if, as in  all the older observations, it consists merely 
of heig!lts and times of high and low rrater; the calculated heights and times of high and low water 
are found to need corrections for the variations of declinations, of motion in  right ascension, and of 
the parallaxes of both bodies. 

Bnt, when continuously recording tide-gauges mere set up, far more extended data than those of the 
older observations becamc ncccssil~le to the investigator, and more and more corrections were found to be 
espcclient to adapt tlre formulz to thc facts. A systematic method of utilizing all the data became alsoa 
desidcmtunl. This state of matters let1 Sir William Tliomson (now Lord Kelvin) to suggest the analytic 
ructhod. I t  is true that tlie dynarnical foundations of that metl~od have always lain below the surfaceof the 
syntlletic nietliod, and have constantly been appealcd to for the theoretical determination of corrections : 
nc~rrthclcss tlie csplicit adoption of the analytic method must be regardcd as a great advance. I n  this 
mcthod, the tidal force, or potential due to each disturbing body, is considered to be developed into a 
scrips OF terms, cncli consisting of a constant (determined by the elements of tlie orbits and tlle obliquity 
of tlre ccliptic) multiplied by a simple harmonic function of tlre time. Thus in place of the terms of 
tlre sglithetic ~uctlrod for the tlrrec classes of tidcs, there is an indefinitely long series of terms for each 
of the thrcc classcs. The loss of simplicity in tlie expression for the forccs is far more than counter- 
balnnccd by thc gain of facility for tlie discussion of thc oscillations of tlie water. This facility arises 
from the great d~namicnl  principle of forced oscillations, alluded to in the liistorical sketcli givcn in 
Cl~npter I. Applying this principle, each individual term of the llarmonic development of tllc tide- 
generating forccs corresponds to an oscillation of the sea of tllc same period as tlic term, but the amplitude 
and p l~me of that oscillation must dcpcnd on a net-work of causes of almost inextricable complication. 
T l ~ c  analrtic method, thcn, represents the tide at  any port by a serics of simple harmonic terms, whose 
period i.q determined fro111 tlreoretical consirlcrations, but whoso amplitude and phase are found from 
obscrl-nlion. Fortunntcly tlre scries rcprcscnting the tidal forces converges with such rapidity, that it 
is nccessry to consider only a modcrate number of harmonic terms in the  series. 

One cxplnnntion is cxpcclicnt before proceeding with the harmonic dcvelopment. There are cer- 
tain terms in tbc title-generating forces of the moon, depending on the longitude of the moon's nodes, 
wliicli complctc tlrcir rerolntion in 18.6 ;rears. Now, i t  has been found practically convenient in the 
application of thc harmonic mctbod, to follow the synthetic plan to the cxtent of classifying together 
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terms whose periods differ only in consequence of tlle movement of tlie moon's node, and at the same time 
to conceive that therc is a small variability in the intensity of thc generating forces. 

Tide-generating Pote~ztiul due to the Moon. 

If a planet is attended by a single satellite, the motion of any body in  relation to the planct's sur- 
face is found by the process described as reducing the planet's centre to rest. The planet's ccntre will 

be a t  rest,, if every body in  the system llas impressed on i t  a velocity cqunl and opposite to that of the 
planet's centre ; and this is accomplished by impressing on every body an  acceleration equal and opposite 
to that of the planet's centre. 

Let B be the mass of tlie planet, 
H ,, mass of the satellitc, 
r ,, radius vector of thc satellite measured from the planet's centre, 

p ,, radius vector, measured from the salve point, of the particle whose motion me wish 
to determine, 

and z ,, anglc bctween l .  and p. 

The satcllitc moves in an clliptic orhit about the planet, and tlle acccleration, relatively to tlie 
B+ 71 

planet's centre, of tlic satellite is p -,, -- towards thc planet along the radius vector r, where p is the 
r- 

attraction between unit masses a t  unit distance apart. 

Now, the centrc of inertia, of t l ~ e  planct and satellite remains fixed in  space, and the centre of the 
planet dcscril)es an orbit round that ccntrc of incrtin, similar to tlrnt described by the satellite round the 
planet, but with linear dimensions reduced in the ratio ilf to B + M. Hencc the acceleration of tlie 

ill planet's centre is p , towards thc centre of incrtin of the two bodies. Thus, in order to reduce the 
r- 

H planct's centrc to rest, i t  is necessary to apply to each particlc of the system an acccleration p, parallel 
1" 

to 2. and directed from the satellite to the planet. 

Now, let a set of rectangular axes fixed in the planet be taken, and let J 4 r ,  171,r, H3r be the 
co-ordinates of tllc ~at~clli tc referred to them, and let pfJ p ~ ,  p[  bc the co-ordinates of the particlc P 
whose radius vector is p. 

Then the component accelerations for rcducing the planet's centre to rest are 

and since tllcse arc thc differential co-cfficients with regard to p[, pl ,  p[  of the function 

ZP it  follows that the potential of the forces, by which the planet's centre is reduced to rest, is - p -;;- cos z. 
r- 

Tlle other forces acting on the particlc must now be considered. The planet is spheroidal and 
thcreforc docs not attract oqually in all directions; but in this investigation of the  forces, the ellipticity 

of the plaqct and the c,llipiicil,y O F  the occnn duc to tlie planetary rotation may be neglected. Outside 
B of its body, then, thc planet contributes forces of which the potential is p -. 
P 
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Next, the direct attraction of the satellite contributes forces of which the potential, being propor. 
tional to tho mass of the satellite divided by the distance between the point P and the satellite, is 

To determine the forces from this potential, p and z nlust be regarded as variables for differentia. 
t,ion, and a constant may be added to this potential at  pleasure. As thc object is to find the forces 
wliich urge P relatively to the planet, such a constant must be added, as mill make the whole potential at 
tlie planet's centre zero, and thus the potential of the forces due to the attraction of the satellite must be 
talien as 

It is obvious that r is very large compared with p, so that the expression may be expanded in 

powers of f .  
1' 

This expansion gives 

ill Now since p - .  P, = p <p coos z, and is therefore cqual and opposite to the potential by which 
1' ?" 

the plnnet's centre mas rcdnced to rest, the collection togcther of the various contributions to the 
potential gives as the potential of the forces acting on a particle, wl~ose co-ordinates are pf, p ~ ,  p[, the 
expression 

The first term of ( I )  is the pot,entinl of gravity ; consequently the terms of the series, of which 
t r o  only are written, constitute the tide-gcnersting potential, P, so that 

Developtnent of the Lzinar Tides. 

For tlie purpose of expansion, i t  mill be more convenient to consider these two terms separately; 
so the tide-generating potential, duc to the moon, of the second order of harmonics, at  the point P is 

Now, a simple tide may be defined as a spherical harmonic deformation of the waters of the 
owan which executes a simple harmonic motion in time. Corresponding to this definition, tlie exprcs- 
hion for C ~ C ~ I  term of thc tide-generating potential should consist of a solid spherical harmonic multi- 
plied by a siuplc time-harmonic. 
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But since 
c o s z = f M , + ~ X 2 + [ M 3 ,  f 2 + q 2 + b 2 = 1  a n d M 1 2 + M 2 + M 3 2 = 1 ,  

c0s2 - + = (tJfl+ 7% + 5M3)2 - + (M: + &' + JC:) (f2 + 32 + 5?) 

as will be seen by simply expanding the two expressions. 

Now, let c be the moon's mean distance, e the eccentricity of the moon's orbit, and 

7 ILM 7 = 2 .  7 . 
C 

( 5 )  

Then putting 

the expression in (3) becomes 

I n  (7),  p'hl P?(t"-r)?), &c., are solid spherical harmonics, and in order to complete the expression 
for 7, it is necessary to develop the five functions of X, Y, Z in a serics of simple time-harmonics. 

Let A, B, C (Fig. 1) be the axes of reEerence fixed in the earth, C being the north pole and AB 
being the equator. 

Fig. 1. 

Let X, Y, Z, be a second set of axes, X Y being the plane of 
the moon's orbit. 

Let dl be the projection of the moon in her orbit, 

I = ZC, the obliquity of the lunar orbit to the equator, 
X 

X =  A X =  BCY, 

I = dig, the moon's longitude in her orbit, measured from 8. B 

Thcn Nl = cos X A  = cos I cos x + sin I sin x cos I 

M2 = cos M B  = - cos Z sin x + sin I cos x cos I - (8) 
dl, = cos X C  = sin I sin I 

So that if p = c o s & I  and q = s i n + l  . . . . . .  - (9 )  

equations (8) may be written 

= pScos(x-z)+q2cos(x+z) 

iWz=-p2sin(X-Z)-q%in(x+Z) (10) 

ilf; = z p q  sin I 
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Whence 

dl:-dl:= pQcos 2 ( x  - I )  + 2p'q3 C O ~  2x  + 2' cos 2 ( ~  + 1) 

2 = the same wit11 sines instead of cosines 

Z,N3 = -p" cos ( X  - 31) + pq (pO- - qO-) cos x + pq3 cos 0( + 21) 

X 1  = the same mith sines instead of cosines 

1 + ? - 2 f 0 -  - - t (P' - *!zq? + + 2pzq2  21 
8 

It mill now be convenient to introduce certain auxiliary functions, namely 

Tllus, wlien the functions @, v ,  R are expressed in a series of time-harmonics, the  further deve. 
lopment of thc X, 1; Z f~functiona consists in substitution in (13) .  

Then from (6) and ( I  I )  

It mill now be supposed tliat the moon mores in an elliptic orbit, undisturbed by the sun; the 
tides wl~ich arise irom ilie luuar inequalities of the Evection and Variation will be the  subject of sepa- 
rote treatment below. 

XS- Y" p4@ ( - 2 ~ )  + 2p2q:,p ( 2 ~ )  + p4@ ( 2 ~ )  
\ 

2 S Y  = the same mith x + $n for x 
1-2 = - PW (-XI + P Z  ( I J : - z ~ )  v (x) + pq3 ( x )  

XZ = the  same mith x - for x 

Thc dcscmding node of the equator on the lunar orbit will 1)e called ' the Intersection.' 
Let a,  bc the moon's mean longitude measured in her orbit from the Intersection, 

P, ,, 1on;itude of the perigee measured in thc same may, 
and I has already been defined as tlie longitude of the moon in her orbit, measured from the Intersection* 

. (13)  

The equation of tlie ellipse described by the moon is 

$ (I2+ Y2-222) = fr (p' - Ip"0- + q4) 11 + 22332 @ (0)  Il 

C(l-e') = 1 + e coo ( I  - o,) . . , . . . (14) 
7' 

If highcr powers of e than the second be neglected, 

R = 1 + {e2 + 3e dos ( I  - m l )  + -$eO- cos 2(1-  o,) 

Q, ( a )  = R cos (21 + a) 
= ( 1  + ;/!" cos (21 +a) + re [cog (31 + a - mi) + cos ( I  + a + a , ) ]  

+ ze? [COS (41 + a - 2 ~ , )  + cos (0. + 2 ~ , ) ]  

Y (a )  = It cos a 

And.by the theory of clliptic motion (see Godfray'e Lunar Theory, third edition, page 12)  

I = a, + 2e sin (ul - m,)  + i e 2  sin 2 (u, - m,) . . . . . (16 )  
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Conseqilently, in order to expand O, Y, R in terms of u, (which increases uniformly with the time), 
cos (21 + a) must be developed as far  as e2; cos (31 + a - a , ) ,  cos (1 + a + a , )  and cos (1 - a , )  ns far 
as e ; while only the first terms of cos (41 + a - 2m,) and cos 2 (1 - mr) are necessary. 

Substituting for I the value given in (16), and remembering that cos 8 = 1 - 81 2 and sin 8 = 0 

to the order of small quantities here employed, i t  is easy to show that 

cos (21 + a) = (1 - 4e7 cos (2u, + a) - 2e cos (u, + a + a ] )  + 2e cos (3u, + a - a , )  
+ $e2 cos (a + 2m1) + I42eP" cos (4u, + a - 2m1), 

cos (31 + a - m,) = cos (30, + a - m,) - 3e cos (2u1 + a) + 3e cos (4u, + a - 2al) ,  
cos (1 + a + 5 , )  = cos (u, + a + m,) + e cos (2u, + a) - e cos (a + 2m1), 
cos (I - m,) = - e + cos (a, - a , )  + e cos 2 (u, - m,), 
cos (41 + a - 2a1) = cos (4u1 + a - 2a1), 
cos 2 (I - m,) = COS 2 (u, - m,). 

Substituting these values in (15) the expressions become 
@ (a) = (1 - l21e2) cos (2u1 + a) - +e cos (u, + a + mI) + ~ze cos (3u, + a - a I )  

+ +2ze%os (40, + a - 2m1) 

R = (1 - +e2) + 3e cos (u, - m,) + :ez cos 2 (u, - m,) I (17) 
Y (a) = (1 - -te2) cos a + +e [cos (0, + a - m,) + cos (ul  - a - a , ) ]  

+ : ~ ~ C O S  (2u1 + a - 2m1) + cos (2ul - a - 2m1)] J 
Now substituting from (17) in (13) ,  and giving to a its appropriate value, 

X2 - Y" = (1 - 12Lez) [p4 cos 2 (X - a,) + q4 cos 2 (X + ul)] + (1 - ge?) 2p2q2 cos 2x 

+ <e [ p 4  cos ( 2 ~  - 3ul + m,) + q4cos (2x + 30, - m,)] 

- $e [p 'kos  (2x - u, - ml) + q4 cos (2x + ul + m,)] 

+ $e 2p2q"cos ( 2 ~  + ul - m,) + cos ( 2 ~  - u ,  + m,)] 

+ 4j&"p'"os (2x - 4u1 + 2a1) + q4 cos (2x + 4u1 - 2m,)] 

+ $eP" 2p2qe [COS ( 2 ~  + 2ul - 2mI) + cos ( 2 ~  - 2ul + 2ml)] 

Also - 2 X Y  is the same as ( I  8) with sines instead of cosines, and YZ is the same as X2 - Ye 
when x re1)lac:es 2x, -p3q replaccs p+, pq ( p 2  - q" replaces 2p2q2, and pq3 replaccs q4, and XZ is the  same 
as Y Z  nit11 sit~es illstead of cosines ; so that 

XZ= - (1 - AJLe2) [p" sin (X - 2u,) - pq%in (X + 2 ~ , ) ]  + (1 - -i-e" pq (p2 - q2) sin x 1 
- ;"[P"q sin (X - 3u1 + m,) -pq3 sin (X + 3u1 - mi)] 

+ +e [p3q sin (X - u1 - m,) - pq3 sin (X + u, + m,)] 

+ fryq (p" qP") [sin (X + u, - m,) + sin (X - u1 + ml)] 

- 'sie' [p3q  sin (X - 4u, + 2m1) -pq3 sin (X + 4u, - 2m1)] 

. (19) 

t %r>)q ( p ?  - qq?) [sin (X + 2u, - 2m1) + sin (X - 2u, + 2a,) ]  I 

and 

? (X' + F - 2 2 ' )  = t (P,, - Q'qz + q4) [ ( l  - :e2) + 3e cos (u, - a , )  + te' cos 2 (u, - a , ) ]  

+ 2p2,' [ ( l  - '$cl) cos 2u, + {c cos (30, - m,) - +e cos (v,  + a , )  + J<e2 cos (Am, - 2=,)] 
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An npproximntion mill now be mndc mith regard to I, tho obliquity of the lunar orbit to the 
cquator. 

Thc obliquity of the ecliptic is 23" 27'.3, and I oscillates between 6" 8l.8 greater and 6" W.8 less 
than this ralue. The ralue of q or sin +I, wllcn I is 23" 27"3, is -203 ; its square is -041 and its cube 
-0086. Thc ccccntricity of tho lunar orbit e is .O5-&9; lie~lcc q' is a little smallcr tlian e. 

T l ~ c  preceding dercloplnents 11nre been carried as far as e?, principally on account of the terms in. 
~ o l r i u g  +2ic?, wlrich, as e is about <,-, have nearly tlie same magnitude as if the coefficient had been it. 

I t  is ~roposcd to  regard q2 and qS as of the same ordcr as e, and to drop all terms of tlie ordcr e2, 

exccpt in thc case wl~crc the ni~nlcrical factor is large. This rulc will be neglected with regard to one 
tern1 for a special reason, wliicli appears below; and with rcgard to another, because the numerical 
cocfficient is just, sufficiently large to make i t  worth retaining. 

Atlopting this approximation (18), (19) and (20) may be written- 

X2 - r2 = (1  - ';i'e?) p4 cos 2 (X - cr,) + (1 - $e2) 2p2 q2 cos 2x + +epQcos (2X - 3u1 + a , )  

- 4~1)'' [I)' cos ( 3 ~  - u, - m,) - 6q2 cos (2x - cr, + m,)] + 121e2pe cos ( 2 ~  - 4,ul + 2m1) 

xz = - ( 1  - +Ler) [pnq sin (X - 2u1) -pq3 sin (X + 2~7,)] + (1 - $e"pq (p" q2) sinX 

- {~l'I"q sin ( X  - 3u, + m,) + iepq [p' sin (X - cr, - a , )  + 3 (p" q2) sin (X - cr, + mi) 

+ e p q  ( p 2  - 9') sin (X + u1 - ml) - 12ze2p" sin (X - 4cr1 + 2m1) 

(9' + 3-" 222) = + (]I"' - 4p2q9 + q4) [(I - $8) + 3e cos (cr, - m,)] 

+ 2y'q2 [ ( I -  +en) cos 2cr1 + {e cos (3u, - mi)] 

Tlre terms rrliich liavc been rctainecl in violation of the rule of approximation are tllat in X"YY? 
with argu~nent  SX - (T, + w,, and that in +(X" YY? - 22') mith argument 3cr1 - a,. 

The only othcr term which could have any importance is 

{ e  ?p2q2 cos ( 2 ~  + cr, - m,) in Z2 - Y2. 

Two pairs of terms in  the espressions (21) may be further reduced. 

Firstlg, in J? - P q h e r e  is a pair of terms 

- +e])"p2 cos ( 2 ~  - a, - m,) - 6qz cos ( 2 ~  - U, + m,)]. 

The expression mithin the brackcts may be written 

(y'  - G q S  cos 2m1) cos ( 2 ~  - cr, - m,) + 6q2 sin 2m, sin ( 2 ~  - u, - ml) 

= 11 J j ) :  - 1 ~ q : c o s  2w, cos ( 2 ~  - u1 - w, - R) approximately, 

sin 2w, tan R = cot2 gr  - cos x W, 

Thus t l~ i s  pair of terms mag 1)e rrrittcn 

Sccoudly, in SZ there are the terms 

+ i ~ p q  [p' sin (X - a, - a , )  + 3 ( I ) ?  - q?) sin ( X  - u1 + Q,)], 
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which is spproximatcly equal to 

+tp3p [$ cos m1 sin (X - u,) + 2 sin m, cos (X - u,;, 

where 

epBq J $ + 4 cos 2ml sin (X - u, + Q) . . (2 I iii) 

tan Q = i t a n  m1 

Tile object of the transformations (21") and (21'"), which may seem theoretically undesirable, is 
as follows :- 

lllle numerical l~armonic analysis of tho tidcs is madc to cxtcnd over one year, and this period is 
not long enough to distinguisll complctcly a tidc ~vllosc argument is 2x - a, - m,, from one whose argu- 
mcnt is zX - U, + m,, nor one whose argument is x - u,-m,, from one m-hose al.guinent is x - U, + m,. 
I n  fact, the tide wliose argument is 2~ - ul + m, (for ~vliich no analysis has as yet been carried out) will 
only produce an irregularity in that of argument 2~ - u,-m,, called the  smaller elliptic semi-diurnal tide. 

Again, the pair of terms with arguments x - u1 f m, will appear in  the barmonic analjsis mith 
the single argument x - u,, and tlie resulting numbers vi l l  necessarily appear very irregular, unless 
compared mith the theoretical expression (21"'). 

The terms introduced by the two principal lunar inequalities due to the disturbing action of the  
sun, the ' Evcction ' and the ' Variation,' will now be considcred. 

Ternts dzie to  the Zcection. 

Let 8 be the moon's longitude in the ecliptic, 

S 3, ,, mean longitude, 
p ,, mean longitude of tlie perigee,' 
h ,, sun's mean longitude, 

978 ,, ratio of tlie sun's to the moon's mean motion. 

Then, as shown in Godfray's Lunar Theory, third cdition, arts. 76 and 02, the inequality inlongitude 
and radius vector, to which the name ' Evcction ' has becn givcn, is reprcsentcd by 

8 = s + $hze sin ( s  - 21~ + p)  . (22) 

Now if no distinction is madc hcttwccn longitudes in  the orbit and in  the ecliptic, that  is neglect. 
ins  a term whose coefficicnt sin2(-; x 5" 0') is -002 or less than e2, 

tlicn I = u, + ?me sin (s - 21~ + p) .  

Now m is about G3 and thcrcforc only a little grcater than e ,  so that 

cos (21 + a) = cos (2ul + a) + -:me [cos (2u, + s - 2h + p + a) - cos (2u1 - s + 2h - p + a)]. 
This symbol olao dcnotea corn tZ, but ils uas in Ll~ia tonso will shortly be discorded. 
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Hence 

R = [C (l-x)]S = 1 + ynhe cos (s - 2h + p) 
r . (24) 

Y (a) = R cos a = cos a + S n i e  [cos (S - 2h + p + a) + cos (S - 2h + p - a)] . * ( 2 5 )  

@(a) = R'cos (21 + a) = cos (2u1 + a) + W n a e  cos (2u, + s - 2h + p + a) 

- + ~ n t e c o s ( 2 u - s + 2 h - p + a )  . (26) 

Substit,ut.ing t,hese in (13)  and neglecting terms which are nearly a reproduction of those already 
obtained and also those in q%ad q3, the additional ternls due to tlie evection become 

g r -  y =  llQ$tnep4 cos ( 2 ~  - 2u1 - 8  + 2A - p )  - {+nep" cos ( 2 ~  - 2ul + s - 2h + p) 

XZ = - %ttrep3q sin (X - 2u, - s + 2h - p )  + En&ep3q sin (X - 2u, + s - 2h + p )  

+ {&,cepq (p" qp2) [sin (X + s - 21~ + p )  + sin (X - s + 2h - p)] 

3 (9: + P? - 2 2 7  = ( p 4  - 4p?q9 + q") Vnte  cos (s - 2h + p )  

The term F2tne  arises from t l ~ e  addition of the coefficient of the Erection in the longitude to 
three-halves of tllat in the reciprocal of the radius vector, the term e n a e  from the subtraction of the 
same two qnnntities, and the tern1 *8*)ne is three times the coefficient in the reciprocal of the radius 
vector. When the developnlel~t oE the 1un:lr tlieory is carried to lilgller orders, these coe5cients difftlr 
considcral~ly from the amounts colnputed from the first term, whiclr alone occurs in the above analysis. 
Hence, wl~en these coefficients are colnputed, the full values of coefficients i l l  longitude and reciprocal 
of the radius rector must be introtlnced. According to Professor Adams, the full values of the coeffi- 
cients are, in longitude .0222:33, and in c/r  -010022. 

Xom, as stated a b o ~ e ,  WL is about and is therefore a little greater than e, so that me is some- 
wllat greater than e! l'llns the terms to be added on account of tlie evection may be abridged and 
written 

X" I9 = ~ 6 ~ t r z e p 4  cos ( 2 ~  - 2u1 - 8 + 2h - p )  - +:vcep4 cos ( 2 ~  - 2u1 + 8  - 2h + p )  

XZ = - vLihiep" sin (X - 2u, - s + 2h - p )  (28) 

(X' + 37' - 22') = ( p 4  - 4pCq' + q4) 94ne cos (e - 2h + p )  

5. 
Tern18 due to the Parintion. 

The expressions for the inequality h o r n  as the ' Variation ' in longitude and reciprocal of the 
radius vector arc yi\-tan in Gotlfrnp's Lun:~r Theory, third cdition, arts. 79 and 93. I f ,  as before, no dis- 
tinctiou is made between lo~~gi tudes  in the orbit and in the ecliptic, these reduce to :- 

E = u, + V m 2  sin 2 ( 8  - h), 

c (1-6)  - 
--- - - 1 +ni2  cos2 (s - h). 

r 
80 that 

R = 1 + 31n' C M  2 ( 8  - h ) .  

Y (a) = cos a + irn? [COS (28 - Sh + a) + cos (2.9 - 2h - a)], 
*(a) = cos {2uI  + a) + ' 2111~~09  (2uI + 28 - 211 + a) + +)tl?cos (2u1 - 28 + 2A + a). 
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Whence to a sufficient degree of approximation, 

X 2  - Y2 = -8anzcp4 cos (2X - Zcr, - 28 + 2h) 1 
xz= 0 ( 2 9 )  

5(X3 + Yl - 2 2 2 )  = i ( p 4  - 4p2q2 + q4) 3m2 cos (2s - 2h) 

In  this case, tlle value of the coefficient in  H' - Y2 is the sum of the coefficient in longitude 
and three-halves of that in reciprocal radius vector; in i(X" Y" - Z 2 )  i t  is three times that in reci- 
procal radius vcctor. But the actual values of thc cocfficicnts are considerably greater than thosc com- 
puted from the first tcrms and in computing, the actual values of the above coefficients must be uscd. 
According to Professor Aclams thesc are, in longitude -011489, and in c/r -008249. 

AcrtAer Development of the Xanur Tides. 

The complete exprcssions for t l ~ e  X - Y - Z  functions have now been obtained in (zr), (28) and (29) 
in a scrics of simple time-l~armonics; but they arc not yet in a form to which the ordinary astrono~nical 
formulz nre adopted : furthcr su1)stitutioas must be made before passing from the potcntial to the 
height of t l ~ e  tide generated by that potential. 

axes fixed in t,l~r, earth may be talien to have their cstremities in the following positions :- 
Tlle axis of A on the equator, in the nicridian of the place of observation of the tidcs, 

B on the eqnator 90" East of A, . 

C at the north pole. 

Wow f, 7, 1 are the direction-cosines of the place of observation, so that, if A be t l ~ e  latitude 
of that placc, 

6" $77" cosn 1, fv = 0, = 0, 2f25 = sin 2 1  and $(p + 7" 225') = 4 - sinc A. 

Tl~cn, if a is written for the radius of the carth, the expression (7)  for P a t  thc place of observa- 
tion becomes 

l a 2  P = ------ [i cos%(S3 - Y2) + sin 2 1  Z Z  + +(+ - sin?),) i ( X 2  + P L  2 Z 2 ) ] .  
(1 - e2)!j 

The 1-3'-Z functions being simple time-l~armonics, tlie principle of forced oscillations, stated on 
page 4,, justifies the conclnsion that t l ~ c  forces corresponding to P will generate oscillations in tile 
occan of the samc periods aud typcs as the tcrms in P, but of unknown amplitudes and phascs. 

1 f  now, f" ST" X Z ,  $(f2 + Y2 - 22.9 be three functions having forms respectively similar to 
tliose of 

X" yp" S Z  (S? + Y" 2227 
( 3  , o--Ty ' $ (1 - ,$)a 

but differing from them in t,liat t l ~ c  argument of each of the simple timc-harmonics has some angle sub- 
tractccl from it, and that l l ~ e  term is multiplied by a numerical factor: then, by means of the abovc 
principle, h,  the l~eiglit of t l ~ c  tide at the place of observation is given by 
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Tllc sclcction of the factor 

tllc consideration that, if tlic cq<librium theory of tlie tidcs n-it11 water covering the whole earth 
n.crc correct, by its introduction cacli of thc numcrical factors in tlic X-Y-Z  functions would become 
unity and t l ~ c  alterations of plinsc would also becomc zero ; or, with land and sea as in reality, they 
might be c o m ~ ~ u t e d  by means of tlic fivc dcfinitc integrals involved in Sir William Thomson's amended 
cquilibriulv thcory of tidcs given in Thomson and Tait's 'Natural Philosophy.' 

The actual rcsults of tidal analysis a t  any placc arc presented, as will be afterwards explained, in 
a scrics of tcrnis of thc form fEt cos (P+ zr - K), wherc dP/clt or 2 1 ,  ' tlie speed,' is the rate of increase 
of thc argument per unit of time (say degrees per mean solar hour), and zr is a constant. All the terms 
of tho .r-T-Z functions must conscqnently be prcscnted as cosines with a positive sign. When, there. 
fore in tlicsc functions a negatirc cosinc occurs, its bign n ~ u s t  be clianged and s added to the argument: 
ns the SZ. fuuctions inrolrc sines, i n  must bc addcd to the arguments of the negative signs, and 
sul)tmctc(I from tllosc oT the positive ones and the sines replaced by cosincs. The terms in tile 
+(s :  + 1-2 - 2 . ~ 9  function requirc special consideration. The function of the latitude being 5 - sin?X, 
it  f o l l o ~ ~ s  that when in  tlie nortliern hcmispliere i t  is l~igli  ~ r a t c r  north of a certain critical latitude, it is 
low n-atcr on thc opposite side of t l ~ a t  parallel; and the same is true for the southern hemisphere. 
The critical latitude is that in mliicll sin% = 5, or, in Thomson's amended equilibrium theory, where 
sill:A = ;(I  + 8 ) .  An npproximntc cl-aluation of 8, which depends on the distribution of the land 
and sen, given in Thomson and Tnit's ' Katnral Philosophy,' para. S48 of tlie second edition, shows that 
tlic critical latitudes are 32" N. and S. I t  \\-ill be bcst to adopt n uniform system for the whole earth, 
and to regard high tidc and high water as cousentnneous in the equatorial bclt, and of opposite meanings 
outside of the critical lntituclcs. T l ~ c  fuuctiou will, therefore, be always written 5-sin2A, so that outside 
of t l ~ e  critical lntitudcs his11 tide is low water. Accordingly s must be added to the arguments of tlic 
ncgntirc cosincs (if any) mhicll occur in the function J(x' + u2 - 2Z2). 

I n  continuing the devclopmcnt, the X-Y-z functions will be written in the form appropriate to 
tlie equilibrium tlicory, wit11 tlic m t c r  covering the wllolc cart11 ; for the actual case, i t  is only necessary 
to multiply l)y thc reducing factor, and to subtract tlic pl~ase alteration K. As these are unknown con- 
stants for cach placc, they would only occur in the development as symbols of quantities to be deduced 
from obscrration. I t  will 1)e understood, therefore, that in the following schedules ' the argument' is 
that part of thc argument which is dcrirctl from theory, tllc true complete argument being ' the  argu- 
mcnt ' diminished by K, n l ~ o r e  K is derived from observation. 

Follorring this plan, since .UL YI'" = (1 + 3e') (X? - Y?) ,  &c., tllc results collected from (zI), (28) 
3ud ( 1 9 )  givc 

S? - y' = (1 - -~c')ptcos 2 (X - u,) + (1 + i:e" 2p?q3cos 2x + $ep4 cos ( 2 ~  - 3u1 + ml) 
+ +el)' J ( l  - 12 tan' + I  cos fm, )  cos ( 2 ~  - u, - ml - R + s) 
+ yc,:])'cOs (2x - 'Jim, + 2m,) 
+ ':',Jr)trplcos ('LX - 2u1 - s + 2h - p )  
+ : - ~ I I ~ P ~ ' c ~ s  (.)x - 2u1 + 8 - 2h + p  + n) 
+ ' i ' r r r  3)' ~ o s ( ( 1 7 ~  - 2ul - 2s + 2 h )  . • (31) 

X Z  = (1 - ; r : )  [ p ' q  COS ( X  - 2u1 + -in) + pqR COS (X + 2cr1 - +)I 
+ (1 + 2 4 )  pq (1)' - 4) cns (x - an) 

+ :(yj"l (X - 3 ~ 1  + + i n )  + fpRq J{ :  + CO8 2mlj COS (X -Ul + Q - BIT) 
+ : :C])~(I) -q')cns(,y+ u1 -PI  - in)  
+ ':~')'~y cos ( x  - 4u1 + (17- + 3 TT) 

+ ';::/IIc/)'Q cus (X - 2u1 - 8 + 211 - p + an) , . . . . . (3%) 
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Thc sccond step is to express thc angles X, a,, m,, each of which increases uniformly mith the  
timc, in tcrms of tllc sidereal hour-angle or of the local mean timc, and of the mean longitudes of the 
moon and of the perigee. 

Lct 211 bc the moon in the orbit, 
A ,, cxtrcmity of the A-axis fixed in the earth, 
g ,, sidercsl hour-angle, 
N ,, longitude of the node a ,  Fig. 2. 

v ,, right ascension of the intersection I, 
5 ,, longituclc i n  the moon's orbit' of tlie 

iutcrscction, 
i ,, inclination of thc moon's orbit to the 

ecliptic, 
o ,, obliquity of thc ecliptic, 
s ,, moon's mcan longitudc, 
p ,, mcan longitudc of thc perigee.* 

Now u, and ml l~avc  bcrn dcfincd above as the moon's mcan longitude and the longitude of the 
pcrigcc, both mcasurcd in the orbit from the intersection I. 

Tlicreforc a, - m, = moon's mean anomaly = s - p .  

l'licn if P (Pig. 2) be the perigcc, supposed to describe thc orbit mith uniform motion, 

p=r52+aJ', 

but 5 =  Y Q  - SAT, 

so that 11- t = I P .  

Thercforc 

and 

Again x = I A = A " r - ~ r = g - ~  (35) 
mlicrc g is supposcd to incrcasc uniforuly from the timc mlien tlie tidal observations begin. 

Since, in all tidal observations, local lilean solar timc is uscd, i t  mill be bctter to express g . in 
tcrms of local nicau solar timc and tlie suu's mcan longitude. 

Let t be thc local mcan solar time reduccd to angle, so that a t  noon t = 0°, 
,, sun's mcan longitudc, 

p ,  ,, longitudc of tllc sun's perigce. 
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If the values in (34) and (36) be substituted in  the X-V-B functions in (gr), (32) and (33) and tho 
functions in their new forms be introduced into (30), the final result may be expressed in the form of 
illrco schedules B, I, B, ii, B, iii (pages 46 and 47). 

The schedules are arranged thus. First, there is a general coefficient a 'a, which multiplies 
3 (a)  

every term of all the schcdulcs. Secondly, there are gcneral coefficients, ono for each schedule, *iz,, 
co$k for those in 13, i which are cvidcntly semi-diurnal, sin 2 1  for those in B, ii which are diurnal, and 
!. - sin'k for tliose in B, iii or the terms of long period. Tliese thrce functions of the latitude of the 
place of observation arc thc values a t  that place of three surface splierical liarmonic functions, which 
]lave thc maximum v d u c  unity, a t  the equator for the semi-diurnal, in  latitude 45" for the diurnal, and 
a t  the pole for the terms of long period. 

Thcn f o l l o ~ s  n table for each schedule, tlie first column giving the name or initial of the tide 
and the second the coefficient peculiar to tho tide, a function of I and e,  and in  two cases also of p. 

Thc third column givcs the mean ralue of the  coe5cient or t l ~ e  mean semi-range of the corres. 
l~onding tcrm. I t  n-ill bc shown below, that these mean values are found by putting I = u in the 
cocllii-icnt, and mhen tlie function of I is cosb $ I ,  sin I cos? + I ,  sin I sin" I, or sin" (in 13, iii) by 
multipl!-ing further by cosk i, and where the function of I is sing I (in B, i), sin I c o s  I, or 1 - +sin" 
b!- multiplying by 1 - sin2 i .  

Kcst  there is a column of arguments, which are all linear functions of t ,  h, s, p, v and f :  in B, i, 
91 + 2(A - V) and in U, ii, t + ( h  - v) is common to all the  arguments and is written a t  the top of the 
column ; the terms in thc arguments arc grouped in a manner convenient for subsequent computations. 

T l ~ c  last trro columns of tlic table shon~ the speed, that is, the rate of increase of the arguments 
in the preceding column, esprcssecl al~cbraicnlly and in  degrees per mean solar hour; tlic lettcrs 
y, u, 1, Q refer respectivcly to the earth's angular velocity of rotation, to the mean motions of the 
moon, sun and lunar perigee. 

To m i t e  donn any term, the gcneral coefficient, the coefficient for tho schedule, the cocfficicnt 
peculiar to the tide and the cosine of tlic argnmcnt must be nlultiplied togethcr. The result is a tcrm 
in the cqnilibrium tide with the water corering t l ~ e  whole earth, and thc transition to tllc actual case 
by tlie iutroduction of n factor and a delay of phase, to be derived from observation, has already bcen 
csplained. 

Solar Tides. 

The expression for the tides depending on the sun, may bc written down a t  once by symmetry; 
and, as the eccentricit? of the solar orbit, ciz., .01670, is so small, the elliptic tides may be omitted, CX- 

cvpting the largcr elliptic scmi-diurnal tide. 

The l i~nar  schcclules are tl~crefore to be tmnsformed bp writing s = A ,  p = p i ,  f =  v = 0, a = 1, 
I = UI, e= el and cr = cr,, wherc ET,  is the mean motion of the sun's perigcc. 

For purpows of comparison, thc gcncral coefficient a will be retained in the schedule of 

solar tides, and the cocfficicnt peculiar to each tide nil1 be mnde to involve the factor 2, where r,  = $ '<I 
C l  

S being the sun'a mass, and c, tho mean distancc of the earth and sun, so that I! = 
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Now taking 3 = 81.6 and the following values as given in Solar Poral laz  and i t 8  Related Con- Jf 
S 

.tanis, b y  Pmf. W .  Harkness, page 140, vk . ,  - = 327214, c = 238866 miles and c, = 92796960 miles, E + M  
1 

it follows that 2 = -46035 = - 
T 2.17226' 

The o, used in this section sliould be distinguished fmm that used in the preceding sections, 
where it represents the longitude of the lunar perigee measured from tho intersection. Its use in the 

latter sense is discarded after page 43. 

Schedules. 

For convenience of reference, the tides are now arranged in tabular form, as explained in t,he 
preceding page. 

Schedzcle o f  Notation. 

Sl~eed  

7-7) 

(7 - 9) 
3 (Y - 7 )  

kc. 

2 y  - 39 

27 - q 

7 - 211 
dN - 
d t  

u - o  

u - 271 + w 

20  

3 u  - w 
- 

9 - 
271 

2 (u - 7) 
47 - 2~ - 2q 

27 - -la + 27 

2y  + 2 u  - 4~ 

3 y  - 2 u  

3 y  - 4 u  

I 47 - 5 u  + o 

Nome of Tlde 

principal solar series 

Larger solar elliptic 

Smaller solar elliptic 

Solar diurnal 

19-yearly 

Lunar monthly 

Lunar cvectioi~al monthly 

L u i ~ a r  fortnightly 

Lunar termensun1 

Solar annual 

Solar scmi-annual 

Luni-solar s y n o ~ l i c f o r t n i ~ l ~ t l ~  

In~tlul  

s 1 

s2 

s 8 
&c. 

T 

R 

P 

&P m 

R4 f 

S a 

Ssa 

J I S ~  

RIS 

p or 214s 

PSJI 
- 

II,K, 

251,1Cl I- - 
R1,N 

\ 

. 

Name of T ~ d e  

Principal lunar series 

Luni-solar semi-diurnal 

Larger lunar clliptic 

Smaller lunar elliptic 

Lunar elliptic, second order 

Larger lunar evectional 

Smaller lunar evectional 

Lunar diurnal 

Luni-solar diurnal 

Larger l1111ar elliptic dii~rnal 

Smaller lunar clliptic diurnal 

Lnnar clliptic diurnal, second 
order 

Larger luunr erectional diurnal 1 
I 

IniL~al 

Rf, 

Rf3 
&c. 

K2 

N 

2N 
-- 

v 

A 

0 

00 

Kl 

Q 
-- 

- 

J 

Componnd tides 

Speed 

7 - u - 0, and 
7 - u + o  
2 ( y  - U )  

3 (7  - 4 
&c. 

27 

27 - 3 u  + w 

2y2;;+0:d 

- 4 4  + 2- 

27 - 3 u  - o +2q 

27 - a + o - 27 

y - 2 u  

y + 20 

7 

7 - 3 u  + o 

y - 0 - 0  
incl,ldetl in nI, 
P 

y + u - o  

7 - 4 0  + 2 0  

7 - 3~ - 0 + 271 
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Schedule of  Lunar  Tides. 

General Coefficient = 3 - (:)'a. - 

[ B, i. ] Semi-ditwnal Tides;  General Coegicietzt = cOse A. 

* Indicstrd hr 2>lS na n con~pot~ntl  ~ i d c .  t Tho  lower of the  two numbers gives tlle value when 1Le coeff icie~~ts  of the Evcction nnd Vnrinlion 
h s r o  their full valuus as  dcrrrcd f r o u ~  tlw Luunr T h e o ~ .  

[ 13, ii. ] Dirrrr~nl Tides ; Geneva1 Cocflcient = sin 2X. 

Argulllont 
21 + 2 ( h  - v )  

- 2 (3-6)  

- 
- 2 ( s - ~ ) - ( s - P )  

-2 (3-6)  + (8-p) - R + w  
where 

6 sin 2 ( p - 5 )  tan R = -- -- 

cotp 41-6cos2 ( p - 6 )  

- 2 ( s - 6 ) - 2 ( s - p )  

- 2 ("6) + (s-p) + 2 h - . 2 ~  

- 2 ( s - [ ) - ( s - p ) - 2 h + 2 s + n  

- 2 ( s - E )  + 2 h - 2 s  

I~ri l inl  

>I9 

h 

N 

L 

2 N 

Y 

A 

*P 

Bpecd 

2 (7 -4  

27 

2y-3u- t -  

.%y-u-o 

2y-4u+ 2 0  

.%y-3a-a+2q 

.%y-c+=-~ 

2.y -4c+ 29 

Tlw fl-t of t h p - 0  1-0 n u n ~ h e n  18 the mean rnluc of the cocilicicnt of t l ~ e  Lide 7 - a - o;  Ll~e ~ e c o n d  npplies to I11e lide ?,Il compo~r~ id r J  from 
, - . - " " " 1 , - * 1 =  

t l l ~ e  l u r r r  o l  LLeee 1-0 figures glrca Lhc rs lue when Lhe coefficienls in the Ercctiou h s r e  I h e  ful l  raluc so derived from the  Luunr Theorj. 

Specd in degrecs 
per u. 8 .  lrour 

2(r.98410.1.2 

30.0821372 

28.4397296 

29.5284788 

27.8953548 

28.5125830 

29.4,556254 

27'9682084 

Coellicicnt 

4 (1  -- $ e2) cos4 4 I 

4 (1  + $ i) 4 siuS I 

4.:e cos4 3 I 

4 . 4  e cos' 4 I 

x J ( l - l 2 t a u ~ ~ I ~ o s 2 ( ~ ~ - ~ )  j 

4 . y  P co$ 4 I 

i.l+Z me cos4 4 I 

4 .++ me C O S ~  4 I 

b . ~ a I " c o s 4  3 I  

Ini t ia l  

.- 

0 

00 

Menn 
Ynlne of 

Coefficient. 

45426 

.03929 

.08796 

.01257 

,01173 

'0123-1.t 
,01706 

::::;:+ 
.00736t 
.01094 

Argomcnt 
t + ( h  - v )  

-2 ( 8 - E )  + b~ 

+ 2 ( s - 6 )  - 1 7 .  
- 

- 2 ( s - E )  - (8 -p )  + 4~ 

- ( 8 - 6 )  + Q - 4 ~  
where tan Q= 4 tan ( p - 6 )  

+ (8-11) - i7r 

-2 ( 8 - 6 )  -2 ( s - ) I )  -I-  

- 2 ( s - 6 )  + ( 8 - p )  t 21r-28+4~ 

Coefficient 

(1 - $ u?) 4 sin I cos' 4 I 

Speed 

7-2'7 

7 + 2 u  

7 

y -3u+o 

7-0 

y+u-= 

y -4u+ 2 0  

y - 3 u - o t 2 q  

Jlenn 
TIIIIIP 

Corficient 

'18856 

I (1  + $ I - ? )  ) sin I cos I .18115 
-- Q I-. 

Speed in degrees 
per m. 8, lrour 

13.9430356 

16.1391016 

15.0410686 

13.3986609 

14.4.920521 

15 ' 585.l.KT3 
-- - 

12.8512HD2 

13.4715144 

( I  - c') 4 sill I sin? 4 I ,00812 

~ r ,  

$ P 3 'in I cos3 4 I I .0363l 

P \ sin I cos' 4 I .00522* 
I(: , + ; cos 2 ( p -  f ) ]  '016-19 

71 + P 4 5i11 I cos I 

r 
/ ,01485 
-- / y c 1  $ s i n  I ms' 4 I ~ 1 1 ~ 7  

- -. -- 

I 'i'2111r 4 sin I cos' 4 I j .00.?l'?t 

I "M);OX 
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[ B, iii. ] Zong Persiod Tides; Genel.al Coeficient = 4-Q si l~~A. 

* Indicntcd hg MSf as n eon~pouod tide. t T l ~ e  nlenn rnlue of this coellicicnt is 5 (1 + 4 e') (1 - Q sin2i) (I - -$sinxw) = .25, and  the ~nr inb le  
pnrt is npproxi~nntely - (1 + + sZ)  sin i cos i sin w cos o cos N = - ,0329 coa iy. 

1 The lower of these figures gives the rnlue n-hen the coefficients in  the Evection nud VarinLion hnre  their ful l  rnlues ns derived from tho Lunar  
Theory. 

Scl~edztle of Solnr Ticles. 

iJf a 
General Coefficient = 9 3 (i) u. 

Speed in degrees 
per m. s. lrotlr Name 

or  Initial 

* Included in Lhe ructeorologicnl lides of rigorous spccds 7 - 7  nnd 7, see Sec. 10. 

Coefficient 

Inilial Coeilicient 

Bpccd ACcan Value 
of Coefficient 

Mrn 

Evectional 
monthly 

* 

I l f  

Terrnei~sual 

Argument  

( l + + 2 )  f (I-+ sin2 I )  

3c $ (1 -+ sin2 I )  

'$Gnte f (1 - + sin") 

3 m2 f (1 -+ sin2 I )  

(1 -he3 4 sin2 I 

%e $ sin2 I 

Argu~nenL Vt,llle of 
Coefficient 

'25224t 

'04,136 

.00580$ 

.00755 

.004,22t 

.00621 

.07827 

.01516 

Speed Speed ill degrees 
per m. 8. Lour 

[C, i .  ] Senai-diurnal Tides; General Coeflcient = cos2 h. 

Of variable part is 
N,  the long. of node 

8-P 

- (s-p) + 2s-2h 

2 (s-h) 

2 (8-E) 

(3-p) + 2  (8-5) 

d" 1 19.34 per annurn 
dt 

r -  cr 1 0-5443i-k7 

o-2q+w 

2 (-7)) 

0.4715211 

1.0158938 

2t 

21 +2h 

2t - ( A  -pl) 

,21137 

.OM23 

.012-13 

S2 

K2 

T 

2a  1 1.0980330 

30 - w 1 1.642-l0i7 

T1 - (1  - ge,') 4 cos4 4o 

7' (1 + $el2) f sin2o 

3 a. $el cos4 4 0  

2 (7-9) 

2~ 

27 - 37) 

30~0000000 

30.0821372 

29.9ij8931~ 

27-7) OOli8 I 2 t + h - p l + r  R 30~04,10686 5 4. ie, c0s.I 4o 

[C, ii. ] Diurnal Tides; General Coeflcient = sin 2X. 

$1" 

-- 
P 

5 el 4 sin o cos2 4 0  
x J ; + + C O S ~ ~ , ,  

5 (1 -$el2) 4 sin o cos2 lo 
. 

K, ( (1 ++el2) 4 sin u cos u 

'00155 

.08ii5 

7-71 

7-27 

t+Q, - . t r  
where tau Q,= 4 tanp, 

l - h + + r  

,08407 
- 

[ C, iii. ] Long Period Tides ; Ge~reral CoeyjTcient = 4 -+ sin'k. 

15~0000000 

14.9589314 

7 t+A-4.rr 

S a* :I- 3e1 f (1-4 sin2 m) 

Ssa -3- (1 - +I?) + " 
T 

15.0410686 

.00589 h - ~ l  "l 0.0410686 

,03643 I 27) 1 0.082l372 
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Schedtile of Speed8 mad of Coeflcietzts ?:la terms of M,, K ,  or Mf. 

A tide of greater importance than some of those retained here is that referred to where the approxi- 
mation with regard to 1 was introduced, ciz., wit11 speed 2y + a - m ; the value of its coefficicnt is 
-00323. Therc is also tlie larger variational diurnal tide wl~ich has been omitted : it mould have a 
cot.fficient .00450; also an  evcctional termensual tide, nze sin2 I c o s  ( 3 ~ - 2 J ~ + p )  mith coefficient 
of maguitucle .00202. 2111 other ticles in  a complete clevelopment as far as the second order of small 
quantities, witlrout any approximation to tlre obliquity of the lunar orbit, would have smaller coeffi- 
cients than those comprisecl in the above list. Sacli a development was made by the late Professor 
J. C. ~ l d a m s ,  and thc values of all the coeficients computed therefrom, in comparison mith the above. 

9. 
Tides dcpe?zding 018 tlre Fosrth Power of  the Moon's Parallax. 

Specd in degrecr Tide 

nr, 28-9841042 i .ooooo K1 

The second term in  the expression for tlie'moon's tide-generating potential given in equation 
(2) t i t .  :- 

P = Cf p3 (5 coss . - t co, ,) 
r.L 

S, 
N 

K, 
v 

L 
T 
2N 

p 

X 

R 

d g i ~ e  the tidcs depending on the fourth power of the moon's parallax. 

Spced in degrees 
per ul. s. i ~ o u r  

15.0410686 

13.9430356 

14.0589314 

13.3986600 

143.-1,920521 

15.585-1.433 

16.1391016 

13'4715144 

12.8542862 

15~0000000 

I n  expanding this term, t l ~ c  eccentricity of the lonar orbit may be omitted ; and i t  mill appear below, 
when thc principal tenus are evaluated, tlrnt the declinational tides may be safely omittcd. Thus, for 
this npproaimntion, r = C,  = 0, and all terms in dIl  and J12 which involve q2 may be omitted. Just 
as the first term in the potential was expantled in spherical l~arnlonics of the  second order, if the term 
under considcration is expanded in spherical harmonics of the third order i t  becomes 

Tide 

~f 
Mm 
Ssa 

3 u - w  

Evectionalmoathly 

2 (u - q) 
Sa 

.CDcm'ient 
ln tcrlllB Of 

Kl  

1 .ooooo 

0.71096 

.33086 

.I3766 

.Of3217 

-05599 

.03062 

'02669 

.01836 

.00584 

Corresponding to these four terms there will be four tides of the types determined by these functions- 

0 

P 

1 Q 
M, 

1 J 

; 00 

30~0000000 0.46531 

28.4397206 1 m10363 

speed in degreca 
per in. a. hour 

1 .0980~30 

0.5443747 

0.0821372 

1.6424077 

0.4715211 

1.0158958 

0.0410686 

30.0821372 

28.5325830 

29.5284788 

29.0589314 

.COelIieicnt '" of 
11 I 

1 -0oo00 

0.52843 

-465& 

.19369 

.00646 

.0793.1. 

.07525 

.12662 

. 0 3 7 5 6 j  

.02767 

.OX36 

27,8953548 

27.9682081 

29.4556254 

30.0410686 

.02582 y- 3u - w + 27) 

1 .01108 / - 4u + 2 0  

.0072G 

.00392 
8 f3 1 

; 
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Now neglecting q2, 

Ml=pZcos(X-2)  and X2= - p z s i n ( X - l ) ,  

so t l ~ a t  

- 3 M l M ~ 2 = p o c o s 3 ( X - 1 )  and M ~ + M l M ~ = p 6 c o s ( x -  1). 

Also 

~ = 0  and f = c o s X ;  

so that 

6 3  - 3 b 2  = cos3k and f3 + 6 2  - 4t52 = cos A (1  - 5 sin%), 

and following tlie same procedui,e as before, the  height of the tide from the second term in  the 
potential becomes 

l6 when cos A = J15, that is when Now, cos A (5 sin2 A - 1) has its maximum value - 3J15 
X = 58" 64'; thus (37) may be written 

+ J16 cos A (1 - 5 sin2% J15 ( ) cosG f 1 cos [t + ( h  - v) - (s - [)I] . . (3 8) 

I n  this expl,ession there is tlie same gencral coefficient as before, and the spherical harmonics 
cos3 A, J15 cos h (5 sin2 A - 1 )  have the maximum value unity, tlic first a t  the equator ant1 tlie 
second in latitude 58" 54'. Tlie spccds of thc two tides are respectively 3 (y - u) or 43O.4761563 per 
mean solar hour, and (y - U) or l4".4920521 per mean solar hour. 

Tlie coefficient of the tide 3 ( y  - u) is cosG +I, and tlie mean value of this function multi- 

plied by cos 3 (v - f )  is -00699. 

The coc,fficient of the tide (y - u) is 3% J15 cos"I, and the mean value of this function 

multipliccl by cos ( v  - f )  is .00195. 

The expression for the tides is written in a form applicable to the equatorial belt bounded by 
latitudes 2Gc 34' N. and S., v k . ,  mllcre sin A =  $ JB. Outsiclc of tliis bolt what mPy bc called liigll 
tide mill correspond with lorn matcr, but tlic distribution of the land mill probably seriously disturb the 
latitude of evanescent tide. 

Comparing the mcan valucs of t l~cse two tidcs with what has gone before it mould appear tha t  
the terdiurnal tidc 3 (y - U )  or M3 is smallcr than somc of the t,ides that are neglected, but i t  is found 
with scarccly any trouble from tlie numerical analysis of t l ~ e  tit1:tl obscrrations, and is therefore still 
evaluated. The RI, tidc of vigovo~is specd (y - u)  is about tlie samc size as the tide of speed y - u - m ; 
thc former might I)c compounded with tlic lattrr  and with the tide of speed y - u + m but  the result, 
involving the latitude both in the cocficicnt and in tlie argument mould be cumbersome and lhe com- 
position has not hitherto been carried out. 
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10. 
dleteo~~ological Tides. 

A rise and fall of watcr due to regular day and night breezes, prevalent minds, rainfall and 
evaporation, is called n meteorological tidc. 

All tides whose period is an esact multiple or sub-multiple of a mean solar day, or of a tropical 
year are affectcd by n~etcorological conditions. Thus all the tides of tllc principal solar astrononlical 
scries with spccds y - 7, 2 ( y  - 7), 3 ( y  - 7), $c., are subject to more or less meteorological perturbation, 
and although the diurnal elliptic tide S, o r 7  - 7,  tlie semi-annual and annual tides of speeds 27 and 7, are 
all probably quite insensible as arising from astronomical causes, yet thcy have been found of sufficient 
importance to be included on the tide-predicter. 

The annual and semi-annual tides are of enormous importance in some rivers, and in such 
cascs the ter-annual tide 37 is probably also important, but no harmonic analysis has yet been mado 
for it. 

I n  t.he reduction of these tides, the arguments of t beS  series are t ,  2 t ,  3t, &c. ; and of the annual, 
semi-annual aud tor-anuual tidcs ?I, 2h, 3h. As far as can be foreseen, the magnitudes of these tides mill 
bc constant from year to year. 

TTlien a wnve runs into shallow water, its form undergoes a progressive change as i t  advances, 
t.he front slope generally becoming steeper and the back slope less steep. The most striking example of 
such a change is when the tide runs up a river in the form of a 'bore.' 

A mave which in deep water prcscnted an approximately simple harmonic contour, departs largely 
from that form wheu it  113s run into sl~allom water. Thus in rivcrs, tlie rise and fall of the water is not 
even npproniniately a sinlple haruionic motion. From the nature of l~armonic analysis i t  is, homever, 
possihlc to rrprcsent tlrc mot,ion by simplc l~armouic oscillations. For this purpose, i t  is necessary to 
introdace a series of o~cr-tidcs whose speeds are double, treble, quadruple the speed of the fundamental 
astronomical tide. 

Thc only tidcs, in which it  has l~ i t l~er to  been thougl~t necessary to represent this change of form 
in sl~nllon water, bclong to the principal lunar and principal solar serics. Thus, besides the fundamcntal 
astronomical tides N,  and S,, the over-tides &I4, &Io, MB and S,, S, have been deduced by harmonic 
analjsis. 

Tlic hcigl~t of the fundamental tidc 31: rarics from year to year, according to the variation in the 
obliquity of tbc lrinar orhit, and this rariability is represented by the coeficient cos4 +I. I t  is probable 
that the variability of N,, &I,, BI,, will be represented. by the square, cube and fourth power of that 
cocficient. 

Thc lam connecting the phase of an over-tide wit11 the height of the fundamental tide is unknom, 
and undcr tllcsc circumstances it  is only possible to make the argument of the ovcr-tide a multiple of the 
o r g u e n t  of tho fundamcntal tide, with o constant subtracted. If that constant is found to be the 



INVESTIGATION OF THEORETICAL EXPRESSIONS. 

same from year to year, then it mill be known that the pliase of an  over-tide is independent of the height 
of the fundamental tide. 

Schedule of Over-tides. 

The column of argumcnts, in  the above schedule, only gives that part  of the argument 
which is derived from theory, and the constant to be subtracted from the argument is derivable from 
observation. 

I t  is necessary t,o have recourse also to observation to determine whether the  suggested lam of 
variability in thc magnitude of the M over-tides holds good. 

Epeed in  degrees 
per m. s. laour 

57.0682084 

86.9523126 

115.9364168 

G0~0000000 

90~0000000 

When two waves of cliffercnt speccls are propngatcd in  tlic samc water, the vertical clisplacement 
a t  thc surface is generally determined with sufficient accuracy by summing the displacements due to 
each wave separately. If, lion.cver, tlic height of each \rave is not a small fraction of the depth of the  
water, tlic principle of superposition leads to inaccuracy, and i t  bccomes necessary to take into account 
the squares and products of the displacements. 

Speed 

- 4.m 

Gy - 6u 

8~ - 8u 

47 - % 

67 - 67 

The consideration of tllc products of the displacements clue to each tidc gives what is known as  
compound tides, and tliese are found to be of consitlerable importance in  estuaries. As each of these 
prodnets contains two cosines rnult,iplied together, wliicl~ may further be exl~ibited as the sum of t v o  
cosines, each product \rill give risc to two compound tides whose arguments arc respectively the  sum and 
the diffcrencc of tlic argumcnts of the interacting waves. 

Argument 

+ 4 ( h  - Y) - 4 (3 - 5) 

Gt + 6 (h  - v) - G (s - E )  

8t + 8 (h - v) - 8 (s - 6) 

4.1 

61 

Tido 

RS, 

RI, 

Al, 
-- 

s, 

So 

Probably tlic best way of searching a t  any station for the compound tides which are likely to be 
import,nnt, is to take thc scmi-rnngcs of the five or six largest tides a t  that station, and to form index 
nuiuhers of importance 1)y multiplyil~g t11c scmi-ranges togetl~cr two and two. IIaving selccted as 
many of these combinations, in tlic order of importance, as may be t l~ought expedient, the arguments 
of the conlpound tides are to bc found by adding and subtracting the  arguments of the  components 
takcn in pairs. 

Cooficient 

(cos4 4 I ) V t  

(cos4 $ I ) 3  

(cos4 II).' 

1 

1 

I n  the gencral casc, i t  is only possible to take the tides mllich the previous schedules have sllown 
usually to be large, and to form a List from these. The tides selected here are M,, K,, S,, 0 and N, to  
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which are added M, and 8,, although it is not possible to affix index numbers to combinations involving 
them. 

Schedule of Speeds avisijlg ozct of Combi~zntions. 

This scl~rdulc givcs the speeds of the compound tides, and in many cases i t  mill be observed 
that tile compound tide itself has a spred identical with that  of an astronomical or meteorological tide: 
t l~esc cases are intlicnted by the ndclition of the initial after the speed in question. I t  thus appears from 
the scliedulc that t11e tides 0, K,, Mm, P, M,, Mf, Q, AT,, L are liable to perturbation in  shallow water. 

o 

3y - 29 2y-2u(JII) 
y - 27 (P) 2u (JIf) 

3y-20-27 
y+Pu-27) 

0 

N - - 
- I 

If eithcr of the component tides or both be of lunar origin, the height of the  compound tide mill 
change from year to jenr, and mill probably vary proportionally to the  product of the coefficients of the 
component tides. 

As in the cnse of the over-tides, the  lam of variability of the amplitudes of compound tides in 
rarious years is o~l ly  to be tested by observation. 

N 

+ - 5 u + o  
u - o (Mm) 

3y - 3u + w 
y - 3u + = (Q) 

47 - 3u + o - 27) 
3u - w - 27) 

37 - 5u + w 
y - u + .o (All) 

- 

The follorring scllcdule contains twelve of the  most important compound tides, those which are 
a t  prcsent reduced being denoted by initials. 

Scliedtcle of Conrl~olr~ad Tides. 

nr,, 

- 
5 y - 4u 

37 - 4,u (bis) 

6y - 4,u - 27) 
2.1 - 4,s + 27) 

5y - 6u  
3y - 2u (bis) 

6 y - 7 u + o  
2 7 - u - w  (L) 

8 4  

67 - 2u - 
27 + 2u - 4q 

57 - 41 
37 - 47 
- 

6y - 2u - 4q 
3y + 20 - 4q 

6 y - 3 u + o - 4 q  
2 - y + 3 u - w - 4  

Ilrdrx n f  
I ~ ~ ~ p o r t ~ n c o  

1205 
- 

960 

9GO 

857 - 
561 

100 

390 

399 

- 
A 

- 
- 

Gpecd 

{ Sy - 2,, } 
.by - 2~ - 271 

2u - 27) 

{ 3 , - 4 ~  

37 - 27) 

4 . ~  - 5~ + o 

37 - 2u - 27 

y + 2u - 21 

3y $ 2u - 47 

6y - 2u - 4q 

27 - 4, + 21 

6.y - 40 - 2~ 

Speed In dcgrees  
p e r  n~ s 11o11r 

41.0211728 

58.9841012 

1.0168958 

42.9271398 

45.0410686 
-- 

57.4238338 

43.9430356 

16.0509644 

31.0158958 

88.9811042 

27.9682084 

87'9682084 

In111nl 

nI,K, 

31 s 
hISE 

2JI,K1 

A 

nr ,N 
- 
A 

2SJI 

- 

AI g ~ ~ n i c n t s  
r o n ~ b ~ n c d  

312 + Kl 
a1, - o 
--- 

31, + S ,  

S, - 31, 

31, -I 0 
nr, - K ,  

S, + K, 

31, + N 
S, + 0 

S3 - 0 

S,  - 31, 

31, + S,  

p or2JIS / 31, - S ?  

- 31, + s ,  
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I t  mill be noticed that in two cases an over-tide of one speed arises in  more than one vsy, and 
accodingly different parts of i t  l ~ a v e  different arguments and coeficirnts. I n  tllcse cases, the utilirstion 
of the results of one year for prediction in future years can only be made by dividing u p  the compound 
tide into several parts, according to its tlieoretical oripin. I n  order to do this i t  is necessary to know the  
law which connects thc l~cigllts of a summation and a difference conlpound tide. A like difficulty 

arises from the fact that MSf and 2SM are also variational tides. 

I n  practice, however, tlie compound tide will generally be so small, that  it may probably be 
treated as though i t  arose entirely in one may, and accordingly the tidcs 3y - 2u or RC,I<, and 3 y  - 4u 
or 2R1,R1 are treated as thougll they arose entirely from 11, + K, and $1, - K, respectively, and 1lSf 
and 2SM as though they mere entirely compound tides. 

General Jfethod of Reduction of Tidal Obsevantions. 

As mill be seen a t  the end of tlie next chapter, the printed tabular fornis, on which the numerical 
haYmonic analysis of the tides is carricd out, are arranged so that the series of ol~servations to be analysed 
is supposed to begin a t  noon, or 0'1, of tlie first day, and to cxtend for a year from that tirnc. I t  ha\ not 
been found practicable to arrange that the first day shall be the samc a t  all the ports of observation. 

The tidcs for which the reduction by harmonic analysis bas been carried out are as follo~rs :- 
S,, S,, S,, S,, S,, Mi, 112, M,, 311, If,, Ma, 0, Ki, K2, P, J, Q, L, N, A, v, p, R, T, AfS, 2SBI, 2N, 112N, 
M,K,, 2M,IC,, 11m, Mf, MSf, Sa, Ssa: of these tlie tidcs S,, S,, S,, R!,, JI,, &I,, A, It, Mm, Rlf, IISE arc 
not a t  prescnt used in predicting the tides. 

Supposing 12 to be the spced of any tide in degrees per mean solar hour, and t to be mean solar 
time e laps i~g  since 0'' of tlie first day, then tlic iinincdinte rcsult of tllc Iiarmonic annlj-sis is to oIjtain 
A and 13, two heights, estimated in feet and tenths, sncli that the height of this tide is given by 

A cos nt + B sin ~zt. 

The q~lestion tlirn arises as to what furthcr rcductions i t  will be convel~ient to make, in order to 
present tlie results in thc most courcniellt form. 

First.ly, let R = C+T and tan l; = n 
il ' 

then tlie tide is rcpresentcd by 
R cos (llt - 5 ) .  

5 I n  this form, R is t,lic semi-range of tllc titlc in Britisli feet,, and [ is an angle sucli tllat is the 
I* 

time clapsiq  aft,c.r 0" of t l ~ r  first dsy, until i t  is Ilig11-water of this particular tide. I t  is obvious t l lnt  6 
m:~y liavc ally value from 0" to 3(i0°, nut1 tllat the rcslllts of t l ~ c  analysis of successive years of observa- 
tion will not 1)c c:ompar:tble with onc aiiolhcr, wlrcn prcsentcd in tllis form. 

Secondly, lct the rcsults of tlie analysis he prcscntcd in n number of tcrms of tllc form 

f H c o s  ( P + ~ L - K ) .  

Hcrc, Y is a linear function of the moon's and son's mcan longitudes, the mcan longitodes of the 
moon's and sun's pcrigces and tlic local mcan solar time a t  tllc place of obsrrration, reduced to angle a t  
16' prr hour. Pincrca.rs unironnly nritll tlie time, and its rate of increase pcr menu solar llour is the f i  

of thc first ructliod, or tlic speed of the tidc. 
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It is supposed that 16 stands for a certain function of the longitude of the node of the lunar orbit 
a t  nn cpocll half a year later than 0" of the first day. Strictly spealiing, it should be taken as this same 
functioll of the longitude of the moon's node, varying as the node moves; howevcr, as the variation is 
but  slnall in t,llc course of a year, 16 may be treated as constant and put  equal to the average value for the 
Scar, and for tliis, the true valne of ZL a t  exactly mid-year is used. Together P + u constitutes that 
functiou which has been tabulated as ' tlie argument' in  the schedules. 

Since P + 11 is thc whole argument according to the equilibrium theory of tides, with the sea 

cover in^ tlic whole earth, i t  follows tliat is the lagging of the tide which arises from kinetic action, 
18 

friction of the water, imperfect elasticity of the earth, and the distribution of the land. 

I t  is supposed that 11 is the mean value in British feet of the semi-range of the particular tide in 
question, nud f is n numerical factor of augmc~~tat ion or diminution, due to tlie variability of the obliquity 
of tllv lu l~ar  orbit. The valuc of f is the ratio of the quantity in  the column of coefficients of the preceding 
scheclulrs to its menu value, and the general luethod of determining it mill be given i n  Section 18. 

I t  is obvious, t l~cn,  that, if the tidal observations are consistent from year to year, H and K should 
collie out the same from each year's redactions; and i t  is only when tlie results are presented in such a 
for111 as tliis, tliat i t  mill be possible to judge whether the llarmonic analysis is giving satisfactory results. 
This morle of giving the tidal rcsults is also essential for the use of the tide-predicting machine. 

I t  is clear t h t  H = E, and that, if Po be the r d u e  of V a t  01' of the first day, 
f 

- r ; =  P o + u - K ,  

so that K = 5 + Po+ Z C .  

T l ~ u s  thc rule for the determination of K is :-Add to the value of 5, the value of the avgument a t  
0' of thejirst  day.  

The above statement of procedure is applicable to nearly all the tides, but  there are certain tides 
ais., K, and K2, mhicl~ Lave their origins jointly in t l ~ e  tide-gcnerating forces of the moon and sun, and 
also t11c tides L and AI,, which are rendercd complex from tlie fact that the tidal analysis only extends 
ovcr a jear. These tides require the special treatment which mill now be indicated. 

Special Treahzetzt of the Tides K, and K,. 

Thc schedules B, ii. and C, ii. givc the expression for the E, tide of luni-solar origin in  the form 

M c o s ( t + h - + r - v ) + S c o s ( t + h - i s r )  . - (39) 

where M, the lunar coefficient, is (1 + -:- e2)+ sin I cos I, 

and S, the solar coefficient, is TI- (1 + 4 el"+ sin o cos o, 

thc general coefficients being left out. 

It then, 
s o  9 n2 = 51' [I  + (-J+ 2 COs v 

sin v . (40) 
and tan = - - S 

cos v + 31 
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the resultant tide may be written 
R cos ( t  + JL - 4 a - v' - K), 

the transition to tlie actual case being effected by the introduction of K. 

If h, be the sun's mean longitude at  0'' of the first day, t + h - h, is equal to y t, where t is now 
mean solar time measured from that 0" and not reduced to anglc ; so that if 

(= K + + r  - JA~)  + v '  . (41) 
the expression becomes 

R cos ( y  t - 0, 
mhicll is the form in which the result of harmonic analysis for the total K, tide is expressed in the 
first method. 

From (41) ~ = ~ + ( A , - + r ) - v '  . (42) 

I n  this formula, h, - 4 IT is Po for the solar K, tide, and V' is a complex function of N, the longitude of 
the moon's node, to be computed from the second equation of (40). 

I t  now remains to consider the cocficient f. 

If M, is the mean value of the lunar K, ticlc, it will be shown in Section 18 that 

11 - sin I cos I -- r, sin w cos o (1 - $ sin2 i) ' 

also the ratio of M to S is according to theory 
M - 7 (1 $ 2: ez ) sin I cos I 
- - 
S 7, (1 + Q elZ) sin o cos w ' 

Now if R, be the mean value of R, i t  mill be shown in Section 18 that 

R, = the part independent of N in the expansion of R cos v'. 

But 

so that 

S 
cos v + - 

COS v' = &I 
S 

~ 1 + 2 0 . 1 c O S V +  (3'1" 
therefore R cos v' = M cos v + S. 

NOW, as will be shorn in Section 18, the part independent of N in the expansion of P cos v ie 
M,, and in S is So, 

so that Ro = MO + So ; 
therefore 

wherc 

and S So sin o cos o (1 - 3 sin? i) 
% = ~ i  sin I cos I 
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Following the same process in  regard to the  luni-solar tide, it will be found that it may be 
written 

R cos (2t  + 21b - 2v" - K), 

where 

and 
sin 2v 

tan 2v1' = S '  cos 2v + - n!t 

and it follows tha t  f = 
nil, 

where 

and S So sin' o (1 - 4 sin2 i) --- 
Y - M, sin" 

8 
The numerical value of 2 both for K, and K2 is -46407. 

Mo 

Special l'~~ecitmetzt of the Ticle L. 

I t  does not seem to be possible to bring the rule for the reduction of the L tide into an absolutely 
rigorous form, and the method must be looked on as a semi-empirical one, invented to take some account 
of perturbation. 

It appears from the schedulc B, i. that this tide is proportional to 

C O S ~ ~ I  J 1 - 1 2 t a n g + ~ c o s 2 ( p - f ) ~ o s [ 2 t + 2 ( ~ - v ) - 2 ( s - ~ ) + ( s - p ) - ~ + ~ - ~ ]  . (45) 

mhere 
sin 2 (P - f )  

tan R =  Q cot' + I  - cos 2 ( p  - 0' 

The tide is now only approsimately harmonic and the amplitude is variable. I f  the part under 
the  root were unit)- and 22 = 0, the expression would represent the pure L tide : hence, if in analysing over 
the period of a pear, a mean value is assignrd to R as a constant, and a mean value to the part under 
the root alqn as a constant, some account will have ljeen talten of tile perturbing term. Consequently, 3 
must bc consr~lered as forming part of the function 16 for rnl~ich the mean value is to be taken; and  
nlt llou~11 this !ray of looliing a t  it is not very satisfactory, seeing thatp increases by nearly 41" per annum, 
j e t  it is prncticallp sufficierit for a small tidc like L. 

If then, P is takcn as the  longitude of tlie perigee a t  mi(l-Jear measured from the intersection, 
aud I2 is computed from tlie formula 

sin 2 P  tan = -- '- -'d coL2 +I - cos 2P 

the treatment will bc the aame as in all tlie other cases, if t l ~ e  argument P + zc is taken as 

2 1  + 2  ( h - v )  - 2 ( e - f )  + ( 5 - 1 ) )  - R+n.  
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The factor f will be found, by considering the part under the root as unity, to be, 

c0s4 +I  
COslf a cos,l 4i J 1  - 12 tan3 f I cos SP' 

Special Treatment of the Tido M,. 

The procedure in regard to this tide must also be looked on as semi-empirical ; and here it is of 
even less importance to be correct, as the true lunar diurnal tide depending on the fourth power of the 
moon's parallax has been neglected. 

Reference to schedule B, ii..shows that this tide is proportional to 

sin Icos2 * I  J+ + 4 cos 3 ( p  - f )  cos [ t  + ( h  - v) - ( s  - f )  + Q - 4 T .- K ]  . (47) 

where tan Q = +tan  (p - 0. 
As before, Q must be considered part of the function zc for which a mean value is to be taken, the 

remark made, about R applying equally to it. 

Thus Q must be oomputed from the formula 

tan Q = +tan  P . 
the argument 7 + zc being 

(48) 

t +  ( h  - u )  - ( s - f )  + Q - + 7 r ,  

and the factor f being 
sin I cos2 +I  J ~ X P  . sin o cos"a cos 'q i  

Through an oversight in the original computations, the quantity Jz was left out, and the factor 
sin I cos2 1 I 

introduced into the computation forms as G C G s n  d? + : cos aP . As i t  is a matter of in- 
dBerencc for tlic practical prediction of thc tides what factor is used, this value bas been allowed to stay 
both in the forms and in the remaining chapters of this volume. 

Nethod of cognpzcting the Arguments and Coeflcie?zts. 

I n  performing the rcductions of the preceding pages, a number of numerical quantities are required 
which arc to bc derived from thc positions of the heavenly bodies. 

It1 tllc accompanying figurc, 

and tlic nnzlcs at T, 52 and 1 arc now m, i and I respectively. 
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The usual formulae in spherical trigonometry consequently give 

cot ( N  - ()sin N = cos Ncos i + sin i cot w 

cot v sin N = cos Ncos w + sin w cot i * (50) 

cos I = cos i cos w - sin i sin w cos N 

so that if /3 is an auxiliary defined by tan P = tan i cos N . (51) 

then cos I= cos i secPcos(o + P) 

sin v = sin i cosec I sin N (52) 

sin ( N  - c )  = sin w cosec I sin N 

a table of values of f,  v, I for every half degree of N with o = 23" 27l.3 and i = 6" 8l.8, is given at the 
end of the next chapter. 

On the Mean Values of the Coeflcients in ScheclzcZes [B]. 

I n  the three schedules B, i., B, ii., B, iii. of the lunar tides, the coefficients are certain functions 
of I, and there are certain terms in the arguments, which are functions of v and f. All tliese terms may be 
typified by J cos (2' + zc), where J is a function of ' I ,  and u of v and f. If the values of J and zc are 
substituted in terms of W, i and N a n d  the result developed, a series of terms is obtained in wl~ich one is 
independent of N. Now, i t  is shown in what follows that the part independent of N in J s in  u is zero, 
and in Jcos  16 is J,,  say ; therefore the part independent of N in the expression Jcos  (T + u) is J,cos I: 
so that J, is the mean value of the semi-range of the tide in question. 

A reference to the scl~edules shows that the following values of Jcos  u are required :- 
c o s 4 ~ I c o s 2 ( v - 6 ) ;  sinVcos2v; s inIcos2+.Icos(25-v);  s i n I s i n + I c o s ( 2 5 + v ) ;  

sin I cos I cos v ; sin2 I cos 2 5; 1 - Q sin2 I, 

with corre~po~ding values for  sin 26. 

Now let P=COS+W, p = c o s + i ,  Q = s i n + w  and q = s i n + i ,  

and let B = Pp - Qqe~J--i ,  K = Qp + PqeNJq,  

r1 = Pp - Qqe-Nm,  K~ = Qp + Pqe-nJ3 .  

Then sin I cos(N - 5 )  = sin i cos o + cos i sin w cos N 

= 2 [(P3 - Q2)pq + P Q  (p2 - q2) cos N], 

and s in I s in (N-  6) = 2PQsinN. 

eo tllat 

Therefore sin 1el.v- f l  J-' = s inI  {cos (N - 5) + JZ sin (N - f) ) 
= 2 [(P2 - Q'?)pq + P Q  (p2 - q2) cos N + P Q  (p2 + q2) dr1 sin Nl 
= 2[(P2 - Q71,q + PQI,"N JT - pQq%-NJ=T I 
= 2 [Pq (PI, - Qqe-NJ-I) + Qp ( P p e N G -  Qq)] 

= 28,  [Pq + QpeNJrl] 

= 28, K ,  exJ- 

sin I e - ' J r l =  2 H ,  K~ ; 
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again sin Ices v = sin co cos i + cos o sin i COS N 

= 2[PQ(p2 - q2) + p q ( p -  Q2)c08NIs 

and sin I s in  v = 2pq sin N; 

so that similarly sin Iew J=i = 2s, K. 

Also cosI=cos  o cosi - s i n o  sin i c ~ s N  

= (P" QQ2) (p2 - q2) - 4PQpq cos N 

= ~ % 2  - ~ 2 ~ 2  - Q2p2 + Q2q2 - 2 PQpq (e * +'- + e e ' R G )  
- - s s I - K K 1 ;  

and n s l  + K K ~  = P3'+ Q2q2+ Q%2 $P2q2 

= (Pa + Q2) (p2 + q2) 

=l ;  

therefore 2 c o s 2 ~ I = 1 + c o s I = 2 1 r l r l  

or c o s 2 + I = s n 1  and ~%+I=KK,. 

Now sin21e(u-adz = 4 4 P , 2 ~ ~ ~ ,  

SO that e ( v - t ) ~ ~ ~  = 3 . 
8 '  

e ~ ( v - # ) J T + e - ~ ( v - t )  4-7 s4++14 
therefore cos2(v - 1') = - 

2 
- 

27T=s,2 

or c o s 4 + I c o s 2 ( v - [ ) = + ( s 4 + l r 1 4 )  . . . ,. ( i )  

Again e v J = i  - 2s1 K - 
sin I 

2/<~ ; 
77 K1 

therefore cos 2~ = w , ~  K= + $ 
27r7T1KK1 

or sin2 Icos 2v = 2 (n2 K,I + lr12 2) . . (ii) 

Similarly sin I cos2 + I cos (2 f - v) = 19 K + s,9 K, . . (iii) 

sin I sin2 + Icos (2 (+ v) = s K9 + s1 KIS . . ( iv)  

and 

sin Icos I cos v = ( s  K, + n1 K) (lr lrl - K K ~ )  . 0) 
sin2 I cos 2 [ = 2 (9 K~ + s12 K?) . . . (vi) 
~ - % s ~ ~ ~ I = ~ ~ T ~ ~ - ~ T T ~ K K ~ + K ~ K F  . . (vZ) 

Now =+=P4 p 4 -  4,3p3QqeN JZ + 6p212Q2q2eZh'JT - 4Pp Q3p3e3NJ=T + Q4q4e4NJT, 

and s14= same with written for e N a ,  

therefore + (s4 + s14) = P p 4  - 4P3p"q cos N+ 6P%Q2q%os2N- 41pp Q3q3 cos 31V+ Q'q4 cos 4N, 
so that thc part independent of N in (i) is Pbp4 or cos4 40 cos4+i. 
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Again s, K = PQpB - PQqB + P%qeNJzl - Qpqe-lPfi, 

and alB 18 = P2Qs (p9 - q2)2-2P2Q2p2q2 + 2 P Q  (p2-q2) [P%qd+'=i - Q$qe-N.Ci 1 
+ PQp2q2eWG + Q4peqse-md3, 

and ?,a = same with e-NGl written for eNJz, 

so that the part independent of N in (ii) is 

4PaQ2 { (p2 - q2)% - 2p2q2j, 

or 4P2Q2 ((p2 + q2I2 - 6p2q2), 

or sin2 w 11 - Q sin2 i). 

Similarly, the part independent of N in (iii) is 

2P3p3 Qp or sin w cos"w COP +i ; 

and in (iv) is 2 Q3p3Pp or sin w sin2 +w cos4 +i. 

Again a K, + s, = ~ P Q  (p2 - q2) + ( p 2  - Q ~ )  ~qe"+'~ + (P2  - Q2)pqe-RJ3, 

and ssl - K K ~  - - (p2 - Q?) (p2 - q2) - 2 PQpqeNJ3 - 2 P  QpqemNJJ ; 

therefore the part independent of N in (v) is 

2 P Q  (P2 - Q2) (p' - q2)' -'QQ (P2 - Qa) p2q2r 

or 2 P Q  (P2 - Q2) (1 - 6p2q2), 

or sin w cos o (1 - $ sin2 i ) .  

Again = P Qp2 + (P2 - Q3) pqeNJT - P Q q2ezNJ-.1, 

0, K, = same with cNfi for erJ-', 

therefore the part independent of N in (vi) is 

4P"&?1)' or sin2 w cos4 ii. 

Again ? i L I T 1 2 - ~ ~ F I T ~ K K ~  + K ~ K ~ ~ =  1 - 61TITlKK1 

But s K = PQp2 + (P2  - Q2) pqeNJx - PQq2e2Nfi, 

and 0, K, = same with e-Nfi  instead of eN./a, 

thcrcfore the part independent of N in (rii) is 

1 - 6 (P'Q?)" + (P2 - Qe)?p2q2 + P9Q?q4], 

which reduces to 

(1 - # sin") (1 - 4 sin2 i). 

Proceeding in a similar manner, it will easily be scen that the parts independent of N i n  the 
expressiolls cos4 4 I sin 2 ( v  - 6 )  ; sin' I sin 2 v ; sin 1 cos" I sin (2 f - v )  ; sin I sin2 4 I sin (2 6 + v )  ; 
sin I cos I sin v and sin" sin 2 6 arc all zero, so that the mcan values of the semi-ranges aro as given 
above. 
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As then f is the ratio of the mean valuc of a coefficicnt to the coefficient itsrlf, and the mean value of 
1 

the coefficients have just been found, i t  follonrs that thc various values of , mllicl~ are required are :- f 

c0s4 + a) c0s4 3 i . (ii). sinZ u (1 - 52 sin2 i) 
-- 

sin o co.? + o COS+ $ i . ; (iii). ------------, 
( 1  cask; 1 sin" sin I cou: 1 

sin o sin2 4 o cos4 + i sin o cos o (1 - + sin2 i) sinc w cos" Qi . 
( )  Sin I sing t I ; (v>. ; (vi). 

sin2 1 sin I cos 1 
9 

(vii). (1 - + sin2 o) (1 - $ sin2 i) 
- ; (viii). la4Gi07 k, 

1 - 3  
where 

sin2 I J{1+ (0.46407 ~ ~ ~ ) L ~ . ' 3 2 8 1 4  Ic, cos 2v;' 

1 
It2 is the value of - in (ii) ; (ix). 

1.46407 k, 
f J{1 +(0.46407 x l ~ , ) ~  +).92314 k ,  cos v)' 

mhere Ic, is the ralue 

1 of -- in (v), the two latter being for the K, and K, tides respectively. 
f 

The angle I ranges from 18" 18"5, mhen i t  is o - i, to 28" 36'.1, mhen i t  is o + i, and tables have 
1 been constructed giving - and f for every OO. l  betwcen these limits. 
f 

Tllc coeficients for the over-tidcs and compound tides mag be found from tables of squares and 
cubes, and by multiplication. 

Evakution of the Qtbafttities s, p, h, p,, aad N. 

The quantities s, p, h, and N required in the calculations of the arguments and coefficients may 
be computed from the formuls given in the preface to Hansen's Tables de la Lurze, page 16. Tliese are 
for 0'1, January 0, 1800 :- 

t 1800 t-1800 =110° 19' 33".64+ (13 x 300°+331168".3715) (I-1800) +19".435 (I--) +0".050073 (---)3, 
100 100 

tvhcrc g and g' arc tlte mcan anomalies of the moon and sun respectively, o and o' the distances from 
the moon's and sun's perigees to tlle ascending node, B the supplement of the longitude of the ascending 
node, and t the time in Julian years of 366i days; 

so that 
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Tl~csc fornlnloe when reduced to a more convenient epoch and to forms appropriate to the present 
inrcstigation bccome 

s = 160".0410 + [13 x 360" + 139".G'i900] T + 13"-1764 D + 0°*54001G5 IT, 

p = 2.kO0~G32!? + 4~0°%0035 1' + 0°.1114 D + 0°.0046418 2T, 

Ir = 2SO".52S7 + 360°.00769 T + 0°.0S3G D + 0°~0410686 IT, 

11,  = BSO" Si4S + 0"~Ol'i l l  T + O"~000017 0, 

.A- = B S ~ @ . D . ~ G D  - 10°.3k1-$6 T - 0°.0520540 0, 

where T is the nnn~ber  of Julian years of 3G5a mean solar clays, 

D tlie number of mcau solar dnys, 

V tllc nutmber of Incan solar l~ours,  

after 0" Greenn-icli mean time, January 1, 18SO. 

From thesc coefficients i t  appears that 

For the purpose of using tlic forms for t l ~ e  linrmonic analysis of the tidal observations, tliese 
foisrnnl:c may be rcduccd to yct more co~~vcliicllt and simple forms. 

Tlie mcnn 1-alues of N n u d  p ,  are rcquircd and, for the  treatment of the L and M, tides, the 
mcnn valuc of 1) - t d e ~ ~ o t c d  by P. 

Half the coefficients of T mny therefore bc added once for all, and thesc three quantities written, 

whcre T is simply tlie nnmbcr of pears, mlletber there be leap-years or not among them, since 1680 and D 
the ni~lubcr of dags from January 1, numbered as zero, up  to the first day of the year to be analysed. 

Son- suppose, d to dcnote the number of quarter days, either one, two, or tllree in  excess of the 
Jlllinn years, whicll hare  clnpscd since Oh January 1, 1880 up to Oh January 1 of the year in question ; let 
D dcuote tlie same as before, and let L be t l ~ c  east longitude of the place of observation in  hours and 
decimals of hours, then thc formuln: give for s,, p,, h,, the valucs of s, p and h a t  0'' of the first day, 

a,, = 160".0410 + 132°.G7000 T + 3°.20k10 d + 13O.17G4 D - 0°.64002 L, 

p, = 2LOn.G323 + 40°.G0035 T + 0°.0278ii d + 0°.1114 D - 0°.00k61 L, 

h ,  = 28Om.62S7 + 0°.007G9 T + 0°.246L1 (1 + 0°.0S5G B - 0°.04107 L. 

I n  tliasc formuln, T is an integer, hcing tlie csccss of the year in question above 1880, nnd d is 
to be determined thus :-If the exccss oE the ycar above 1880 dividcd by 4 leaves remainder 3, d is 1 ; i f  
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remainder 2, i t  is 2 ; if remainder 1, i t  is 3 ; and if remainder zero, i t  is zero. For example for 1895, 

2' = 15, d = 1 ; bccause from 0'1 January 1, 1880 to 0" January 1,  1803 is 15 Julian years and a quarter 
day. For all dates after February 28, 1900, one day's motion must be subtracted from 8,, p,, ir,, p, and 
P + [, and one day's motion added to N. 

The terms in L may be described as corrections for longitude : the multiplc of 3G0° mllich occlirred 
in s and IL are olnittcd as T is cssentinlly a11 integer. If i t  be preferred, t l ~ e  values of so ant1 X may be 

extracted from t l ~ c  ATatdiccil Al~rt,u7lclc, and Ito is (nc,glecting nutation) t l ~ c  sidereal time reduced to a~igle. 
Also 21, can bc taken from the tables in Chapter VII ~rhich  are reprinted from those given a t  pages 209 
and 300 of H:tnscn's l'cibles c2e la Lzcne. 

The results of tlie various kinds of tides are scattered tlirougllout the preceding pages, and it  will 
thercfore bc convenient to collect them together. I n  order to present t l ~ e  results in a form convenient for 
compl~tation, each argument is given by reference to any previous nrgnment ~vliicll contains the same 
element. I n  t l ~ e  follorring schedule Arg. M, and Fac. M, (for example) nlean the argument and factor 
computed for the tide M,. 

Scl~cdule of Au~zw7~eats cit 0'1 of the First Dny, und Pc~ctors for  the Znszci~zg Year. 

Fnctor for Rcduclion. 
1 -- 
f 

unity 

unity 

unity 

Fac. 0 - J $ + + cos 2P 

("do c"""')' 
cos J I  

(Pnc. 11,); 

(Ihc. BI,)" 

(Fac. 

(Fac. iJI,).l 

1.46-1,07 k 
-~ - - 

J { 1  + (.4CiJ x k)% -928kcos2v) 
sin' o (1  - 3 sille i) wl~cre k = :! 

sill'" 

1 .4,C,-107 k 
J { 1  + (.46.4 x 10% ,928 k cos v) 

sin 2 0  (1 - + sine i) rlicre k = 
sill 21 

Pnc. h1, 

Fnc. M, 

Tido 

s, 
S, 
s3 

s4 

P 

T 

11, 

nr, 

3 4 

AI., 

nr, 

If, 

I& 

K 1 

N 

2 N 

- 

Initial Argomcnt. 

r, + u 

zcro 

- h, + $r 

- (ho -14 

(It, - v) - (ao-5) + Q - ts, wl~ere tan Q= 4 tall P 

2(7t, - V) - 2(so - 5) 

$ Arg. 11, 

2 Arg. AI, 

3 A r g  nr, 

4, Arg, $1, 

2h, - 2vN, where tan 2v1'= 2v 
cos 2v + . JG4 x k 

h0 - v' - t.lr, where tan v'= sill v 
cos v + .4,(54 x k 

nrg. 11, - (s" - 1>0) 

Arg. N - (so - p") 
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Inilinl Argnmcnt. 

ro + 
Foclor for Redection. 

1 - 
Y 

- 
Arg. &I, + (so - po) 2ho - 2so Fnc. Ma 

I 

l L l  Arg. 31, + (so -p,) - R + s 
where tan R = sin 2P 

; cot2 ar - cos 21-3 

sin w cos"w cos4 $i --- 
sin I cos' 4 1  

Fac. M, - dl - 12 tan2 t Icos  2~ -1 
sin w s inqw cos4 ti 

sin I sinP 4I 

Fac. 0 

sin 2 0  (1 - + sin2 i) 
sin 2 1  

l'nc. M, 1 Arg. M, 

p or 2 JIS 

2s 32 

JI:Ii, 

1 21I2KI 

2 7  - Arg. 31, 

Arg. 11, + A1.g. K1 

Arg. 31, - Arg. K1 

Fnc. 32, 

Fac. M, x Fac. K1 

3IJ 1 Arg. A13 + Arg. N I Fnc. I[, x Fac. N 

JISE 2 7 ~  - Arg. 32, Fnc. M, 

(1 - + sin") (1 - + sin'i) 
1 - + sill2 I 

sin" ccos4 ?i 
sin2 I 

I 

unity 

Ssa I unity 
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DESCRIPTION OF THE NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

iUeasuren~ent of the Heights of the W a t e r .  

The tide-gauge gives a graphical record of the height of the water above some known datum for 
every instant of time. The first operation performed on the tidal record is the measurement, in feet and 
decimals, a t  every mean solar hour of the height of the water above the true zero of the gauge, the 
height of which relatively to the datum is known. The period chosen for analysis is about one year, 
and the first measurement corresponds to noon, but i t  has been found inconvenient hitherto to have the 
same initial noon at the several ports. 

It mould seem, at first sight, preferable to take tlie measurements at each lunar hour; but the 
whole of the actual process in use is based on measurements taken at the mean solar hours, and a change 
to lunar time would involve a great deal of fresh labour and expense. 

The process used in reducing the short-period tides differs entirely from that employed for the 
long-period tides. 

Short-pe~iod Tides :-Ma~z+ulation of  the Measurenzewts. 

If T be the period of any one of the diurnal tides, or the double period of any one of the semi- 
diurnal tides, i t  approximates more or less nearly to 24 mean solar hours, and if i t  be divided into 24 
equal parts, each part may be spoken of as a T-hour, while for brevity mean solar time will be referred 
to as S-timc. 

Let it bc supposed, now, that thcrc are two clocks, each marked with 360' or 24 hours, and that 
the hand of the first or S-clock gocs round once in 24 S-hours, and that of tlle second or T-clock once 
in 24 I'-hours; and that the tn-o cloclis are startccl at  0" or 0'' at  noon of the initial day. For the sake 
of distinctness, let a T-hour be longcr than an S-hour, so that the 1'-clock goes slower than the S-clock. 
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Tile rueasurement~ of tlle tide-curve give the heights of tlie water a t  each S-hour, and i t  is required 
from these data to determine the hcight of thc water a t  each T-hour. For this end, i t  is necessary to 
couilt T-time, but i t  must be clone with refcrence to S-time, and moreover the  time must be specified as 
au integral numbcr of hours. 

Beginning, then, with 0'' of the first day, i t  is necessary to count 0, 1, 2, kc., as the T-hand comes 
up to its hour marks. But  as tlle S-hand gains on the T-liand, there will come a time when, the T-'.hand 
being exactly a t  t h e y  hour mark, tlie S-hand is nearly as far asp+-;. When, Ilowever, the 1'-lrand has 
advanced to t,llc p+ l  liour mark, thc S-hand will be a little hcyond p+l++,  that is to say, a little less 
tllnll linlf-an-Iiour bcforep+2. Counting, then, the T-hours in S-time, i t  is necessary to jump from p 
to p+3. Tbc counting will go on continuously for a number of hours nearly equal to 2p, and tlien an. 
0 t h ~ ~  llumber mill be clroppcd, and so on througl~ont the whole year. 

If the T-l~and went faster than the S-liand, i t  is obvious that one numl~er  mould be repeated at 
two snccessive hours instead of being dropped. Each such process may be described as a 'cl~augc.' 

Pu'om, if there is a sl~ect marked for entries of lleiglits of water according to T-hours from results 
measured in S-llonrs, the S-mcasurcrnents must be entered continuo~tsly up to p ; then comes a 'change' 
and tlie dropping of one of the S-series, after whicll tlle entry goes on continuously until another 
' change ' when anotl~er is dropped, and so on. 

Since a ' change' occurs 1~11cn a T-11our falls alnlost exactly between two S-hours, i t  will be more 
accwate to inscrt tlie two S-entries which fall on each side of t l ~ e  truth. If this be done, the ~ ~ l ~ o l c  of 
tlic S-serics of nieasurcmcnts will be entcrcd on the 1'-sl~eet. Similarly, if i t  is tlie T-hand which goes 
faster than the S-hand, a gap may be left in the T-series instead of duplicating an  entry. 

For the analysis of thc T-tide tlicrc is, tllcrefore, prepared n shect arranged in rows and columns: 
each row corresponds to one T-day and the colun~ns arc marlccd 0'1, 1'1 and . . . . 23'1, the 0'1 of wllic11 may 
be called a 2'-noon. A dot is put in eacl~ spacc for the entry, and wllere there is a 'c l~ange '  two dots 
are put if t l~crc  is to bc a cloublc entry, or a l n r  if there is to be no entry, while black vertical liues mark 
the end of each S-day. Thc black vertical lincs will of coarse fall into sliglitly irregular diagonal lincs 
across the pogr, bciug steeper and steeper the morc nearly l'-time appronches to S-time. Tlicy slope 
downwnrds from r iq l~ t  to left if the l'-hour is longer t11an tlle S-hour, and thc otlier way in tbe opposite 
case. The 'c l~angcs '  also rnn dinyonally n-ith a slopc in  the oppositc direction to that of thc blacli lines 
wlicu tlic 1'-hour is longer than the S-hour, and in the salve direction in the opposite casc. 

Tllcsc ' cl~nngcs' and black lines mill be found exhibited in  tlie specimen of the reductions given 
at t l ~ c  end of tliis cl~nptcr. 

Sincc t l ~ c  first cloy is num1)crccl 1, and the first hour Oh, i t  follows that to find thc period which 
clnpsc,(l f'rolrl 0'' of tllc first clay, i t  is nccessary to subtract 1 from thc number of the day and to add 

1 to  t l ~ c  nym1)c.r of tlic hour. 

For rncl~ class of tidc t1iel.c arc five pngrs in the con~putation forms, each page occupying two 
in the s])ccinicn of tllc reductions at tlic end of this cl~apter, giving in all about 370 values for tllc llcifil1t 
of t l ~ e  m-:rtcr :it cacli of tlic 21. spc*cinl I~ours : the number of valucs for cacll liour varies slightly accord- 
ing :IS niorc or lcss changes fall into cach column. 

, 

T ~ c  nun~l~ers  cntcrcd in rncl~ colunin are summcd on each of tlie five pngcs : tllc five sets of re- 
s ~ l i s  arc now hl111im1~1 :~nd the r c s ~ ~ l t s  diritlcd r ~ ~ c l ~  11y tlle proper divisor for its column, thus giving a 
m(.*ln result for tlrnt colulnn. I n  tllis may 24 numbers are found which give the mean height of the 
water a t  cach of thc 21  spccial hours. 
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It is obvious that  if this process were continued ovcr a very long time, in tho cnd, the  tide under 
analysis would be extracted from among all the others, and tho heights thus found would accurately 
represent the heights of the r a t e r  due to tlds tide ; but as the process only extends over about o year, 
the elimination of the others is not quite completc. 

Slzo?.t-pe9.iod Tides :-Selection of Pe~,iocls for Atzulysis. 

The elimination of the effects of the other tides may bc improrcd by clioosing the period for 
analysis not exactly equal to one year. For, suppose that thc expression for the hcigbt of thc water is 

A, cos ~z,t + B, sin n,t + A, cos I Z , ~  + B, sin 12,t 

where 12, is nearly equal to n,, and that it is required to climiuate the  12,-tide so as to be left only mith 
the 92,-tide. 

The expression for the height of the water is equal to 

{A, + A, cos (?a1 - 1t2)t - BZ sin (11~ - lzj)t) cos lzlt 

+{I%,+ A,sin(n, -~z,)t +B,cos (12, -12,)tj- sin n,t, 

so that the tide may bc regardcd as oscillatillg wit11 a spced 12, but mith slowly varying range. 

Now, in the column apprrtaining to ally liour in t l ~ c  form, u,t is a multiple of 15" if lz, be a diur- 
nal, and of 30°, if 11, be a semi-tliurnal tide. Considcr tlie column hcaded 'p-hours', then n,t = 15% 
fo r  diurnals, and 30)) for scmi-diurnals. 

IIence tllc sum of all entrics, supposing tliere arc q of them in the column numbered p-hours, is 
for diurnal tides 

I 5p cos ( 1 1 ,  - 12%) - + cos (11, - 12~) 
91.1 

+kc.] + U ,  [kc.]] + sin 15% { kc.  1 
and for scmi-diurnal tirlcs, t l ~ c  argulncnts of all the circular functions in  the expression are to be 
dou1)lcd. 

Now sucli n number of tcrrns is to be clioscn that t l ~ c  scries by wliicll A, and B, are nlultiplied 
may ~rrnlisl). This is exactly thc case if the scrics is csactly rc-entrant and is ncnrly the case if nearly 
rc-entr:~nt. 

Thc condition is exnctly satisfied whcrc 1. is cither a positive or negative integer for diurnal tides, 
2a 4'n - if ( 9 1 ,  - I ? , )  p -- = 2ar; and for scmi-diurnal tides if (12, - a,) q - - - 2rr : 
11 1 71 1 

that is to saj-, if 
( 9 1 ,  - IZ?) '1 = n,r for diurnal tides ; 

or (12, - 1z2) q = for scmi-diurnal tides. 

It is not n-orth n-hilc attemptillg to  climinatc the effccts of tlie semi-diurnal tides on the diurnal tides, 
and vice versci, bccnusc any pcriorl mill satisfy the abovc cqua t io~s  mithin the fraction of a day, and 
owing to the incommensurability of the speeds, it is impossible to avoid being wrong to that amount. 
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It is of course impossible to choose for each tide IZ,, a period which shall minimise the effects of more 
than one of the short-period tides 91, in vitiating the values of the mean semi-ranges of the tide n,;  
accordingly the periods have been chosen so as to nlinimise the effcct of the principal solar semi-diurnal 
S, upon the principal lunar semi-diurnal M,, and of M, on the other semi-diurnal tides: in the case of 
the diurnal tides the periods are chosen to minimise the effect of either 0 or K,. 

I n  analysing for the 5, tide, i t  is required to find the period which will minimise the effect of the 
M, tide. 

Here n1 = 2(y - ?) = 2 x 16" per hour, 

"2 = 2(y -u), 

n1 - 1z2 = 2(u - ?) = 1°.0158958 per hour; 

the equation therefore is 
1.0168968 q = 15 r ;  

and if r = 25, q = 369.13. Thus 26 periods of 2(u-?) is 369.13 mean solar days, so that in order to 
get as great accuracy as possible, the series must be summed over 369.13 days. Now, this is true of all 
the columns, and as each must have the same number of entries, the period which should be chosen is 
369 days. 

I n  analysing for the M, tide, it is required to find the period which will minimise the effect of 
the S, tide. 

Here n, = 2(y - U) = 2 x 14°04920521 per hour, 

fi2=2(y - 71, 

n, - n, = 2(? - u) = - 1°.0158958 per hour; 

hence, taking r  negative, 
1.0158958 q = 14.4920521 r ;  

and if r  = 25, q = 356.63, so that the period should be 357 days, corresponding to a period of 360q2h 
mean solar time. 

I n  analysing for the K, tide, i t  is required to find the period which will minimise the effect of 
the hi, tide. 

Here n, = 2y = 2 X 16"~0410686 per hour, 

fi, = 2(y - 4, 
n, - 12, = 2v = 1°.0980330 per hour; 

hence 
1.0080330 q = 16 - 0410686 1. ; 

and if r = 27, q = 369.85. 

In  analysing for the K, tidc, i t  is required to find the period which will minimisc the effect of 
thc 0 tide. 

IIcrc 11, = y = 16°*04106S6 per hour, 

n, - n, = 2u = 1"' 0080330 per hour, 
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which again gives q = 369.85, so that for both the K tides the period should be 370 days, corresponding 
to a period of 3699"  mean solar time. 

I n  analysing for the N tide, it is rcquired to find thc period which mill minimisc the cffect of 
the M, tidc. 

Here 12, = 2y - 3u + 'ET = 2 x 14O.2198648 per hour, 

11, = 2~ - 2u, 

n, - 12, = - (u - 'ET) = - 0°*5443747 per hour; 

hence 
0.6443747 q = 14.2198648 2 . ;  

and if 2. = 13, q = 339.58, so that the period should be 340 days, corresponding to a period of 358" 16'' 
mean solar time. 

I n  analysing for the L tide, it is required to find the period which mill minimise the effect of 
the M, tide. 

Here ?a, = 2y - u - m = 2 X 14".7642394 per hour, 

m, - n, = u - 'ET = Oo.6443747 per hour; 

hence 
0.5443747 q = 14.7642394 2 . ;  

and if 1. = 13, q = 352.58, so that the period should be 353 days, corresponding to n, period of 358" 15'1 
mean solar time. 

In  nnalysing for the v tide, i t  is required to find the period mhich will minimise the effect of 
the M, tide. 

Here 11, = 2y - 3u - 'ET + 21 = 2 X 141~-2562915 per hour, 

9L2 = 2y - 2 ~ 9  

n, - 18, = - a - m + 21 = - 0'-4716211 per hour; 

hence 
0.4716211 q = 14.2562915 T ;  

and if 9. = 11, q = 332.58, so that the period should be 333 days, corresponding to a period of 360" 9'' 
menu solar time. 

In  analysing for the A tidc, i t  is required to find the period which mill minimise the effect of 
tlie M, tide. 

"1 = 2y - cr + 'ET - 27 = 2 X 14'. 7278127 per hour, 

12, = 2y - 2u, 

9 1 ,  - 12, = + '13 - 21 = 0°~4715311 per hour; 
hence 

0.4716211 q = 14.7278127 1 . ;  

and if r = 11, q = 343-68, so that the period should be 3441 days, corresponding to a period of 35OU gh 
mean solar time. 
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I n  analysing for the 2N tide, i t  is required to find the period which will minimise the effect of 
the M, tide. 

Here n, = 2y - 4u + 2 a  = 2 x 13O.9476774 per hour, 

a, - n, = - 2(u - a )  = - 1°'0887494 per hour; 

and if 9. = 26, q = 333.08, so that the period should be 333 days, corresponding to a period of 36ad 3h 
mean solar time. 

I n  analysing for the T tide, it is required to h d  the period which mill minimise the effect of 
thc M, tide. 

Here n, = 2y - 31 = 2 x 14"'9794657 per hour, . 

n, - 18, = 2u - 31 = 0"-9748272 per hour ; 

hcncc 0.9548272 q = 14.9794657 7.; 

and if 9. = 24, q = 368.79, so that the period should be 369 days, corresponding to a period of 369"2l1 
mean solar time. 

I n  andysing for the R tide, i t  is required to find the period which will minimise the effect of 
thc 31, tidc. 

Here oil = 2y - t) = 2 x 16"'0205343 per hour, 

9 1 ,  - n, = 2u - t) = 1"-0569644 per hour; 

hcnce le05G9644 q = 15 0205343 r ; 

and if r = 25, q = 355.28 ; or if r = 26, q = 360.49, so that the period should be either 366 d g s  or 369 
clajs, c o r r e s p o n ~ g  to a period of 354"111, or 368"211 mean solar time respectively. 

I n  analysing for the p tide, it is required to find the period which mill minimise the effect of the 
31: tidc. 

Elere n, = 2y - 4u + 277 = 2 x 13"~9841042 per hour, 

97, - 71, = - 2(u - 7) = - 1°~015895S per hour; 

hence 1.0168958 q = 13 9841042 1. ; 

and if 7. = 2-4, q = 330.37 ; or if 7. = 25, q = 344.13, so that the period sllould be either 330 days or 344 
days, corresponding to a period of 363" 23h, or 3GO" Oh mean solar time rcspcctively. 

I n  analysing for the 2SX tide, it is required to find the period which will minimise the effect of 
the  11, tide. 

Zere n ,  = 2~ + 2u - 47 = 2 x 16"- 6079479 per hour, 

n, = 2y - 2u, 

n, - 11,  = 4(u - 7) = 2O.0317916 per hour; 

hcnce 2 -0317916 q = 15' 6079479 r ; 
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and if p = 48, p = 366.37; or if p = 49, q = 374.00; or if 7. = 60, q = 381.63, 80 that the period 
should be 366 days, or 374 days, or 382 days, corresponding to a period of 35ed Oh, 361d lBh,  or 36gd 12h 
mean solar time respectively. 

I n  analysing for the 0 tide, i t  is required to find the period which will minimise the effect of 
the K, tide. 

Here nl = y - 2u = 13O.9430356 per hour, 

fi2 = y, 

12, - n, = - 2u = - 1°.0080330 per hour; 

hence 1.0980330q= 13.9430356 r ;  

and if r = 27, q = 342.86, so that the period should be 343 days, corresponding to a period of 3696 Oh 
mean solar time. 

I n  analysing for the P tide, i t  is open to question whether i t  is better to minimise the effect of 
the K1 tide or of the 0 tide. 

I n  the case of the K, tide, 
n, = y - 27 = 14"-9589314 per hour, 

12$ = y, 

n, - n, = - 27 = - 0". 0821372 per hour ; 

hence 0-0821372q= 14'9589314 r ;  

and if r = 2, q = 3G4-24. 

I n  the casc of the 0 tide, 
nB = y - 2u, 

f i ,  - 11, = 2 ( ( ~  - r l )  = 1°.0158958 per hour; 

hence 1.0158958 q = 14.9588314 1.; 

and if 1. = 25, q = 368.12. I t  is better to abide by the last number, because in the former case n, - n, 
varies slowly and by this means the adequate elimination of both 0 and K, will be effected. The period 
should therefore be 368 days, corresponding to a period of 369" Oh mean solar time. 

I n  analysing for the J tide, the same remark applies in regard to the El tidc or the 0 tide. 

In  the case of the Kl tide, + 
n, = y + u - TZ = llti0.5854433 per horn*, 

18, = y, 

la, - 12, = u - m = 0°'5443747 per hour; 

hence 0.5443747 q = 18.5854433 1. ; 

and if ? .=12,q=343.56;  o r i f ~ = 1 3 , q = 3 7 2 . 1 9 .  

I n  the case of the 0 tide, 

n2 = y - 2u, 

ral - n, = 3a  - a = lo-6424077 per hour; 

hence 1.G424077 q = 15.6858433 r ;  
and if 9' = 36, q = 341.62; or if 13 = 39, q = 370.09. 



72 TLDAL OBSERVATIONS. [ C I ~ A ~ .  VII. 

Since in the latter case, when the cffect of the 0 tide is minimized, 12, - 12, varies three times 
as fast ns in the formcr when the Kl tide is crnployed, it mill bc better to take the pcriod either 342 (lays 
or 370 days, corrcsponding to a pcriod of 329'' 4'1, or 36G" 2l' mean solar time respectively. 

In  cmalysing for tlic Q tide the same remark applies in rcgard to the K1 tide or the 0 tide. 

I n  the case of the Kl tide, 
I t ,  = y - 30  + P = 13°.3986609 per hour, 

? I 2  = y, 

18, - a, = - (30 - P) = - 1°'6424077 per hour; 

hence l.Ci424077q=13.3986609 T ;  

and if r = 39, q = 318.16. 

I n  the case of the 0 tide, 
I t ,  = y - 20, 

n, - 11, = - (0  - m) = - 0°'5443747 per hour; 

and if r = 13, q = 319.97. As before, i t  mill be better to take the period 318 days, corresponding to 
a period of 35Gd 0" mean solar time. 

With regard to tlie quaterdiurnal and terdiurnal tides MS, M,N, M,Rl and 2M,Ki it does not 
matter what period is talien, but i t  seems reasonable to stop with the exact year of 365 mean solar days. 

Returning now to the general notation and considering the 24 mean values pertaining to the 
24 T-hours, it may be sopposed that all tlie tides except the T-tide are adequately eliminated, and in 
fact, t l~a t  tlhis is the case will bc found on reference to the Report  of tlte Bri t ish Associatiou Jor the 
A t l c a ~ ~ c o ~ t e t t t  of Scie~zce, 1872, page 3GG, where the necessary corrections for the absence of complete 
elimillation arc given. 

Kom it is 01)vions thnt nny one of tlie 24 values does not give the true height of the T-tide a t  
that T-hour, but that i t  gives the averngc height of tlie water as due to thc T-tide, estimated over hdf 
a T-hour bcforc and after a T-liour. A correction must tlierefore be determined on this account. 

' 

The required csprcssion for the llcight of the tide at  any T-hour is 

h = tl, cose + B, sin0 + C ~ C .  + A ,  cos r 6 + B, sin 1.8 + &c. 

But the results of arlalrsis gives instead of this, the mean of all the h's between the limit9 

0 + Q and 0 - 2 wllerc a = 16". 
2 2 

If then f, reprcscnts tlic summation between thesc limits, i t  follows that, 

I r a = Z k  
= kc. + ZA,cosr0 + ZB,sinvO + k c .  

2 . v a  = kc. + A, - sln - cos 1.0 + B, sin L'! sin g* 8 + &c., 
1 . 2  r 2 
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9-a ra 
sin z sin 3 

whence h =  &c. +- A, cos re + - B, sin re + &c., 
7'Q - ra - 
2 2 

consequently, the coefficients expressing that oscillation which goes through its period r times in 24 
1.a 

"0 give the true A, and B,. T-hours must be augmented by the factor - . ra 
sm 

Remembering that a is 16", and putting 1, 2, 3, &c., in succession for v, the augmenting factors 
for the diurnal, semi-diurnal, terdiurnal oscillations &c., become 

7.5 T 16 T 22.5 T 
180 sin '7" 30' ' 180 sin 15" ; 180 sin 22" 30' ; &c. 

The augmenting factors are therefore as folloms :- 

for A,, B, . . . . . .  1'00286, 

. . . . . .  A,, B, 1.01152, 

A,, B, . . . . . .  1.02617, 

A,, B,& . . . . . .  1.04720, 

A,, B,, . . . . . .  1,11072, 

A,, B, . . . . . .  1.20920. 

In the case of the S-series of tides, since the numbers treated are the actual heights of the water 
exactly at the S-hours, no augmenting factors are required. 

Short-period Tides :-Determination of the Constants. 

IF now t denotes T-time expressed in hours and n is l€iO, the height h, as expressed by the 
averaging process explained above, is given by the formula 

h = A, + A, cos nt + B, sin nt + A, cos 21tt + B, sin 212t + &c., 
. . .  where t is 0, 1, 2 23. 

NOW P cos gent, from t = 0 to t = 23, is equal to zero, since there are corresponding positive and 
negative values of the cosine : similarly Y, sin vnt = 0. 

c0s2 cos Also P sinfl'fit = P (f f f cos 2 mt)  = 12, P rnt sin snt = f P {cos(, - a) nt cos ( r  + a) nt) = 0, 
and P cos rnt sin snt = f P (sin (7. + s) nt - (93 - s) at) = 0, where r and s are any positive integers. 

Thercfore i t  follows that 

1 1 1 1 1 
*o=  a2h;  ill= -2hcosnt; BI= ,Y,hrrinnt; A,= -Y,hcos2nt; B , = -  Zhsin2r&t; 12 12 l a  1 a 

and so on. 
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a s o ,  since n = 16", and 1 is an  integer, all the cosines and sines involved will be found among 
the folloming :-a ; f sin 16" ; f sin 30" ; f sin 95" ; f sin 60" ; f sin 76" ; f 1. These are denoted 
i n  the  computation forms by 0 ;  f S1 ; f S,; f 8,; f 8,; f Sg; f 1. Tllis enables the forms tobe 
' a r r n g e d  neatly as given in  the specimen of the reductions a t  the end of this chapter, where the 24 
hourly values to be submitted to analysis are entered continuously in columns I and 11. The subsequent 
operations arc sufficiently indicated by the Ileadings to the  columns, and i t  will be found on examination 
that  the results are in rea1it.y the sums oE the several series given above. 

The A's and B's are thus deduced, and tlren R = : it must be multiplied by the augment. 
1 ing factor, already evaluated, to obtain the augmented R which when multiplied by - gives H. Next f 

B 
the  angle whose tangent is - gives 5, wlricli must be added to the appropriate Po + .u to find K. The A 
form used will be found in  tlle specimen of tlie reductions : i t  also serves for the final treatment of the 
long-period tides, except that there is no augmenting factor, and that the increase of a for 114 hours has 
to be added to J. 

Long-period Tides :-Formation and Cleavance of Daily Heans. 

For the purpose of determining the tides of long-period, i t  is necessary to eliminate the oscillations 
of water lerel arising from the tides of short-period. As the quickest of tlre long-period tides has 8 

period of many days, tlle l~cight  of the water at'one instant for each day gives su5cient data. Thus 
tllere rrill, iu a yenr's ol)servations, be 365 heights to be submitted to harmonic analysis. I n  leap-year 
the last day's observation must be dropped, because the treatment is adapted for analysing 365 values. 

I n  finding tlie value of the height of the water for each day, the algebraical mean of 24 consecu- 
t i re  hourly ralues, l~eginning n-it11 the 11eight a t  noon, is taken: the result applies to the middle instant 
of the period 0'1 to 23'1, that is to say, to 11" 30" a t  night. 

The formation of a clnily mean does not 01,literate the oscillations of the short-period tides, because 
none OE tlie latter, excepting those of the principal solar series, have commensurable periods in mean 
solar hours. 

A corrcction or ' clearance of the daily mean ' has therefore to be applied for all important tides 
OF short-period excepting for the solar series. 

Let R cos(trl-[) I)e t.he expression for one of the titles of short-period, as evaluated by the harmo- 
nic analysis, and let a be the vnluc of ~rt-5 a t  any noon. Then the 24 consecutive hourly heights of the 
water due to t l ~ i s  tide, beginning n-it11 that noon, are :- 

R cos a, R cos ( n  + a), R cos ( 2 n  + a) , . . . . . . R cos (23rt + a). 
s inl2n Now the sum of these 24 quantities is R- cos (a + l l i n ) ,  so that  the ' clearance' 
sin in 

1 + i n l 2 n  is - - R k- cos(a + ll+11), and is additive. 
24 srn 

I t  has been found, practically, that only three tidcs of short period, viz., M,, N and 0 exercise 
any nPP~~-cial)le effect, so that clearances for them havc to be applied. I t  was formerly the custom to 
compute the clearances for these three tides for every day of the ycar, ns above, and to correct the daily 
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means accordingly: but in the present procedure, a single correction, for each of the tliree short-period 
tides, is applied to each of the final equatious instead of to each daily mean. The process mill be 
explained more fully below. 

The late Professor J. C. Adams suggested an alternative plan in nrlrich the tide-predicting machine 
may be used for the evaluation of the sum of the clearances. I t  is evident that R cos (a + l l+n )  is the 
height of the tide 12 at 11" 30m, and tlie same is true for each sucli tide. Hence if the tide predicter is 

of its true used to run off a year of fictitious tides with the semi-range of each tide equal to - -- 24 s i n + ~ ~  
semi-range, and with all the solar series and tlie annual and semi-annual tides put a t  zero, the height 
given a t  each llh 30" in the year is the sum for each day of all the clearances to be subtracted. 

Xong-period Tides :-Final Equations. 

The 366 daily means are then t.aken and t l~c i r  mean value found. This is the mean height of the 
water for the year, and even if the daily means are unclearcd, the result cannot be sensibly vitiated, 

Tlle mean heiglit is next subtracted from each of t l ~ e  daily means, leaving 365 quantities ah, the 
daily height of the water above the mean height. Tllese quantities are to be the subject of llarmonic 
a,nalysis: and the tides chosen for evaluation are thosc which have been denoted above as Mm, Mf, 
MSf, Sa, Ssa. 

Let 6h = A cos ( u  - m)t + B sin (u - m)6 

$- C cos 2ut + D sin Zut 

+ C ' c o s 2 ( ~ - ~ ) t  +D ' s in2 (u -q ) t  

+ E cos l t  + Fsin qt 

+ G cos 27t + EI sin 27t, 
where t is measured from the first llh 30m. 

Now if I , ,  I, are the increments in 24 mean solar hours of any two of the five arguments ( u  - m)t, 
2ut, 2(u - v) t ,  qt, 274 and if A,, 13, ; A,, B,, are the corresponding coefficients of the cosine and 
sine in the expression for S~L, and if Sh, be the value of 61~ a t  the (i + 1)'11 11" 30"' in tlie year, then 

6h;=AlcosZl i+Bls inI l i+A2cos l , i+B2s in1 , i+&c.  

and therefore, if the terms in A, and B, alone be written, 

Shi cos 1,i = A, (cos (2, + I,) i + cos (1, - 1,) i j + + B2 {sin ( 4  + 1,)i - sin (El - I,) i j  + &c. 

8hi sin = + A, {sin (1, + 1,) i + sin (1, - I,) i j + + 13, { - cos (1, + 1,) i + cos (1, - I,) i )  + &c. 

Now let 

365 
sin x 2 +(5) = +, - - 
sln$.v ' 

then, it is clcar that + ( x )  = +(- x )  and +(0) = 182.5. 



78 TIDAL OBSERVATIONS. [CRAP, v~r.  

If, therefore, X denote the summation for the 366 values from i = 0 to i = 364, i t  follows that 

f 8h cos 2,k = [+(I ,  + I,) cos 182 (1, + 1,) + + ( I ,  - I,) cos182 (1, - l,)] A, 

+ [+( I ,  + I,) sin182 ( I ,  + 1,) - +(I,- - 1,) sin182 (1, - l , ) ]  B, + &c. 

Z8h sin 1,i = [ + ( I ,  + I,) sin 182 (1, + 1,) + + ( I ,  - I,) sin 182 (1, - I,)] A, 

+ [ - + ( I ,  + 4)  cos 182 ( 4  + 2,) + +(I, - 2,) cos 182 (1, - I,)] B2 + &c. 

I n  these equations there is always one pair of terms in which I ,  is identical with I,, and since 
$(Z, - I , )  = 182'6 nnd as cos182(1, - I , )  = 1, i t  follows that there is one term in each equation, in 
which there is a coe5cient nearly equal to 182.6. I n  the cosine series, it will be the coe5cient of an A 
and in the sine series, of B B. 

The following are the equations with the coefficients inserted, as computed from these formulq or 
their equivalents :- 

Final Bqzcations f o r  Tides o f  Long-period*. 

2611 x c o s  (u -w) t  = 

,, x sin (u -w) t  = 

,, X COS 2ut = 

,, x sin 2ut = 

,, X COS 2(u-T))t = 

,, x s in2(u-q) t= 

,, X c o s  qt - - 
,, x sin qt - - 

,, X COS 2qt = 

I 
x sin 2qt = 

I f  the daily means have been cleared by the use of the tide-predicter as above described, these 
ten equations are ready for solution, but if not, then before solution of the final equations, correction8 
for clearance must he applied to the leEt-hand sides. 

1 sin 1 2 ~ ,  
Let 7t be the speed of short-period tide in degrees per mean solar hour, and let +(n) = - -a 2.1 sin418 

Co- 
efficient of 

A 

+183.05 

+ 2.14 

+ 0 .72-  

+ 4.29+ 

+ 0.76 

+ 5.04+ 

+ 4.88 

- 0.34 

Then it has been already shown that the clearance to 8hi ,  the mean height of water at  llh 30" of the 
( i  + l ) I h  day, will be 

- +(?A) R cos [n: 24i + 11;) - (1. 

me f i v e r  here given dieer slightly hom those giran in the computation forms but the Merence  h immsterid 

Co. 
efficient of 

D' 

+ 5.04. 

1.06 

+ 0.92 

0.80+ 

+ 0.97 

+181.81 

+ 
- 0.10 

+ 3.25 

- 0.20+ 

Co. 
efficient of 

E 

+ 4.88-  

+ 3.80+ 

- 1.50 

3.05 

- 1.68 

+ 3.24-  

3.24+182.38 

+ 0.00 

- 0.24 

0.01 

Co. 
effic~ent of 

I? 

0.34 

0.34+ 

- 0.09-  

- 0.08 

- 0.11 

0.10 

+ 0.00- 

+182.62 

+ 0.00 

+ 0.00+ 

"- I c: 
efficient of efficient of 

Co. 
efficient of 

D 

+ 4.29 

+ 1.01 

+ 0.88 

0.88+181.83 

+ 0.92 

0.80 

+ 3.05-  

0.08 

B 

+ 2.14 

+181e95 

4.15 

1.01 

- 4.90 

1-06 

+ 3 .80-  

+ 0 .34-  

+ 4.96 + 3.88-  

- 0 . 7 0 +  0 .68-  I 

Co- 
efficient of 

Q 

+ 4.96 

3 - 8 8 +  

1.51 

+ 8.06-  

- 1.70- 

+ 3.25- 

0.24 

+ Oa0O+ 

+182.38+ 

Co- 
efficient of 

C' 
-~~~~~~~~~ 

+ 0.76 

- 4.90+ 

+ 0.56 

+ 0 .92-  

+183.19 

+ 0.97 

1.68 

- 0.11 

+ 3.06-  

0 . 1 7 -  

+ 0.72 

- 4.15 

+183.17 

+ 
+ 0.56 

+ 0 .92-  

1.50 

0.09-  

1.51 

0.18-  

- 

Co. 
efficient of 

H 

- 0-70 

0.68 

- 0.18 

0.17 

0'21 

0.20 

+ 0.01 

0.00 

0.00 

O.O0+182'62 

1.70 

0.21 
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If nz is put equal to 24n (so that nr is the daily increase of tho argument of the short-period tide) 
and /3 = f i  x 11i - 5, this becomes 

-$(n) Rcos(mi + P). 

Hence the clearance for 8hi cos li is 

-+$(n)R{cos[(m+ l ) i + P ]  + cos[(m - 1)i +PI) ,  

and for Shi sin ti is 
-+$(n)R{sin[(m + 1)i + P] - sin[(m - l ) i  + PI}. 

Summing the series of 365 terms, the additive clearance for tShi cos li becomes 

-R$(n){+(m+l)cos[182(m+l)+P]++(m-2)cos[182(m-~)+P1~, 

365 sin - x 
where as before 

2 
9 ( 4 = ?  sin+x 

If An denote the increment of the argument nt in 182"lh 30m, this may now be written 

If therefore R cos [ = A and R sin [ = By so that A and B are the component semi-ranges of the 
tide n as immediately deduced from the harmonic analysis for the tides of short-period, the clearance to 
tSh ,  cos li becomes 

- [$ (n) + (m + I) cos (an + 182 1) + $ (n) + (m - 1) cos (An - 182 !)]A 

I n  precisely the same manner the clearance for C6hi sin li is found to be 

-[$ (a) + (nz + 1) sin (An + 182 1) - $ (n) + (m - 1) sin (an - 182 2)]A 

+ [$ (18) + (m + 1) cos (An + 182 1) - $ (n) + (m - 1) cos (As - 182 1)]B. 

If then 

and 

and if 

and 

K(n,1)=+(n~+l)++(m-l),  

Z(n,1)=+(m+1)-+(m-Z); 
1 sin12n c (18) = $ (n) cos An = 2 --- 
4 sinin COS AN, 

s (18) = $ (n) sin An; 

and if the additive clearances for 2%; cos li, and dShi sin li, be denoted respectively by 

[A, n, l,cos] A + [B, n, I, COS] B, 
and [A,n, ,!,sin] A + [B,n,l,sin] B; 
thcn [A,n,l,cos] = - C(n)K(nJ1)cos1821+S(n)Z(n, l ) s in182Z,  

[B,n,I,cos] = - S(B) K(n,l) cosl821-C (18) Z (n,l)sin1821, 

[A,n,l, sin] = - S(n) Z(n, l )cos l82l -C(n)K(n,I )s in182l ,  

[B,n, I, sin] = + C (18) Z (n,l) cosl82 1- S (n)K (n, 1) sin182 1. 

I n  thc case wllcn 1 refers to the tide MSf of speed 2(u-v), and m to the tide M2 of speed 
2(y - v), +(m + 1) = 360°, and +(vt + I )  = 182.5. 
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The following schedule gives the value of these coe5cients for the various tides :- 

Schedule of Coeflcients fop Clea~.ance of Daily dlea~zs in  the .Final Bquatiows*. 

Long-period Tides :-Solution of .Equations. 

- 
b 

I xm -" 
Ca 

I1 
C: 

B 
+ 
b 

7 
LS 
I 1  
6 

b 
ca 
1 

0 * 
I1 
6 

As the determination of each of the ten quantities CSA cos (u - m)t ,  XS1t sin (u - m)t, kc., by 
multiplying eacli of the 365 Sh's by its proper cosine or sine and adding the ~ e s u l t s  together, mould be 
extremely laborious, the method of equivalent multipliers was devised by the late Professor Adams. The 
values of the respective cosines and sines are dividcd into eleven groups according as they fall nrarcst 
to  1 .0 ,  '9, . 8  . . . . .2,  -1, 0. Then as each of tlie values of Sh is to be multiplied by some 
value of the cosine or sine, and as this value must fall into one of thc groups, a11 the values of Sh which 
belong to one of these groups arc collected toget,lier, summed, and thc sum multiplied by tlie corres- 
ponding value of the cosine or sine. ~ l s o  since t,llcre are as many positive as ncgative values of the 
cosine or sine, the signs of half the Sh's must be changed. This is effected mechanically as follows :- 
in the spaces in the forms for tlic entry of ah's those Sh's in mhicli the signs are to be unchanged are 
entered on the left hand side of the spacc, if positive, and on the right, if negative. Thus in tile 
column corresponding to each multiplier there are two sub-columns : thesc are separately summed, and 
tile difference of these sums gives the total of the column for tlic 811's whose sigris are to be uncllangcd. 
This process is carried out in the upper half of the form 2nd tllc result is called a. Exactly the same 
process is carried out in the lamer 11alf of the form n ith the 61''s in which the slgns are to be changed, 

--- --- 

The f iprcs  bcrc 111llcr f l ~ g l l t l ~  From those w e d  rn the coml,utat~ou t o r ~  but the &ffcrcuce 18 ~mmnlennl. 

Coeficient 

[A, n, 11 cos] 

[BI n, 1, cos] 

[A, n, 1, sin] 

[B, n, I ,  sin] 

[A, n, IJ cos] 

[ B ~  n1 cOs] 

[A, n, 1, sin] 

[B, n, I, sin] 

[A, n, 1, cos] 

[BJ n, 1, cos] 

[A, n, I, sin] 

[B, n, I, sin] 

l = u - w  

- 0.05557 

- 0.17036 

- 0.17075 

+ 0.04410 

- 0.05881 

- 0.07758 

- 0'02059 

+ 0.11381 

- 0'06185 

- 0'3i765 

- 0.34523 

+ 0.04052 

1 =  2u 

+ 0.00302 

- 0.G3773 

+ 0.04170 

+ 0.01052 

+ 0.03680 

- 0'22357 

- 0.15257 

- 0.08544 

+ 0.01662 

- 0.07775 

+ 0.08411 

+ 0.03384 

1 = 2 ( u - 7 )  

+ 5.7393 

- 2'9228 

- 2.8400 

- 5.7271 

+ 0.02938 

- 0,19384 

- 0'12210 

- 0°08081 

+ 0.01571 

- 0.08158 

+ 0.08754 

+ 0.03306 

1 = 1 ]  

- 0.10110 

- 0.075" 

- 0.00176 

+ 0.00476 

- 0.01760 

+ 0.00254 

+ 0.00020 

+ 0.00007 

- 0.19240 

- 0.18260 

- 0.00460 

+ 0.00897 

% 

l=27) 

- 0.10465 

- 0.07546 

- 0.00353 

+ 0.00958 

- 0.01760 

+ 0.00254 

+ 0.00041 

+ 0.00015 

- 0.19340 

- 0'18311 

- 0.00926 

+ 0.01802 
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and the result is denoted by 
each column is multiplied by 
giving the result required. 
required for each long-period 

b. The complet,e slim of the 61~'s is thus n - b, and the value of a - b in 
the multiplier corrcslronding to that column, the  sum of the product9 
A'pair of forms, one for the cosine and the other for the  sine series, is 
tide. 

The ten equations are to be solved by successive approximation, the results being the component 
semi-amplitudes A, B, &c., of the five long-period tides. But  the initial instant of time is tlie first 

B 
11'' 30" in the year, instead of the first noon: hence, if, as before, R% AA2 + B and tan 4 I -  - -, A then, 

in order to reduce the results to tlie normal form in which the noon of the first day is the initial instant 
of time, the increment of the corresponding argument for 11" 30" must be added to 5,. 

Long-period Tides :-Breaks in the Record.  

It may happen from timnc to time, that the tide-gauge breaks down for a few days, from tbe  
stoppage of the clock, thc choking of the tube, or some othcr accident, and that otlier readings are not 
taken during the interruption. I n  this casc t l~cre  will be a hiatus in thc values of SJL. Now the whole 
process employed depends on the existence of 366 continuous valucs of Sh. Unless, therefore, tLe 
year's observations are to bc sacrificed, this liiatus must be filled. If not more than three or four days' 
observations are wanting, i t  is best to plot out the values of Sh grnpl~ically on each side of the hiatus 
and, filling in the gap mith a curve drawn by hand, to use the values of 61, given by the conjectural 
curve. The tidc-table prcdictions are invariably utilised in this process when available. 

If the gap is somewhat longer, several plans miglit be adppted, for example, if there is another 
station in the ncighl~ourhood, the rnlues of Sh for that station might be inserted; or, the ralucs of 6h 
for anotllcr part of the year, in which the moon's and Sun's declinations are as nearly as possible the  
same as they mere durins the gap, might be used, and, as a matter of fact, these methods have been 
employed. 

When the liiatus is of considerable length, the preceding metliods are inapplicable, and the 
method employcd is as folloms :-The actual SJL'S are entered iu their proper places and in tlie ten final 
equations all tlic terms wit11 small cocfficicnts are nc~lectccl, and in tllc terms nrl~ose coefficients are ap- 
proximately 182.5, a cocficient equal to 182.5 diminished by half the number of days of tlie hiatus, is 
substituted : the computations are then carricd out as if tliere was no gap, until the d u e s  of R a n d  4 are 
obtained for each long-period tide. From tl~csc npproximnte ralucs of R and <, the l~eiglit of each tide for 
each day of t l ~ c  gap is computed by the formula R cos (nt - 0, wliere t is the number of days since the 
commcnccmcut of the year of observntion and n is tlic spced of the particular long-period tide in degrees 
per mean solar day. Tllus five heights, abovc or below mcan water level, are obtained for each day of 
the gap. Tliese five hciglits are added togetlicr and thc sum is t l ~ e  missing SJL for tlie particular day. 
Thc gap l~aving bcen tlius filled in mith computed SIL'S, the whole computation is repeated mith tlie com- 
pleted series of ah's. 

When a break extends over two or tlirec months in tlie first lialf of the working year, the obser- 
vations antccedcnt to the brealt in that 1ialE-year are rcjectcd, and tlie date of the working year put  
forward to the date following tlic cncl of tlie brcak: but if thc brenlc occurs in the second half of the  
working year, tliat year is eonsidcred to end a t  tlie commencement of the break and to begin 365 days 
beforc i t ;  and the ycar following the break mill bcgin a t  the end of the break. 
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4.00 

3'- 

3.76 

13.37 

801.. 
Hour 

d h 

75 12 

7 6 ~  

77 13 

7814 

79 15 

80 16 

81 17 

82 17 

83 18 

84 19 

85 20 

86 21 

87 22 

88 23 

9.38 

6.68 

6.06 5.92 

7.83 

8.10 

11.7: 

feet 

5.54 

5.24 

5.66 

4.26 

5.34 

13.30 

14.15 

lo.jo 

11.14 

7.17 

9.46 

8.86 

6.72 

15.60 

16.35 

4.36 

feet 

6.90 

7.30 

8.33 

9.60 
7.86 ' 

6.06 

9.48 I 5.46 7.26 I 
6.49 

feet 

9.24 

10.10 

11.52 

11.24 

10.64 

8.34 

5.72 6.17 

14.08 

13.74 

:.;::: 

13.02 

12'34 

10.26 

5.38 

f e d  
11'72 

13.02 

14.301 

14.52 

14.48 

15.00 

8-1)7111-31 

11.88 

9'5"1'71 

12'851 15.23 

11'oo' 'I 13.9.3 
15.62 

15.36 

14'73 

13.87 

13.90 

13.54 

16.12 

15.50 

14.90 

fael 

13.95 

15'04I 

16.06 

7.82 

feel 

1.5'20) 

16.00 

16.52 

12.50 

16.56 

15.r)z 

10.00 14.54 

16.25 

Ij.74 16'i4 
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8 E R I E s M .-(Continued). 

146 

147 

1S8 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

172 1j.a 14.56 11.56 10.36 8.63 7.62 7.30 7'74 8.86 10.67 12.47 13.67 13.60 1 2 . 0 2  9.66 6.93 4.96 3.94 
4 ' 2 2  

1 

155 1 j . 1 2  13.7; 11.30 

loh 

feet 

14.02 

:::$ 
13.66 

13.44 

12.84 

12.46 

12.oj  

11.97 

12.14 

12.84 

14.76 

15.84 

16.48 

17'28 

15.92 

16.441 

16.74 

16.44 

16.42 

15.90 

Ij.46 
13.70 

13.24 

12.90 

1 2 . 4  

12.5j 

12.64 

11.65 l V 1  15.33114'70 13.32 11.14 9'44 8.17 7.54 7.57 8.34 9.81 

15.6; 

14.66 

13.65 

if::: 
13.77 

13.16 

12.88 

11.86 

13.86 

14'17 

1j .33 

14.76 

14.28 

13.80 

12.76 

14.68 

14.05 

13'54 

13.46 

13.38 

14'10 

'4''5 
14.63 
14.45 

11' 

feet 

14.17 

1.3'92 

14.02 

13.16 

1 2 . 2 2  

11.72 

11.56 

11.72 

12.58 

13.87 

15.82 

16.86 

17.5, 

17.95 

18.07 

18.12 

17.85 

17.72 

17.20 

16.46 

15'54 

14.74 

14.06 

13.82 

13.30 

13.40 

13.37 

13.20 

12. 

f e e  

13.22 

12.06 

12.96 

11.96 

10.98 

10.38 

10.60 

11.06 

12.36 

13.86 

1j.76 

16.8j  

14.17 

11.78 

11.84 

r ~ . o R  

12.16 

11.74 

11.48 

11.59 

12.46 

1 2 . 0 2  

1 5 . 2 ~ 3 . 5 0  

12.7; 

11.87 

10.90 

10'33 

9.20 
12"' 

9'20 
11.96 

11.03 

12'40 

12 .92  

13.63 

14'17 

14.84 

13' 

f e e  

10.78 

9 . d  

10.86 

9.94 

9.18 

8.77 

9.20 

9.98 

13.28 

11.77 

10'74 

10'00 

9.47 

10.50 

10.41 

10.08 

10'0.3 

10.48 

9.86 

10.84 

9.46 

8.16 

7.10 

6.77 

6-14 

6'52 

9.47 

10.34 

10.90 

11.94 

12.46 

12.86 

13.95 

77 

14h 

feet 

8.10 

6.90 

:::: 
7.67 

7.32 

1.37 

8.14 

8.86 

10.06 

12.03 

15h 
------------ 

f e e  

5.76 

j 'n 

5.04 9.56 

9'03 

8.46 

8.38 

9.20 

9.26 

8.98 

8.74 

8.82 

8.00 

:::: 
6.32 

5.07 

4.31 

4.00 

3.9j  

4.77 

7.26 

8.60 

9.62 

10.67 

11.06 

11'33 I 12.40 

12.06 

16' 

f e e  

4.27 

4'32 

4.82 

162 10 

163 11 

164 12 

165 13 

166 14 

16714  

168 15 

169 16 

170 17 

171 18 

172 19 

173 19 

174 20 

l i 5 2 1  

176 23 

17723  

14.24 

14.54 

14.89 

15.16 

:;::: 
13.02 

12.50 

12.04 

" ' 2 2  

10.90 

10.86 

9.00 

9.26 

9.76 

10.50 

11.j; 

17.17 60 

14.97 

15.70 

8.16 

7'96 

7.75 

8.08 

::ti 
8.54 

8.20 

7.92 

7.82 

7.09 

4.95 

4.41 

3.07 

2.63 

2.33 

2.88 

4.20 

6.06 

5.57 

8.66 

9.601 

10.06 I 
10.04 

10.90 

10.27 

8.34 

7.44 

6.62 

L::: 
7.05 

6.70 

6.74 

6.86 

7.04 

7.12 

8.26 

8.00 

7.06 

6.17 

5.11 

4.38 

12.50 

11.76 

10.90 

13.80 

12.8) 

12.07 

11.30 

10.84 

10.40 

12.02 

11.84 

11.64 

11.00 

10.07 

9.17 
1°'40 

17.20 

:::$: I 
18.40 

17.95 

17.40 

16.60 

rj.74 

14'58 

14.7j 

14.10 

13.85 

13.52 

13.37 

13.05 

19' 

feet 

7.20 

8'70 

9.46 

10' 

feet 

9.70 

11.00 

11.87 

6.16 

6.03 

6.70 

7.72 

8.32 

9'2.3 

10.56 

17' 

feet 

4.17 

4.97 

5.84 

160 9 

161 9 

14.12 

14.21 

8.96 

7.81 

7.50 

7.30 

5.77 

5.9.3 

6.16 

6.58 

6.7; 

6.70 

6.44 

6.08 

5.05 

4.74 

4.64 

4.96 

8.17 

7.22 

6.55 

6.18 

5.72 

5.67 

' 6.05 

6.32 

6.60 

6.53 

6.94 

6.70 

5.67 

4.94 

4.16 

4.04 

15.74 

16.07 

16.40 

16.42 

1b.05 

14.92 

14.32 

13..<j, 

12.80 

12.32 

12.jo 

10.94 

11.30 

12.14 

12.90 

10.07 

9.04 

8.00 

10.17 

9.60 

9.02 

8.66 

8.61 

8.31 

'i::: 
10.05 

9.76 

8.85 

8.20 

6.76 

15.02 

14.6j 

17.00 

16.07 

15.44 

14.54 

13.76 

12.66 

13.73 

13.34 

13.08 

12.80 

12.07 

11.52 

1.8' 

feet 

5.16 

6 ' j 4  

7.60 

7'40 

7.68 

7.73 

7'78 

8.30 

8.60 

8.34 

8.20 

7.54 

7.50 

6.85 

5.15 

3.62 

2.74 

2.37 

2.54 

3.47 

4.94 

5.80 

7.26 

8.311 

8.94 

9.30 

9.14 

z::: 
8.84 

10.67 

9.95 

16.29 

16.21 

16.14 

15.96 

15.26 

15.j; 

14.8j  

14.1; 

13.58 

13.20 

13.66 

12.77 

13'28 

14.01 

14.56 

7.97 5.83 

13.34 

I 15.60 

13.60 12.56 

21' 

f e e  

12.28 

13'&( 

1 4 . ~ 0  

13.28 

13.54 

13.94 

13.86 

14.22 

14.67 

5.18 5.56 6'86 12.74 

5.91 6.87 8.17 11.58 

6.93 11.90 

10.56 

9.80 

10.27 

9.55 

9.65 

9.60 

7.00 

7.41 

7.6j  

7.80 

7'78 

7.50 

6.6; 

6.22 

5.60 

5.62 

6.10 

6.82 

10.27 

9 . j j  

13.86 1j .24 

1 j . 6 j  

15.47 

70 

11.52 

15.06 

14.97 

14.80 

14.16 

13.8j 

13.94 

14.88 

7.83 

8'24, 

8.46 

9.20 

9.36 

8.46 

8.37 

7.76 

8.19 

7.72 

6.50 

4.30 

3.80 

3.68 

4.18 

5.52 

6 . j ~  

15.12 

1 4 . 6 4 .  

14.68 

1 4 . ~ 6  

14.25 

14.34 

15.14 

12.23 

12.08 

12.45 

12.79 

9.56 

10.07 

10.05 

9.82 

9'32 

9.03 

i::: 
7.28 

7.15 

1.74 

8.00 

9.02 

1 j . d  

16.06 

22' 

fnr 

r4.66;) 

15.32 

153 3 

154 3 

155 4 

156 5 

157 6 

158 7 

I59 8 

11.52 

10.84 

7.83 

15.30 8.74 

9.44 

9'92 

10.24 

10.36 

9.23 

9.12 

8.67 

9.46 

9.34 

8.61 
6'30 

5.94 

6.30 

7.17 

7.93 

8.80 

10.04 

10'37 

fy:;: 
12.90 

12.57 

8.36'1 

8.78 I 9.66 

3. 
--- 

f e e  

15.94 

16.07 

9.00 

9.20 

9.64 

Solar 

r r 
150 0 

151 1 

15.60 

14'2j 

1 2 . 1 2  

12.04 

11.90 

11.60 

11.26 

11 .12  

I:::: 

10.50 

" ' 0 7  

11.36 

11.40 

11.26 

10.10 

10.03 

9.96 

11.28 

11.40 

11.37 

11.95 

9.24 

9.76 

10.40 

11.04; 

67 

11.54 

11.98 

12.77 

152 2 12.26 

12.62 

12.37 

1 2 . 1 2  

11.83 

11.29 

11.54 

13.22 

13.77 

14.18 

15.02 

12.80 

13.48 

13.951 

14." I 
14.34 

12.64 

12.92 

13'44 

13.98 

11.92 

9.92 

10.30 

10.33 

10 .22  

10'08 

9.64 

8.52 

9.64 

8.44 

8.49 

8.82 

9 .o j  

8.86 

8.24 

8.10 

9.03 

9.24 

9.33 

9'20 

8.56 

7.94 



179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

:::$ 
13.16 

13.12 

13.02 

13'12 

13.35 

11.42 

10.84 

11.8; 

11.86 

12.02 

12.32 

12'02 14'00 

12.96 

14.22 

15.371 

15.96 

16.14 

9.60 

8.96 

10.24 

10.30 

10.14 

10.27 

9.14 

8.37 

8.04 

7.57 

6.88 

6.34 

7'79 

7.86 

7.22 

13.7. 

13.66 

13.48 

13.62 

13.97 

14.38 

12.76 

13.08 

Ij.46 

15.54 

15.10 

14.53 

13.86 

12.94 

12.62 

12.90 

13.02 

13.8; 

14.20 

9.26 

9.16 

8.72 

15.05 

14.76 

15.46 

15'56 

15.77 

15.36 

14.30 

12.30 

11.28 

11'46 

11.86 

12'07 

13.07 

15'20 

14'83 

16.51 

16.14 

15.82 

8.46 

8.18 

8.20 

7.18 

7.16 

6.89 

10.26 

9.35 

8.56 

8.67 

7.58 

6.67 

199 

200 

201 

202 

203 

6.33 

6.54 

7.05 

6.40 

6.50 

6.73 

6.16 

5.46 

4.81 

3.84 

3.04 

74 

205 22 

206 22 

1j'86;120723 

209 0 

210 1 

211 2 

12.51 

13'27 

12.96 

13.24 

13.69 

14'34 

8.46 

8.73 

8.78 

::$ 
8.00 

8.16 

10.16 

9.91 

'3'17 9.32 

12.76 

12.10 

11.60 

11.04 

10.92 

11.34 

12.68 

12.96 

13.87 

14.14 

6.92 

6.84 

6.26 

5.32 

4.31 

3.19 

186 6 

187 6 

188 7 

189 8 

190 9 

191 10 

14'90 

16.12 

1 6 . ~  

16'37 

16.14 

15.40 

14'44 
13'38 
13'40 
la's2 

12'50 

13.14 

13'40 

14.58 

10.80 

10.~6 

10.62 

8.62 

8.60 

8.02 6.941 6.56 

7.34 

7.96 

8.56 

7'.z4 

3.49 

3.58 

3.9; 

4.50 

3.46 

5.12 

6.64 

8.14) 

8.86 

9.27 

9.53 

9.54 

8.94 

4.90 

3.88 

6.16 

5.17 

6.05 

6.12 

6.10 

6.50) 

5.94 

5.30 

4.76 

i::: 
4 

74 

204 

205 

206 

201 

2438 

209 

210 

211 

212 

2 1 3  

n 4  

sum 

No. 

'5.33 

16.0~ 

16.07 

16.11 

15.17 

12.43 

12.36 

12.56 

13.47 

13.04 

13.90 

11.12 

11.46 

12.14 

13.31 

n4.64 

16.06 

192 11 

19311 

194 12 

19513 

196 14 

197 15 

198 16 

199 17 

20017 

201 18 

202 19 

203 20 

2@4 21 

Il.gt 

10.5nIr.7~ 

1~.70 

Iz.30 

10.94 

11.~6 

9.16 

9.62 

9.99 

10.77 

9.72 

10.14 

9.23 

9.86 

10.54 

10.j~ 

5.92 

6.20 

6.70 

7.60 

5.71 

6.97 

7.95 

9.16 

9.62 

9.97 

9.52 

9.50 

8.94 

8.67 

6.40 

5.80 

12.16 

12.28 

12.86 

13.~6 

:;::: 
15.5, 

11.74 

12.64 

13.73 

14.2; 

13.84 

14.24 

8.48 

9.16 

9.86 

10.~01 

10.58 I 12.92 

9.10 

10.38 

11.14 

12.10 

12.87 

15.08 

10.36 

10.95 

11.82 

12.83 

11.80 

12.46 

6.48 

5.87 

5.74 

4.76 

3.88 

7.47 6.70 

13.52 

13.92 

14.04 

13.28 

12.37 

13.50 

14.14 

12'72 

13.84 

12.72 

11-64 

11.29 

11.15 

11.68 

it::: 
14.86 

15.72 

1037'69892'75 

74 

11.84 13.14 

13.76 

14.66 

14.50 

14'90 14,32 

14.84 

11.24 

10.36 

8.90 

7.76 

6.78 

8.02 

2.27 

1.84 

1'90 
I .62 
Z.37 
2.4; 

3.82 

5.54 

7.56 

8.jg 

9.14 

10.04 

10.0; 

9.52 

11.44 

12.04 

12.48 

12.26 

10.6.3 

10.52 

10.20 

10.24 

10.32 

10.44 

7.86 

75455 

73 

8.80 

9.54 

10.13 

11.14 

8.66 

9.80 

10.24 I 
11.11 

19.96 

10.90 

9.87 

9.48 

7'05 
8.j8 

8.20 

7.76 

12.81 

12.56 

11.84 

10.70 

9.57 

10.90 

14.58 I 15.68 
15.15 

14.47 

22.96 

7.54 

7.66 

7.10 

6.46 

5.98 

5.16 

3.33 

j o z . 5 ~ ~ 7 6 ~ 4 5 5 ~ 3 8 6 1  

74 

14.58 

14-37 

13.96 

13.32 

:J::: 
13.14 

13.44 

14.18 

15.24 

16.14 

I 

0 . 8 ;  

75 

15.04 

15.91 

16.801 

17.30 I ::::: 
15.j6 

15.30 

14.71 

13.78 

13.14 

12.78 

11.70 

11.72 

13.54 

13.74 

13.67 

13.26 

12.05 

12.10 

11.94 

12.44 

13.02 

13.54 
I I O ?  

I4'5Q 

1 6  

74 

12.~6 

13.00 

13.94 

14.80 

12.13 

00 

12.80 

13.10 

12.55 

12.12 

11.74 

10.64 

10'50 

2.56 

1.84 

1.56 

2.76 

3.22 

4.20 

5.40 

7.24 

8.58 
1°'01 

9'34 
10.95 

04 

6.14 

7.00 

6.16 

5.4 

7.1j 

6.43 

5.65 

8.60 

8.47 

8.45 

8.20 

9.08 

10.16 

11.8; 

12.57 

13.28 

12.42 

11-51 

10.98 

10.84 

11.47 

13.28 

17.06 

17.55 

17.87 

17.46 

16.76 

17.17 

15.86 

14.72 

13.40 

12.71 

12.jo 

12.94 

13.06 

11.47 

IO.'IO 

9.00 

9.04 

8'50 

8.25 

7'7; 

T.44 

5'32 

73 

14.24 

13.56 

12.84 

12.36 

12.64 

13.55 

14.14 

15.26 

16.66 

17.54 

18.371 

1066.39 

73 

16.76 

17.601 

18.22 

18.38 

17.97 

17.04 

16.34 

15.40 

14.0; 

13.41 

13.04 

12.60 

12.69 

7.44 

7.02 

i.60 

8.24 

9.16 

11.34 

13.27 

12.54 

12.00 

11.14 

10.58 

';:6,: 
11.28 

10.60 

10.10 

9.77 

10.20 

10.10 

11.28 

4.46 

3.53 

2.96 

5.17 

5'36 

5.84 

6.43 

7'74 

9'24 

10.93 

11.86 

12.22 

7.63 ,.56/ 8.141 

8.34 

9.84 

8.97 

9.00 

9.38 

10.24 

12.50 

90 

1j.88 

1j.72 

14.71 

13.80 

15.44 

14.11 

12.96 

11.92 

11.34 

11.42 
12.66 
11.70 
12.60 

12.97 

12.14 '4.35 

13.18 

11.94 

10'25 

9.04 

9.04 

9.02 

8.98 

8.40 

7.82 

13.28 

8.86 

9.04 

8.66 

I:::; 

9.13 

8.02 

6.50 

5.5; 

5.10 

5.86 

11.01 

9.94 

10.77 

9.36 

8.01 

8.96 

7.72 

5.33 

5.24 

5.78 

6.26 

7.13 

8.34 

7.02 

6.16 

10.41 

10.37 

10.46 

10.28 

IO,OO 

9.54 

5.64 

5.96 

6.88 

7.7; 

8.76 
10'26 

9'5' 

10.08 

9.04 

8.47 

7.30 

7.04 

6.86 

8.50 

8.38 

8.3; 

8.4; 

8.76 

8.56 

9.36 

9.05 

8.56 

7.60 

6.60 

5.54 

j 9 q . 3 j 4 9 ~ . 3 ) 4 8 6 6 0  

73 

8.28 

7.68 

7.07 

7.31 

6.14 

5.04 

4.36 

4.56 

::it 

14.16 

15.jo 

16.76 

18.04 

1oa1.3989q.21 

73 

12'08 I 

5.97 

6.67 

6.48 

6.84 

6.50 

6.26 

5.84 

7.41 

6 

725.74583'23 

73 

6.9j 

6.04 

5.54 

4.98 

4.66 

5.04 

5.76 

5.40 

6.0j 

6.51 

6.86 

6.76 

6.28 

6.06 

11.98 

11.82 

11.88 

11.72 

11.70 

11.60 

6.10 

6.52 

7.22 

8.20 

9.26 

10.66 

8.3; 

7.62 

6.90 

5.74 

5.26 

4.74 

4.86 

5.42 

6.52, 

10.74 

10.34 

9.64 

9.6.3 

9'50 

9'90 

10.52 

13.21 

13.66 

74 

9.15 

8.76 

7.78 

6.85 

5.95 

73 

12.96 

14.26 

15.18 

~6.26 

17.04 

1070.88 

73 

5.14 

5.96 

7.24 

8.12 

9.041 

9.35 

7.42 

6.46 

5.86 

5.12 

4.79 

5.22 

6.30 

6.86 

6.87 

7.34 

7.52 

7.16 

7.66 

8.27 

7.76 

7.96 

7'86 

7.96 

8.01 

10.40 

10.33 -------- 

-------- 
73 

7.54 9.60 15.k 

8.61 10.53 15.55 

9.66 37 13.15 14.5; 15.10 

13.42 12.16 10.76 9.56 

14.64 12.gq 78 9.16 

15.58 24 10.54 8.38 

7.17 

6.76 

6.66 

6.66 

7.14 

8.06 

E::: 
6.82 

7.24 

7.36 

7.25 

7.14 

7.0; 

218 8 

219 8 

220 9 

221 10 

222 11 

No. o l  
Uayo. 

7S6 12h. 

l - . lb 

14.1 

15'26 

14.32 

13.46 

13.02 

19.54 

5.97 

7.1, 

8.26 

8.86 

9.66 

9.67 

6.03 

5.24 

4.66 

4.24 

4.26 

4.84 

5.34 

5.92 

6'38 

6.76 

6.90 

6.24 

::$ 
7.65 

8.36 

9.33 

10.4 

11.96 

10.16 I 
10.72 

10.59 
9'9h 

1 1 '33 
9.78 

8.76 

8.10 

772 

74 

17.44115.84 

16.16 

73 

3 

213 3 

214 4 

215 6 

216 6 

217 7 

9.76 

10.60 

11.77 

13.14 

14.361 

9.24 

9.72 

9.96 

10.42 

10.8j 

10.50 

8.26 

8'41 

8.56 

8.50 

8.62 

8.94 

11.76 

12.02 

11.83 

12.62 

11.16 

10.54 

10.22 

1060 

74 

12.90 

12.38 

741.68 

74 

13.92 

12.48 

13.12 

13.24 

13.85 

13.97 

12.97 

10.28 

9.82 

10.06 

10.20 

10.44 

10.96 

13.33 

13.24 

12.88 

13.38 

12.57 

12.56 

12.92 

6 

0 . 1  

9.72 

8.82 

----------------- 

----------------- 
74 

13.55 

13.70 

14.24 

15.15 

16.0; 

1041.oj 

7.44 

646 

79 73 1 i 3  

14.29 

14.10 

13.62 

14'38 

14.0~ 

13.44 



FORMS FOR SHORT-PERIOD TIDES. 

5 E n I E s M .-(Continued). 

Ds, O b  l b  
Zb 3b 6"' 7' 8' 9'' 

f e e  

7 

12.78 

13.351 

215 

2113 

217 

218 

21!, 

220 

221 

222 

223 

224 

225 

236 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

16.38 

16.04 

15..19 

19' 

t 

7.18 

7.56 

5.58 

10' 

f e e  

I5.,30 

14.38 

15.18 

13.9h2'48 

12.85 

12.4h 

12,go 

13.56 

1.1.6, 

14.40 

14.91 

1j,46 I 
1j.50 

15.31 

::::: 
15.34 

14.06 

12.44 

11.26 

10.02 

9.86 

11.74 

12.36 

I;.~o 

1+'44 

rj.46 

r;.;j 

17.0; 

16.90 

16.10 

1.3'96 

13.12 

12.15 

1 2  

feet 

I 

18.04 

17.26 

6.45 

7.33 

8 

8.77 

9.04 

8 . 1 ~  

7.70 

7.14 

7.20 

7.80 

8.54 

7.38 

8.22 

9.54 

10.62 

11.47 

12.36 

12.24 

11. 
- -  

feet 

6 6  

247 

?a 
,, 

16..32 I 

14.46 

12.78 

::::: 
12.12 

11.97 

12.18 

12.35 

13.42 

13'64 

14.62 

14.67 

14.4.3 

13.64 

12.52 

11.50 

13.1; 

12.68 

l5'()i 17.78 

16.16 17.52 

20' 

f e e  

10.36 

11.10 

8.40 

11.16 

1.3'36 

11.76 

12.00 

12.3, 

13.18 

1.3.66 

14.54 

14.84 

14.62 

14.08 

1~.08 

11.38 

12.80 

11.04 

9.37 

8.61 

8.06 

8.26 

10.42 

11.16 

12.04 

12.80 

13.29 

12.94 

15.47 

14.94 

13.81 

10.25 

9.20 

8.23 

I 

12.j~ 

1t.e~ 

9 . 8 ,  

8.92 

9.54 

I 

10.10 

10.10 

9.06 

8.54 

8.37 

8.95 

9'76 

10.66 

14.92 

13.46 

,,._ 

13.74 

13.3; 

13.54 

14.28 

1.3.20 

13.80 

14.56 

15.j3 

16.22) 

16.51 

14.81 

12.44 

12.94 

13.67 

14.74 

:;:$ 
17.04 

17.44 

11.53 

17.02 

1j.88 

14.44 

13. 

feet 

: 
16.74 

15.28 

7.98 

10.62 

10'40 

lo.io 

11.36 

11.72 

12.30 

I :::f! 
13.58 

13 64 I .  
12.86 

11.60 

10.11 

8.34 

9.60 

8.16 

7.06 

6.50 

6.46 

6.87 

8.87 

9.57 

10.04 

10.18 

9.94 

9.26 

12.37 8.44 

11.54 

10.j6 

6.47 

5.80 

5'44 

13.44 

13.57 

14.05 

14.96 

15.04 

16.04 

16.82 

17.3.31 

17.47 

11.04 

I 
f e e  

7.27 

9.36 

8.22 

14. 

f e e  

6 0  

13.32 

11.80 

I 

12.06 

1082 

10.06 

11.23 

11.38 

11.42 

11.85 

12.06 

12.06 

13.44 

12.76 

11.89 

10.66 

9.63 

8.72 

10.76 

4'44 5'31 

5.70 
6.44 

21' 

f e e  

13.94 

14.46 

11.50 

1t.66 

11.46 

15.66 

14'47 

12.88 

12.43 

11.96 

11.62 

11.64 

12.50 

11.j6 

12.64 

13.76 

15.21 

15.71 

15.90 

15.38 

15.06 

14.j8 

9.86 

8.73 
8.26 

7.62 

6.96 

6.78 

7.02 

8.64 

9 . 4  

9.08 

8.78 

8.40 

7.2; 
'"4 
6.24 

7.37 

6.26 

5.70 

5.74 

5.97 

6'86 

0 8  

9..36 

8.78 

8.17 

9.96 

10.53 

10.36 

10.40 

10.16 

9.70 

11.00 

1o.00 

8.54 

7.60 

7.07 

6.86 

22' 

f 

16.34 

16.66 

::::: 
12.0; 

11.8; 

I 

11.44 

11.17 

2ah 

feet 

17.16 

16.88 

16.06 

5.62 

::if 
8.65 

9.74 

10.62 

11.15 

11'4j I 
11.22 

12.17 

1 1  84 . 

10.57 

8.97 

7.72 

6.3j 

7.06 

6.11 

5.37 

5.31 

5.62 

6.1; 

6'44 
7'44 

7.60 

7.64 

7.3; 

6.63 

6.06 

5.52 

8.00 

7.46 

3.74 

3.36 

15.72 

14'18 

13.72 

12.67 

12.26 

12'32 

12.26 

13.30 
13'1z 

13.97 
14.21 

14.95 

15.71 

1j.48 

14.88 

14.00 

14.75 

14.01 

7.17 
6.90 

7.04 

11.04 

11.92 

12.68 

13.66 

14.3.3 

16.46 

I 16.36 
15.87 

14.77 

12.99 

11.07 

lb 

e l  

5.06 

6.0j 

5.32 

14.70 

13.60 

13-16 

12.33 

12.34 

1 g::: 
,j 

223 12 

224 13 

225 14 

15.80 

14.46 

13.57 

12.66 

12.90 

13.42 

12.72 

13.38 

13.96 

15.10 

15'96 

16.27 

9.98 

9.44 

9,64 

5.02 

5.6.3 
6.67 

10.68 

5.16 

5.40 

5.83 

6.68 

i::; 
8.35 

8.15 

7.36 

6.86 

5.96 

5.17 

5.56 

.4.97 

4.96 

5.64 

6.34 

7'4+ 

226 14 

22715 

22816 

229 17 

23018 

231 19 

232 19 

233 20 

23421 

23522 

236 23 1 
238 0 

14.77 
13.60 

I 16.62 
16.j6 

15.9; 

14.77 

13.64 

12.25 

4.54 

5.74 

7.45 

9.12 

10.0; 

10.621 

10.72 

10.18 

10.70 

9 97 . 

8.64 

7.34 

6.36 

5.46 

5.50 

5.05 

4.8j 

5.38 

5.78 

6.26 

6.21 

6.24 

5.76 

j.1; 

4.34 

3.66 

3.48 

5.38 

j.47 

2-56 

2.56 

3 . 5 ~ ~ 3 2  

14.79 
13.88 

15.80 

16.1~ 

16.38 

15.84 

15.10 

13.86 

11.04 

,::$ 
9.74 

10.64 

12.02 

13.80 I 
14.06 

13.73 7.81 

8.57 

9.16 

I 9.22 
8.66 

7.37 

8.24 

6.50 

5.32 

4.52 

3.70 

3.84 
25616 

2 5 7 1 6  

na.70/a6a'6 

239 0 

240 1 

241 2 

242 3 

243 4 

244 5 

7.74 

8.00 

s.;, 

1 T h /  18. 

II.57 

9.82 

10.20 

10.80 

11.70 

rj'oo 

14.36 

1 3 . ~ 6  

13.14 n ' - ' 61  

13.40 

14.561 

1~.1~115.30 

15.~6 

15.24 

14.44 

9.83 

10.73 

11.26 

11.85 

11.96 

14.44 I 
13.83 

12.42 

10.84 

9.17 

7.87 

6.44 

6.34 
7-34 

4.80 

6.44 

7 

8.90 

9.671 

10.20 

10.26 

9.34 

9.34 

8.77 

7.46 

6.70 

6.10 

5.74 

2:;: 
5.4, 

5.64 

6.34 

6.47 

7'02 

6.66 

5.63 

4.78 

3.90 

3.17 

2.67 

3.10 

3.90 

4.8; 

3 "  

3.60 

f e e  

8 

4.18 

3.80 

4.10 

5.07 

5 8 6  

7.00 

7.69 

7.66 

7.53 

6'44 

6.06 

5.56 

5'36 

4.97 

5.06 

5.70 

6.67 

7.52 

8'64 

11.72 

11.43 

11.94 

12.76 

13.66 

15.02 

16.0~ 

8.84 

9.67 

10.02 

10 04 I ' 

9.30 

11.04 

9.98 

8.56 

7.23 

j.97 

5.34 

8.97 

8.jo 

7.60 
63' 

6.47 

7.36 

-__-----____ 
f e e t  

5.07 

::;: 
4.02 

4.64 

j.84 

6 

7.70 

8.30 

7.5; 

7.24 

6.28 

6.14 

6'35 

6'54 

5.74 

6.36 

7.24 

8.36 

9.30 

10'38 

8.36 

8,871 

9.18 I 
8.90 

8.02 

6.55 

:::: 
4.46 

3.44 

3.00 

2.94 

3.92 

8.02 

:J:E' 
12.66 

-12.98 

13.74 

14.86 

15.98 

16.64 

16.50 

16'86 

16.68 

16.04 

5.12 

5.73 

.26 

1 3 . ~ 6  

12.92 

12.84 

13.14 

13.93 

14.7, 

rj.76 

14.22 

14.94 

15.42 

15.47 

11.96 

11.48 

10.86 

10.38 

9.98 

9.6, 

6.80 

7.26 

8.06 

9.14 

10.36 

245 6 

246 6 

247 7 

248 8 

249 9 

250 10 

251 11 

252 11 

253 12 

254 13 

255 14 

6.36 

7.56 

8 . 1  

9.03 

4.58 7'04 

6 8 

13.06 

12.~6 

12.02 

12.00 

12.06 

12.52 

:;::: 
10.87 

11.72 

12.45 

13.4.1 

9.67 

9.63 

9.14 

8.14 

6.70 

5.63 

3.84 

3.17 

3.30 

3.94 

5.16 

10.14 

7.77 

8 

1 . 6  

10.67 

10.54 

9.86 

9.04 

8.06 

7.24 

4.58 

4.55 

5.07 

6.16 

7.43 

9.721 

7 

10.94 

10.82 

10.50 

10.00 

9.88 

10.00 

8.96 

8.84 

9.62 

10.83 

11.84 

13.04 

11.26 

11.64 

11.96 

11.38 

11.26 

10.76 
8.80 
10.66 
8.16 

7.96 

8.20 

8.70 

9'94 

11.06 

9.54 

12.oi'14.12 

4 

12.10 

11.54 

11.34 

10.71 

10.76 

11.16 

10.06 

10.72 

11.70 

13.20 

14.36 

15.14 

::::: 
13.~6 

13.64 

12.9: 

12.55 

12.36 

12.80 

10.78 

10.88 

11.40 

12.20 

13.47 

14.30 

12.25 

7.02 

8.36 

,.,a( 

8.54 

9.95 

9.34; 

9.77 

10.00 

9.92 

8.97 

8'82 8.84 

8.36 

7.31 

6.84 

6.94 

7.13 

7.72 

6.72 

7.12 

7.85 

7.80 

8.1; 

7.7b 

5.9; 

5.02 

4.03 

2.5.3 

3.72 

4.46 

4.20 

5.60 

9.jsll1.10 

,o.sa 

06 

10.f: 

10'14 

9.63 

9.08 

9.26 

8.48 

7.76 

7.80 

8.63 

9.22 

10.28 

8.8.3 

9.24 

9.86 

9.63 

9.66 

9.20 

7.17 

6.24 

5.50 

5.38 

5.66 

6.74 
"j2 
7 ' 9.: 
7.04 

15.36 

13.94 
.,.7r 

1 0 ~ j 8 ) ~ ~ ~ 8 0  

12.60 
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FORMS FOR SHORT-PERIOD TIDES. 
B o u B A Y-Commencing 0 hours, Astronomical Time, 1st January, 1885. 

Argument (y  - 27). S E R I E S  P .  Motion per mean Solar hour = 14O.9589314. 
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CEAP. VII.1 NUMERICAL HARMONIC ANALYSIS OF THE TIDES. la; 



TIDAL OBSERVATIONS. [cw nr I 

i-i 
El r; 
Q % 
8 .g P: - 
C d 



257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

m l  

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 
- 

sum 

No' 

11'43 

12.20 

11.97 

11.52 

10.67 

9.24 

7.88 

6.36 

5.48 

4.94 

5.22 

4.88 

5.54 

6.75 

8.47 

10.44 

12.40 

13.66 

13.92 

13.26 

11.97 

9.62 

7.50 

5.96 

5.38 

6.06 

6.04 

6.58 

7.80 

9.16 

10.10 

11.04 

12.06 

12.58 

12'94 

12.81 

12.17 

10'86 

9'66 

683,96676.63 
- -  

'A 

10.94 

11.3'3 

11.87 

11.88 

11.6j 

10-86 

9.68 

8.04 

6.87 

5.94 

6.65 

5.77 

5.42 

5.80 

7.04 

8.86 

10.86 

12.66 

13.88 

14.17 

13.90 

12.14 

9.87 

7.74 

6.54 

7.47 

6.91 

6.90 

7.42 

8.44 

9.27 

10.37 

11.48 

12.54 

13.28 

13-77 

13.66 

13.12 

11.93 

'A 1 

8.44 

9.34 

10.42 

11.j~ 

12.62 

13.55 

14.03 

13.8; 

13.68 

12.62 

14.06 

8'70 

9.16 

9.92 

10.97 

12.04 

13.17 

14.06 

14.64 

15.18 

14.76 

15.76 

14.90 

13.77 

12.22 

10.38 

8.94 

8.j6 

8.77, 

9.72 

11.34, 

8.26 

9.48 

10.34 

11.18 

11.23 

11.30 

lo.ro 

9.02 

7.84 

8.4 

6.93 

5.50 

4.60 

4.06 

4.44 

5.78 

7.64 

9.92 

11.98 

14.04 

14.4, 

13.43 

11.15 

8.86 

6.67 

8.04 

6.20 

5.92 

6.20 

6.44 

7.41 

8.56 

10.03 

11.53 

12.88 

13.96 

14.34 

14.15 

13.10 

649.846j7.jo686.26 

T4 

9'641 

10.60 

11.54 

12.06 

12.46 

12.34 

11.j6 

ro.ro 

9.06 

8.06 

8.86 

8.76 

9'88 

11.08 

11.88 

12.82 

13.24 

13.16 

12.32 

11.46 

10.08 

11.54 

9.87 

10.56 

10.80 

11.0j 

10.4 

9.92 

8.38 

7.29 

6.12 

6.00 

4.93 

3.83 

3.6; 

3.96 

5.32 

7.10 

9.05 

11.16 

12.48 

13.20 

12.66 

10.54 

7.85 

j.86 

4.42 

5.50 

4.52 

4.58 

5.47 

6.36 

7.66 

9.22 

10.57 

11.78 

12.78 

13.07 

12.80 

11.80 

10.1j 
- 

71 

7.04 

8.44 

9.74 

10.94 

11.67 

12.~8 

11.92 

11.07 

9.97 

11.24 

9.67 

i.97 

6.44 

5.34 

4.61 

5.25 

6.61 

8.4 

11.16 

13.84 

15.39 

15.71 

14.38 

12.43 

9.72 

11.13 

8.94 

7.85 

7.44 

7.32 

7.56 

8.06 

9.26 

10.6; 

12.06 

13.77 

15.00 

15.8, 

15.67 

1 74 

12.71 

11.62 

10.70 

10.01 

8.86 

7.74 

6.64 

5.90 

5.;4 

5.74 

4.56 

5.10 

616 

7.65 

9.24 

10.83 

11.93 

12.61 

12.04 

10.60 

7.97 

5.74 

3.96 

3.37 

3.77 

I 

4.31 

5.80 

7.14 

8.3; 

9.52 

10.30 

10.88 

10.90 

10.62 

9.76 

8.06 

6.60 

5.14 

711.23 
- -  

74 

7.j6 

6.51 

6.17 

6.68 

7.87 

9.52 

11.46 

13.56 

14.66 

15.26 

14.54 

12.74 

10.58 

8.77 

10.01 

8.53 

7.84 

7'74 

8.24 

8.97 

9.76 

10.82 

12.07 

13'04 

14.04 

14.56 

14'54 

14.14 - -  
701.39 

?A 

9.18 

9.13 

9.60 

10.23 

10.96 

12.08 

13.18 

14.36 

~j.,zi 

15.76 

16.07 

15.94 

15.60 

14.26 

12.56 

10.67 

9.40 

8.56 

8.32 

9.06 

11.64 

11.3; 

10.91 

10.64 

9.64 

8.74 

7.14 

6.17 

5.30 

:::: 
3.93 

3.54 

4.30 

5.42 

7.02 

8.89 

10.54 

12.14 

12.52 

12.11 

1 0 ~ j  

7.7; 

5.28 

3.98 

3.17 

3.62 

3.47 

4.44 

5.84 

7.08 

8.47 

9.78 

10.82 

11.50 

11.94 

11.52 

10.30 

9.03 

7.32 

670.97 

75 

9.95 

9.34 

9.42 

9.48 

9.85 

10.6~ 

11.60 

12.87 

14.28 

1j.26 

14.86 

15.62 

15.98 

15.46 

14.16 

12.44 

10.68 

9.10 

7.60 

7.37 

10.88 

9.87 

9.54 

9.04 

g.96 

9 . 2 ~  

9.86 

10.7.3 

12.24 

13.46 

12.14 

13.71 

14.86 

15.2, 

14.83 

13.;4 

12.08 

10.17 

7.9, 

IO'O~! 12.74 

8.50( 11.14 

8.63 

10.49 

12.54 

14.56 

15.72 

14.21 

14.36 

14.26 

13.64 

12.12 

11.01 

9.86 

8.96 

8.12 

7.18 

6.96 

6.8; 

7.47 

8.61 

888.81 

iA 

6.70 

7.50 

8.6b 

10.89 

12.71 

11.04 

11.93 

12.74 

13.06 

12.22 

11.52 

10.4 

9.55 

8.56 

7.36 

6.50 

5.64 

5.46 

6.02 

I 

6.44 

7.j~ 

9.06 

10.46 

11.60 

12.82 

1.3.16 

13.02 

1rj4 

13.97 

12.77 

11.14 

9.03 

7.30 

5.8; 

j.;6 

6.06 

7.14 

9.77 

12.76 

15.04 

16.8; 

16.70 

15.4; 

13.44 

14.40 

11.94 

10.30 

9.04 

8.34 

8.04 

7.74 

8 . ~  

9.30 

10.48 

12.48 

14.16 

15.96 

16.;8 

729.jq 

* 

13.971 

16.~71 

17.1~ 

'7.40~ 

16.82 

7.421 

7.20 

7.56 

8.j3 

10.12 

12.37 

14.52 

15.99 

16.28 

15.25 

13.66 

11.76 

12.74 

10.52 

9.30 

8.64 

8.54 

8.94 

9.36 

9.9; 

1 1 . i ~  

12'24 

13.50 

14.48 

15.0: 

15.62 

742.61 

74 ( 

7.34 

7.33 

7.72 

8.56 

9.74 

11.17 

12.50, 

14.04 

15.33 

15.66 

16.35 

16.01 

14.84 

12.69 

10.37 

8.54 

7.07 

6..;8 

6.58 

8.58 

11.07 

14.16 

16.33 

17.64 

17.22 

17.22 

16.24 

14.67 

13.06 

11.24 

9.91 

8.86 

8.07 

7.56 

7.70 

8.76 

9.96 

12.00 

14.16 

I i4 

11.06 

10.66 

9.86 

9.01 

8.54 

8.06 

8.07 

8.45 

9.67 

10.6; 

9.06 

10.64 

12.14 

13.48 

14.0; 

13.97 

13.04 

11.30 

9.26 

6,827.46 

6.67 

7.14 

8.35 

9.52 

10.92 

12.42 

13.44 

14.14 

14.50 

15.6; 

15.34 

14.16 

12.2; 

9.97 

7.9; 

6.66 

6.30 

6.37 

7.94 

10.92 

13.48 

16.30 

17.32 

17.34 
16'2.i 

17.55 
16.50 

14.56 

12.70 

10.9; 

9.60 

8.76 

8.02 

7.90 

8.14 

8.86 

10.52 

12.26 

14.52 

16.26 

7S 

11.26 

11.80 

1i.62 

16.86 

17.12 

9.6j 

8.44 

7.92 

8.21 

9.18 

11.18 

13.2; 

15.54 

16.98 

16.~2 

16.26 

14.62 

15.12 

13.06 

11.26 

10.04 

9.26 

9.08 

9.12 

9.24 

9.97 

10.77 

12.16 

13.40 

14.56 

1j.;6 

75 

12'76 

11.30 

10.24 

9.38 

8.42 

7.54 

6.97 

6.71 

7.34 

7.88 

6.37 

7.47 

8.87 

10.57 

12.07 

12.81 

13.08 

12.30 

10.84 

8.74 

5.98 

5.61 

5.94 

7.40 

9.14 

7.42 

8.64 

10.3j 

11.36 

11.46 

11.46 

10.68 

10.22 

9.27 

8.12 

6.88 

5.46 

4.j6 

4.24 

886.4~82j.8~ 

74 

6.37 

5.14 

4.14 

4.72 

6.06 

4.80 

6.01 

7.88 

9.07 

10.00 

10.73 

10.66 

10.70 

10.10 

9.26 

7.96 

6.30 

4.96 

3.86 

769.07 

7 

8.36 

7.86 

7.46 

7.74 

8.36 

9.62 

10.70 

12.68 

14.46 

14.20 

15.80 

16.37 

16.21 

14.83 

13.07 

10.76 

8.81 

7.34 

6.06 

6.74 

8.36 

10.84 

13.48 

16.26 

1j.06 

16.16 

16.32 

15.54 

14.36 

12.i~ 

11.17 

10.06 

8.80 

7.7; 

7.28 

7.36 

7.92 

9.24 

11.00 

; l ) o ~ 8 g ~ ~ 9 ~ . z q ~ - 7 ~ r ~ ~ ~ ~ ~ ~ ~  
1 -  

16.06 

15.64 

14.41 

13.04 

11.46 

10.14 

9.27 

8.68 

8.23 

7.88 

8.34 

8.84 

9.98 

11.76 

I 

9.74 
8.66 

7.67 

7.42 

7.26 

7.86 

8.70 

10.30 

12.23 

11.46 

13.61 

1j.04 

15.96 

15.87 

14.81 

12.86 

10.63 

8.76 

6.50 

5.94 

6.38 

7.77 

9.84 

12.76 

11.70 

13.j8 

14.74 

15.01 

14.36 

13.46 

12.30 

11.16 

9.84 

8.55 

7.65 

6.77 

6.jo 

7.24 

8.32 

?A I ,A 

16.3; 

15.02 

13.26 

11.80 

10.30 

9.61 

9.08 

8.77 

8.90 

9.14 

10.00 

11.12 

12.60 

14.36 

1 7A I 7I 

11.16 

9.84 

8.44 

7.64 

6'68 

6.55 

6.90 

7.96 

9.34 

8.47 

lo.jz, 

12.33 

14.09 

15.16 

15.06 

14.16 

12'30 

10.5; 

7.97 

6.30 

5.47 

5.85 

7.20 

9.26 

8.40 

10.36 

12.13 

13.36 

13.40 

13.28 

12.88 

12.02 

10.90 

9.74 

8.65 

7.26 

6.22 

6.16 

6..36 

iXj.58 ----- 
I 4 

80j.i;4846.~58;96j 

1 3 - 2 2  

10.90 

9.64 

8'34 

6.86 

6.10 

5.75 

6.07 

6.94 

6.20 

7'73 

9.34 

11.42 

13.24 

14'13 

14'44 

13'68 

12.10 

9.84 

7'68 

5'8; 

5.07 

5.4; 

6.56 

6.26 

7.7; 

9.47 

11.14 

11.82 

12-32 

13.66 

12.40 

11.78 

11.07 

10.02 

8.52 

7.10 

6.40 

5.84 

747.06 

74 

11..10 

11'62 

10'73 

9.42 

7.74 

6.54 

5.50 

5.14 

5.36 

4.97 

5.58 

6.97 

8.56 

10.76 

12'37 

13.68 

14'16 

1 3 . ~  

11.56 

9.72 

7.36 

5.66 

4.98 

5.24 

5.44 

6.24 

7.4; 

9." 

10.44 

11.06 

11.92 

12.34 

12.36 

12.15 

11.54 

10.36 

8.82 

7.67 

6.47 

708.59 

74 

25816 

25916 

260 16 

261 16 

262 16 

263 16 

264 16 

265 16 

26616 

267 17 

268 17 

269 17 

270 17 

271 17 

272 17 

n 3 1 7  

271 17 

Pi5 17 

27617 

277 17 

8 8  17 

2i9 17 

28017 

281 17 

282 18 

233 18 

2& 18 

285 18 

286 18 

267 18 

288 18 

289 18 

290 18 

29118 

29a 18 

893 18 

2% 18 

295 18 

296 18 

No. 
Of DaPI, 

11i$::i2 



FORMS FOR SHORT-PERIOD TIDES. 

8 E R I E s P.-(Continued). 

I ~ J  0' 1' sh 6h 7. C 9. 10' 11. 12' 13. 1 1  15' 16. 17' Ish 19' 20' 21' 

fret feet fret feet 

23. --- 
feet 

6.88 

6 . 0 ~  

5.94 

7.14 

8.86 

11.01 

12.74 

14.04 

14.54 

14.13 

12.62 

10.85 

8.67 

7.46 

6.46 

6.60 

6.98 

7.56 

8.10 

8.78 

9.66 

10-86 

1 1 . 8 ~  

1 2 . 8 ~  

13.47 

13.94 

13,,33 

12.25 

lo.44 

8.40 

6.88 

7.26 

5.89 

5.72  

6-64/ 

297 

9 8  

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

3% 

325 

1;:;: 
d h 

297 19 

29819 

29919 

a0019 

801 19 

302 19 

303 19 

30419 

305 19 

306 19 

307 19 

308 19 

309 19 

310 19 

311 19 

312 19 

313 20 

3 1 4 2 0  

315 20 

316 20 

317 20 

3 1 8 2 0  

319 20 

3 2 0 2 0  

321 20 

322 20 

32320 

3 2 4 2 0  

3% 20 

32620 

327 20 

a28 21 

a2921 

33021 

8.8; 

7.36 

6.38 

6.5; 

7.5R 

9.42 

11.30 

1.3.04 

14.38 

15.08 

14.56 

13.2; 

11.25 

9.60 

8.00 

;..3j 

7.98 

7.92 

8.00 

8.46 

9.14 

9.76 

10.76 

11.84 

1.3.00 

1.3.94 

14.28 

8 

1t.84 

11.4; 

9.64 

7.70 

7.02 

7.14 

8.12 

9.76 

11.45 

13.40 

14.96 

15.55 

15.16 

13.84 

12.20 

10.44 
9'00 

l l . z 4  

9.96 

9.16 

8.60 

8.68 

8.92 

9.04 

9.71 

10. j6 

I I . ; ~  

13-04 

14.14 

1 

14.46 

1j .50 

1j.26 

14.29 
12.38 

'i:;: 
11.32 

r4.7-3.33 

r3.96 

14.80 

14.06 

,3.76 

14.12 

1 2 . 4 j  

9.92 

8.46 

7.44 

7.64 

8.54 

9.76 

11.67 

13.80 

1j .25 

1 j .84  

15.52 

1 4 . j j  

13.10 

13.4,; 

f 2 . 0 0  

10,681 

9.65 

9.30 

8.96 

5.46 

8-05 

10.74 
11.68 

1j.w 

14.84 

12.68 

10.56 

8.84 

7.92 

7.93 

8 .1 j  

9.60 

11.64 

13.56 

Ij .03 

15.84 

15.67 

14.76 

14.j0 

13.52 

12.24 

10.96 

lo'oo 

3.00 

5.16 

7.81 

10.56 

16.22 

16.04 

14.78 

13.14 

10.91 

8.94 

7.84 

7 . 2 2  

7.j3 

9.0.7 

10.92 

12.98 

1 4 . j j  

1 j .28  

15.16 

14.36 

14.02 

13.26 

1z.18 

10.94 

9.66 

8.80 9.16 

8.88 8.19 

9.64 

8'42 

i .43 

6.27 

3.86 

5.77 

I 

8.07 

9.96 

1.66 

2.94 

5.32 
8.18 

I:':;I 
11.3d 

1 2  

15.081 

14.81 

15.60 

15.58 

14.64 

12.84 

10.40 

8.40 

7.02 

6.30 

6.96 

8 . 1 2  

9 78 

11.68 

1 j . 1 j  

12.66 

13.37 

13.26 

1z.j8 

I I ' ~ ;  

10.40 

10.14 

9'04 

7'86 

6'31 

5.13 

4.14 

I 

4.96 

6.40 

2.20 

2.16 

3.66 

6.28 

8.13 

8'38 

9.30 

1 2 . 8 ; 1 0 . j 6  

1 6  

13.97 

11.87 

13.70 

14.;8 

15.04 

13.84 

11.85 

9.60 

7.48 

5.88 

5.44 

5.82 

7.04 

8.46 

10.1j 

I . ~ . ~ z I I . $ o  

9.94 

11-10 

12.06 

12.23 

11.80 

11.10 

7-50 

7.03 

7-45 

7.98 

6 

11.41 

1 j .17  

10.74 

9'96 

8.83 

7.08 

5.46 

3.74 

2 . 7  

2.57 

3.62 

4.15 

3.11 

3.26 

4.97 

13.27 

8 .5 j  

10'51 

12.36 

13.76 

13.86 

12.91 

10.88 

8.84 

6.50 

5.04 

4.22 

4.71 

5'64 

7'00 

8.36 

7.20 

8.81 

10'17 

11.04 

11'36 

11'37 

11.18 

10-86 

10.03 

8.52 

6.76 

4.67 

2 

1.63 

1.76 

6.95 

5.16 

4 . 4 ~  

4.83 

5'46 

7'15 

9'26 

11'4; 

1z.j7 

12.06 

10.32 

8.20 

5.86 

4.10 

3.46 

3'63 

4'47 

5'66 

4.97 

6.52 

8.00 

9.16 

1 0 . ~ 8  

11'01 

11.32 

11.50 

11.16 

10.2.3 

8.80 

6.71 

6 

2.j8 

1.54 

10.46 

7.96 

6.34 

5.73 

3.46 

4.66 

6.36 

8.74 

10.68 

1 3 . 1 2 1 2 . 2 6  

12.64 

11.48 

10.07 

7.79 

5.32 

,3.86 

3.01 

3'0.3 

3.69 

3.56 

4.86 

6 .2 j  

7.62 

8.91 

10.20 

11.06 

11.80 

12.23 

1a.92 

11.15 

9.27 

0 

4.74 

3.26 

13.81 

11.23 

8.86 

7.34 

2'87 

2'92 

4'20 

6.42 

8.54 

10,;s 

12.40 

12.55 

11'93 

1 0 . 1 2  

7.70 

5'60 

4'08 

3'22 

2'94 

3.77 

4'33 

5'31 

6.j4 

7'84 

9.26 

10'38 

11.55 

12.80 

13.1; 

13-20 

12 .02  

1 0 0  

5.64 

6.02 

16.44 

14.30 
11.67 

9.38 

4'1; 

3'10 

3'07 

4'70 

6.84 

9'" 

11'4; 

11.87 

13'36 

12.66 

10'85 

8'44 

6.50 

5'03 

9.94 

5.34 

5'20 

5'50 

6.20 

7.18 

8'46 

9 . j 8  

10'96 

12.64 

13.6.3 

14'66 

14.40 

I 

1 1 . 1 2  

9.zj  

17.j4 

16.57 

14.58 
12.05 

6.35 

4.72 

3'72 

4'22 

5'56 

7.66 

1 0 . 1 0  

12.46 

14.04 

14'54 

13.60 

1 . 7 4  

9.62 

7'60 

6.18 

7-72 

6.90 

6'66 

6.84 

7'20 

8.10 

8.94 

9.98 

11.66 

1.3.10 

14.98 

15.66 

6 

14'22 

12.97 

16.82 

17.22 

1 6 . 3 3  

14.37 

9.32 

7'47 

5'55 

5'00 

5.2; 

6.68 

8.76 

11'36 

13.66 

I j ' . Z i  

15'51 

14'64 

1.3.08 

10.76 

9.01 

10.56 

9'14 

8.34 

7.96 

7 8 6  

8.14 

8'71 

9.08 

1 0 . 2 j  

11.86 

1.3.87 

15.44 

6 

16.47 

15.66 

14.56 
16.23 

16.5; 

1 5 . 7 ~  

13.00 

1 0 . j ~  

8.04 

6.80 

5'98 

6.30 

7'68 

9.70 

12.30 

14.86 

16.05 

16' jo 

15.81 

14'05 

12.24 

13.46 

11'80 

10.52 

9.38 

8.80 

8.6h 

8'90 

8.64 

9.04 

10.18 

11.76 

13.71 

1 5 9 0  

17.07 

17.40 

1r.38 

13.81 

15.a8 
rs.80 

1 5 . 9 j  

13.92 

11.05 

9.02 

7.33 

6.72 

7'01 

8.28 

10'26 

13'04 

15.06 

16.72 

1 7 . 1 2  

16.38 

14.92 

15.64 

14'20 

12.80 

11.14 

9.98 

9'44 

9.50 

8.75 

8.36 

8.76 

9.58 

11.16 

3 7 6  

15.7j  

17.15 

8.50 

10.68 

12.84 

1 4 . 5 ~  

17.47 

16.35 

14.10 

11-88 

9.36 

7.86 

7.06 

7.14 

8.61 

10.66 

12.86 

15.38 

16.72 

17'0j  

16.53 

16.34 

1j.72 

14.44 

12.91 

lr .46 

10.56 

10.42 

9.38 

8.34 

7.98 

8'10 

8.74 

0 6  

12.96 

15.37 

6 . 3 ~  

8'07 

9.9.3 
' a . rg  

17.44 

17'36 

16.17 

14-60 

1 1 . ; ~  

9.44 

7.90 

6.80 

7.37 

8.56 

10.40 

12-86 

14'87 

16.14 

16.56 

15.71 

15'81 

15.18 

14.18 

12.86 

11.74 

11.46 

10.38 

8.96 

7.96 

7.27 

7.02 

I 

9.86 

12.23 

5.44 
6'16 

7.47 
9'g4 

15.71 

16'74 

16.96 

16.14 

14.00 

11.50 

9'22 

7.40 

6.86 

7.12 

8.16 

9.98 

12'03 

13.92 

15 '16  

13.92 

14.66 

14.68 

14.40 

13.86 

12.76 

5-74 

5.50 
6.23 
' " 9  

I Z . ~ ~  

11.46 

10 .02  

8.75 

7.36 

6.40 

5 

7.26 

9.00 

12.68 

14.57 

16.12 

16-22 

15.22 

13.34 

10'9; 

8.84 

7.24 

6.44 

6.53 

7'70 

9'20 

11.10 

12.66 

11'46 

12.72 

13.32 

1.3.64 

1.3.83 

13.34 

13.10 

12.41 

11 .20  

10.13 

8.22 

6.78 

8 

j.65 

6.75 

9.66 

11.6; 

14.06 

15.16 

15.38 

14.46 

12'56 

10.74 

8.35 

6.77 

5'96 

6.25 

7'26 

8.66 

10.06 

9.28 

10.71 

11.56 

12.37 

12.96 

13.26 

13.15 

13.07 

12.46 

11.64 

9.82 

8.22 

6 . 6  

5-46 

5.63 

1 2 . 6 ~  

13.16 

13.z.3 

13.14 

11.76 

10.3; 

8 . n  

6.44 

5.6.3 

7.28 

8 .8 j  

11.35 

13.26 

14.58 

14.66 

13.72 

12.56 

10.36 

8.02 

6.51 

5.93 

6.32 

6.87 

7.96 

7.66 

8.96 

10.02 

10.90 

11.72 

12.61 

5.84 

5.94 

6.76 

8.82 

10.86 

1z.8R 

13.96 

14.38 

13.87 

12.50 

10.14 

8.24 

6.71 

6.37 

6.16 

6.f4 

6.86 

7.82 

8.76 

9.58 

10.53 

1 1 . j ~  



331 

332 

333 

334 

335 

336 

337 

338 

339 

3.10 

341 

342 

343 

344 

345 

346 

347 

348 

369 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 

365 

364 

365 

366 

367 

368 

369 

sum ' 

No. I 

6.14 

6-86 

8'41 

10.31 

12.14 

13'73 

14.46 

14.60 

13.86 
" 

12-94 

11.91 

10.57 

1r.jo 

10.02 

8.82 

8.27 

8.24 

7.83 

7.83 

8.36 

9.17 

10.80 

13.00 

15.03 

15.81 

15.24 

13.44 

13.70 

10.96 

6 

6.00 

5.70 

5.57 

6.86 

7'86 

9'64 

11.26 

12.72 

14.00 

---- 
770'71 

---- 
74 

6.54; 

6.34 

6.86 

8.37, 

11.78 

9.30 

7.32 

5.725.86 

5.04 

5.06 

5.98 

7.33 

8.93 

10.64 

12.12 

13." 

11.58 

12.14 

12.24 

12.02 

11.27 

10.~2 

8.8j 

6.82 

4.92 

3.64 

3.42 

4.27 

5.91 

8.55 

10.98 

9.92 

13.24 

1 6  

12.84 

11.06 

8.94 

7.17 

5.62 

4.52 

4.33 

4.34 

... 

73 

8.04 

6.56 

6.14 

6.68 

ra.86 

t0.84 

8.81 

6.88 

5.23 

4.41 

4.22 

5.11 

6-32 

7.77 

9.32 

10.72 

9.47 

10.36 

rI.Ij 

11.81 

II.;O 

11.00 

10.11 

8.20 

6'07 

4.12 

2.93 

2.40 

3.10 

5.06 

7.68 

6.64 

10.55 

1 2  

13'10 

12'32 

10.64 

9.14 

1.06 

5.76 

4.86 

4'11 

... 

734.99690.3962j.86 

74 

10.04 

7.70 I 6.37 
6.00 

6.84 

8.58 

10.26 

12.16 

13.44 

14.07 

14.24 

13.45 

13.00 

12.26 

11.48 

10.53 

9.36 

7.86 

6.15 

4'90 

4.47 

5.17 

7.00 

9.26 

12.16 

14.14 

13.24 

14.83 

I 

11.62 

9.40 

'I.27 

5.87 

4'78 

4.45 

4.96 

5'74 

... 

773.28 

73 1 

10.0~' , 
11.85' 

I 
13-36 

14.56' 

14.76 i 
14.40 I 
13.581 

12.jj 

7.76 

9.10 

11.28 

12.94 

14.1; 

14.70 

14-48 

14.00 

13.16 

12.16 

10.45 

8.64 

6.52 

5.04 

3.96 

3.87 

4.31 

5.58 

6.72 

8.06 

7.26 

8.34 

9.47 

10.84 

11.61 

11.54 

11.13 

9.97 

7.94 

j.82 

4.16 

2.20 

1.55 

2.64 

4.48 

4.73 

7.68 

I 

12.28 

12.86 

12.10 

11.00 

9.15 

7'66 

6.36 

5.34 

... 

73 

10.73 

11.53 

12.86 

12.07 

10.56 

8.66 

6.97 

5.64 

4.64 

4.16 

3.96 

4'58 

5.0; 

5.59 

6.87 

8.46 

10.38 

11.51 

12.42 

12.90 

12'03 

10.84 

9.00 

6.57 

4.00 

"57 

1.77 

3.08 

4.33 

5 3  

9.22 

11.47 

13.12 

13.68 

13.23 

12.43 

11.00 

9.78 

... 

73 

12.24 

12.76 

11.84 

10.40 

8.jo 

6.57 

5.07 

4.05 

3.72 

4.12 

4.74 

5.93 

5.64 

6.54 

8.01 

9.56 

11.14 

11.74 

11.9j 

11.56 

10'07 

8.20 

6.37 

3:93 

1.93 

1.50 

2.36 

3.07 

5.43 

I 

10.74 

Iz.jo 

13.01 

12.70 

11.26 

9.97 

8.55 

7.23 

... 

587.29 

73 

13.03 

11.60 

ro.2z 

9.36 

8.80 

8.04 

7.22 

7.04 

7'18 

8.50 

10.50 

13.10 

15.20 

16.17 

15.46 

15.36 

13.30 

0 6  

7.78 

6.3; 

5.52 

5.72 

6.12 

1'34 

8'91 

10'52 

12.18 

802.26 

75 

13.80 

12.65 

11.48 

10.54 

9.62 

8.58 

7.36 

6.26 

5'7j 

6.30 

7.72 

10.20 

12.64 

14.94 

1j.86 

15.32 

14.6R 

I 

9.85 

7.72 

6 . 1 ~  

5.37 

5'05 

5.52 

6.66 

7.90 

9.431 

798.49 

74 

8.96 

11.48 

13.08 

13.31 

12.60 

11.20 

9.54 

7.81 

6.j6 

5.63 

4.91 

2:;: 
5.86 

5.67 

6.45 

7.76 

9.49 

10.96 

12.30 

13.50 

13.66 

13.27 

12.12 

9.7; 

7.06 

5.14 

3.30 

4.74 

4.63 

8 

7.96 

10.24 

12.46 

13.81 

14.~0 

14.27 

13.44 

12.44 

... 

575'29601.92 

74 

7.30 
10.14 

12.42 

13.88 

14.12 

13.52 

12.26 

10.61 

9.06 

7.85 

6.70 

8.20 

1.43 

6.77 

6.7j 

7.56 

8'78 

10.14 

11.78 

13.36 

14'48 

14.95 

14.97 

z.3.2; 

10.68 

8.44 

5.83 

6.97 

5.97 

6.14 

7.33 

9.12 

11-26 

12.94 

14.32 

15.18 

1j.21 

14.65 

... 

644.62 

73 

6-24 

8.60 

11.25 

13.62 

14.40 

15.24 

14.54 

13.20 

11.87 

10.36 

9.02 

10.34 

9.20 

8.43 

7.83 

8.00 

8'4E 

9.44 

10.77 

12.36 

14'16 

15.70 

16.74 

16.13 

14.30 

11.93 

8.90 

9.86 

8.02 

7-14 

7.28 

8.42 

10.01 

11.j7 

13.36 

14.97 

15.84 

15.93 

... 

709.32 

( 73 

9.84 

8.47 

7.88 

8.12 

8.97 

10.86 

12.88 

14.70 

15.97 

16.48 

16.56 

16.28 

15.82 

14.96 

13.86 

13.13 

12.04 

10.90 

9.55 

8.68 

7'98 

8.64 

10.34 

12.57 

15.47 

17.37 

16.62 

17'48 

16.60 

1 6  

13.12 

11.12 

9-44 

8.63 

8.44 
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7.24 

7.44 

7'36 

7.73 

8'40 

9.76 

10'54 
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FORMS FOR SHORT-PERIOD TIDES. 

S E R I E S  J.-(Continued). 
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8.76 6.67 5'40 5.22 6.16 7.85 9.971 12'~o 14.30 15.48 15.46 14.2; '"24 ro.zo 8.78 8.26 94 8 
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10.44 

11.24 

10.26 

10.62 

9.7.1 

9.17 

8.80 

7.92 

::;: 
6.24 

5.85 

4.18 

4.46 

5.70 

4.52 

6.92 

6.56 

9.28 

11.66 

r1.;6 

12.53 

8.80 

11.00 

10.06 

11.93 

13.jo 

11.86 

13.0, 

13.86 

12.90 

13.40 

13.24 

13.22 

13.21 

13.5; 

13.16 

13.66 

12.44 

10.30 

10.90 

8.20 

6.58 

7.20 

6.38 

6.82 

6.86 

10.26 

13.9.3 

12.26 

14'30 

15.1; 

15.3; 

15-48 

14.64 

15.07 

13.86 

12.60 

13.06 

11.94 

11.94 

10.55 

9.58 

9.24 

8.00 

7.45 

5.98 

4.92 

3.66 

2.86 

3.17 

2.14 

4.07 

4.08 

6.58 

9.36 

10.08 

12.07 

7.26 

6.96 

8.24 

7.64 

9.06 

10.52 

9.46 

10.84 

12.06 

11.41 

12.16 

1z.12 

12.94 

13.jo 

1q.02 

14.26 

14.84 

14.46 

12.84 

13.74 

11.~0 

8.80 

9.40 

7.36 

7.44 

6.j~ 

8.74 

12.76 

10.62 

12.64 

14.34 

14.44 

15.44 

15.66 

15.35 

Ij.04 

14.08 

13.96 

13.06 

12.68 

11.36 

10.34 

10.03 

8.62 

8.52 

6.71 

5.06 

4.53 

2.74 

1.9; 

1.42 

2.24 

2.67 

4.16 

7.30 

8.18 

10.86 

7 . 8 1  

11.00 

9.10 

10.64 

12.77 

12.10 

13.84 

14.~6 

13.81 

15.06 

14.45 

13.66 

13.30 

12.46 

11.86 

10.96 

10.80 

9.56 

10.00 

8.26 

6.42 

6.46 

4.17 

2.43 

2.56 

1.86 

2.88 

3.86 

5.74 

6.84 

9.35 

7.54 

9.18 

8.03 

8.60 

10.22 

9.16 

10.92 

12.70 

11.00 

12.96 

::::: 
11.90 

12.28 

11.36 

11.68 

11.44 

11.26 

10.46 

11.40 

10.20 

8.60 

9.08 

6.63 

4.23 

5.03 

3.24 

4.46 

4.30 

4.98 

6.28 

7.86 

8.00 

7.74 

7.66 

6.78 

7.74 

6.48 

7.66 

9.46 

7.70 

9.73 

7.87 

9.20 

10.40 

9.58 

10.72 

11.34 

11.29 

11.31 

12.36 

12.12 

lo.gj 

11.92 

9.7; 
7'22 

9.34 

6.96 

7.76 

5'94 

5.76 

4.70 

5.31 

6.57 

5.15 

7'17 

5'57 

6.72 

8.28 

7.94 

9.26 

10.58 

10.79 

11.7; 

12.92 

1.3'jo 

13.28 

14.30 

13.00 

13.96 

6.96 

5'93 

4.88 

4.20 

3.77 

4.32 

5.44 

4'24 

3'94 

5'07 

6.46 

6.74 

7.86 

9.56 

10.06 

11.M 

12.66 

14.23 

14.84 

15.96 

15.72 

16.jo 

8.20 

5.60 

6.78 

5.66 

5.26 

6.46 

11.45 

8.58 

9.71 

7.78 

6.33. 

7.26 

17.83 16.77 136 2 

17.16 17.74 137 2 

17.10 17.16 138 3 

15.36 16.54 139 3 

12.8; :::;:' 1U) 4 
12.48 14.22 141 4 

10.16 11.86 142 4 

'"j 
9'40 
7'08 

j.14 

4.74 

3.70 

3'42 

3.36 

3'42 

3.86 

4.36 

5'35 

6'04 

6.96 

8.46 

9.26 

10.76 

11.62 

13.6; 

15.34 

16.28 

17.16 

17.69 

6.8; I 6.74 

14.68 16.97 

12.24 I 1j.14 
11.92 

10.44 

8.08 

8.54 

10.96 

9.00 

6'58 

6.70 

5'12 

4'04 

4.67 

4'04 

4.88 

15.50 

13.15 

10.42 

10.38 

7.36 8.54 

4'90 6.32 122 21 

5'20 6.00 123 21 

6.20 7.12 12422 

6.92 7'4-1 126 22 

7.97 

10.20 8.85 130 0 

12.20 10.16 131 0 

14.46 12.38 132 0 

14.95 12.41 133 1 

16.96 15.18 134 1 I 
17.06 14.58 136 2 

12'36 

11'04 

8.88 

9'17 

7'30 

5'80 

6.96 

5.68 

6.80 

113 18 

1 1 4 1 0  

115 18 

116 19 

117 19 

118 19 

119 20 

120 20 

121 21 



FORMS FOR SHORT-PERIOD TIDES. 

S E R I E s L .-(Continued). 

4' 

ferl 

14.17 

14.27 

1.3.66.14.01 

13'4.1 

12.84 

1a.12 

11.26 

10'9.3 

10.03 

8.6; 

99.6 

7.7, 

6.50 

4.30 

2.74 

2.37 

2',33 

2.88 

4.77 

7.26 

8.60 

10.90 

12.92 

1.3.63 

14.63 

14.84 

15.00 

14.j6 

1j.24 ! 14.74 

0' 

feel 

4'27 

5.12 

5'0.1 

6.16 

6.03 

7'37 

9.20 

9.98 

11'84 

13.28 

15.76 

16.86 

17'54 

17.28 

15.92 

16.44 

13.95 

I4.21 

11.67 

9.64 

9.92 

9.0.; 

9.24 

9.05 

9.14 

8.62 

8.84 

9.44 

8.63 

9.35 

8.16 

9'01 

9.74 

9." 
~0.34 

8' 
- 
feet 

5.76 

6.90 

6.24 

7.67 

7.32 

8'77 

10.60 

11.06 

12'36 

13.86 

15.82 

15.84 

16.48 

15'02 

12.80 

13'48 

10'40 

11.04 

8.80 

7.66 

8.44 

8.49 I 
8.82 

9.30 

10.04 

9.46 

10.27 

11.14 

10.36 

11.44 

9.96 

11.30 

1z.16 

11.17 

laso 

5' 

fret 

13'22 

13")2 

12.96 

13'16 

12.22 

12'46 

11.8.3 

11'70 

11.29 

9.96 

11.28 

9'34 

8'61 

6.30 

3.80 

3'68 

2.54 

3.47 

4.20 

6.06 

7'57 

9.62 

11.94 

12'46 

14.17 

13.95 

14'86 

15.33 

1j.44 I lj'j6 
1j.46 

1j.28 

14.74 
14.86 

~ 4 ~ 8 1  

15' 
- 
feet 

14.66. 

15.32 I 14.10 
12.74 

13.28 

11.90 

::::: 
11.54 

10.3; 

11.38 

10.56 

9.55 

8.17 

7.44 

6.62 

7.55 

9.60 

9.02 

11.30 

13.76 

12.66 

13.73 

13'34 

13.85 

13.30 

13.40 

12.64 

13.20 

12.4; 

11.66 

12.5; 

11.01 

9.92 
$0.61 

9.34 

Zh 
_ -  
fvet 

13.60 

11.55 

12.26 

11.07 

11.36 

10.24 

9.36 

9'2.3 

8.3; 

7.54 

7.50 

7.09 

4.95 

4'44 

5.07 

4'31 

6.77 

6.14 

9.20 

11.96 

12'03 

13.46 

1.3.20 

13'66 

13.77 

1.3.28 

12.14 

lo'jo 

11.57 

10.40 

1' 
_ _  
f e d  

10.62 

9.52 

10.50 

9.44 

9.92 

9.20 

8.60 

8.46 

8.20 

7.92 

7.82 

8.00 

6.16 

6.32 

8.16 

7.10 

10'3,3 

12.28 

14.05 

13.54 

13.j8 

12.32 

I Y ~ O  

10.94 

11.30 

9'76 

8.00 

9.02 

7'84 

D , , ~ I  
__.__ 

147 

I.@ 

1~ 

151 

153 

153 

154 

165 

156 

15: 

158 

150 

160 

161 

163 

163 

164 

165 

166 

167 

1 

169 

170 

171 

179 

173 

174 

175 

176 

lP 

feet 

12.64 

11.77 

12.58 

13.65 

12.62 

13.77 

13.26 

13.85 

14.34 

15.14 

15.30 

14.21 

14.24 

12.08 

12.45 

9.60 

7.00 

7.41 

6.16 

6.58 

6.60 

7.12 

6.94 

8.00 

8.85 

8.20 

9.17 

7.97 

9.66 

10.74 

9.64 

1r.o; 

9.72 
~ r . a ;  

1 s - 2 z  

I @  

feel 

4.17 
4'32 
4'97 
4'82 

5.18 

5.94 

6.;0 

8.14 

8.86 

11.02 

12.03 

14.97 

16.85 

17'17 

17.95 

18.0; 

I 18.12 16.74 

16.4 

14.34 

11.92 

12.12 

10.30 

10.33 

9.33 

8.86 

8.24 

8.10 

8.17 

7.62 

7.79 

6.86 

7 
7.86 

7.55 
8-44 

3" 
- 
p e t  
14'02 

13.36 

12'62 

12.37 

11'40 

10.36 

10'10 

9.12 

7.76 

8.19 

6.85 

5.15 

3'62 

3.07 

"62 

4.00 

3.95 

6.52 

9.47 

10'34 

12'40 

13.38 

14'10 

14.0j 

14'45 

14'01 

12.90 

13'86 

12.82 

0 I 7' oh 
. 

frrt 

8.,,1 

8.10 

8.7, 

8.24 

i::! 
8.30 

8.28 

8.34 

8.20 

8.74 

8.81 

9.86 

8.21 

9.46 

11.87 

10.90 

13.80 

15.26 

1+.68 

14.85 

14.17 

12.80 

10.90 

10.86 

9.00 

9.26 

7'74 

6.10 

6.82 

5'70 

11' 
- -  

feet 

5.26 

6.54 

5.84 

5'56 

6.87 

6.93 

7.72 

8.32 

10.06 

10.56 

13.34 

15.70 

15.60 

17'20 

:::a: I 
18.40 

17.85 

17.72 

16.42 

14.25 

14.20 

12.04 

11'go 

10.22 

9.20 

8.56 

7.94 

7'j4 

7.30 

7.04 

6.42 

6.64 

6.74 
6.5' 
7-zz 

12' 

feet 

7'20 

8.70 

7.60 

6'86 

8.17 

7.78 

7.83 

8.36 

9'23 

9.66 

11.70 1 1.3'60 
12'50 

15.02 

14.65 

17.00 

17.95 

17.40 

17.20 

15.90 

15.46 

13.70 

13.24 

11.60 

10.08 

9.64 

8.52 

7'57 
8.34 
7.;4 

7.03 

6.94 

6.56 

6.51 

6.57 
6.77 

lGh 

f e d  

15 94 

16.07 

I '  15.30 

14.30 

14.64 

13.54 

13.94 

12.92 

11.98 

12.7; 

11.52 

9.80 

8.96 

1.22 

6.55 

6.20 

7.05 

6.70 

8.66 

8.h1 
10'40 

12.02 

11'84 

13.08 

1j.j~ 

13.37 

13.3; 

13.60 

13.67 

1.3'22 

13.6; 

12.70 

11.66 

12.04 
10.94 

9.02 

10.02 

8.97 
10.12 

6.70 

7.72 

6.94 

8.07 

. 

- -  
fret 

IO';~ 

12.06 

10.86 

11'96 

lo.gB 

11'72 

12.05 

11'97 

12.14 

::::: 
13'22 

11.40 

11.37 

8.54 

'5.94 

6.30 

4.18 

5.52 

4'94 

5.80 

7'26 

8.66 

10.67 

11'06, 

1 7  

178 

179 

180 

20b 

feel 

10.27 

9.56 

10.74 

11.84 

11.08 

12.16 

1 1 . 7 ~  

12.88 

13.94 

14.88 

15.65 

::::a 
15.74 

14.54 

14.89 

12.79 

9.56 

10.0; 

7.6j 

7.80 

6.57 

6.53 

6.44 

6.70 

7.06 

6.17 

6.76 

5.83 

6.93 

8.00 

6.86 

8.44 

7.36 
9.34 

1°'- 

:,::tT 15.12 
12.26 14.31 

11.1) 1 13.22 
t ~ . ~ 8 '  '3.73 

9-zl,o.97\ 

feel 
8.10 

9.48 

8'34 

9.94 

9.18 

10.38 

11.56 

"'72 

12.58 

13.87 

14.76 

13.77 

14'18 

11.95 

9.24 

9.76 

7'11 

7.93 

6.52 

6.39 

7.62 

8.31 
9'60 

10.06 

4.76 

5.65 

5.32 
6.41 

6. -  

17' 

feet 

16.04 

15.67 

15.60 

15.12 

14.97 

14.68 

14.46 

13.86 

13.44 

13.98 

12.90 

10.84 

10.2; 

7.81 

7.50 

6.18 

5.72 

5.6; 

6.74 

6.86 

8.31 

10.10 

10.05 

11.64 

12.80 

12.07 

13.05 

12.56 

13.60 

1.3.92 

13.68 

13'51 

:;::: 
12.77 
~ ~ ' ~ 9  

13' 

feet 

9'70 

11.00 

9.46 

8.64 

9-67 

8'83 

8.62 

I 9.00 8'78 

9.64 

10.67 

11.52 

10'07 

11.76 

10.90 

13-80 

16.07 

15.44 

16.60 

16.46 

15.54 

14.74 

14'06 

12.90 

11.26 

11.12 

9.68 

9.81 

8.86 

7.90 

8.42 

7.46 

7.07 

7.34 
6.97 

18' 
- -  

feel 

14'86 

14.1; 

14.66 

15.06 

14.22 

14.80 

14.16 

14.25 

14.22 

14.67 

14.12 

12.57 

12.23 

9.55 

g.6j 

7.30 

5.77 

5.93 

6.05 

6.32 

7.04 

8.46 

8.26 

9.76 

11.00 

10.07 

11.52 

10.40 

12.02 

1.3.00 

12.12 

1j.o~ 

11.86 

12.64 

1, 
- 

feel 

12.28 

13.46 

11.8; 

10.66 

11'58 

10.30 

9.82 I 
10'04 

9.20 

10.1; 

10.27 

9.95 

8'34 

9.04 

8.00 

10.17 

12.81 

12.07 

14.54 

15.74 

14.58 

14.75 

14.10 

13.82 

12.44 

12.55 

11.18 

11.65 

10.6; 

9.44 

10.4a 

9.06 

8.16 

8.72 

7.87 

21' 
__ 
feel 

8 . 4  

8.16 

9.03 

10.00 

9.47 

10.50 

10.42 

11.48 

12.86 

1.3.86 

15-48 

15.22 

16.29 

16.07 

16.40 

nj.16 

12.80 

13.02 

10.05 

9'8a 

7.78 

6.70 

6.67 

6.08 

5'6i 
5 '05 
4.94 

5.11 

4.38 

4.96 

5.64 

4.96 
6.12 

5.70 
7.48 
9.'. 

12.86 I 11.33 
12.40 

13.77 I 14.70 
14.j6 

15.33 

14.48 

15.12 

1j.17 

14.72 
14.88 

10.90 

12.06 

13.32 

12.56 

13.80 

12.44 

13.7; 

14.22 

13.40 
n 4 . m  

;:& 
d h 

150 7 

151 8 

152 8 

153 8 

154 9 

155 9 

15610 

157 10 

158 10 

159 11 

160 11 

161 12 

162 12 

163 12 

166 13 

165 13 

16613 

16714 

168 14 

169 15 

17015 

171 15 

172 16 

173 16 

174 17 

175 17 

176 17 

177 18 

178 18 

179 18 

180 19 

181 19 

18220 
18320 
l W r n  

22' 

f e d  

7.54 

7.68 

7.96 

8.46 

8.38 

9.20 

9.26 

10.08 

11.59 

12.46 

14.17 

13.50 

15.33 

16.21 

16.14 

16.42 

15.12 

14.92 

12.50 

12.04 

9.32 

7.50 

7.49 

6.22 

5.60 

4.74 

4.16 

4.04 

3.94 

4.04 

3.98 

4.7. 
5.02 

6 . ~ 0  
7.- 

1 --- 
f& 

7.34 

7.E3 

7.i3 

7.75 

8.08 

8.47 

8.54 

8.98 

10.0.~ 

10.48 

12.02 

10.8~ 

12.77 

14.16 

14-28 

15.~6 

16.05 

15.57 

14.32 

13.55 

11.22 

9.03 

9.06 

7.28 

7.15 

5.61 

4.64 

4.96 

4.22 

3.83 

4.36 

4.42 

5.~4 
5.8: 
6-96  
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FORMS FOR SHORT-PERIOD TIDES. w 
0 

B o M B A Y-Commencing 0 hours, Astronomical Time, 1st January, 1885. 0 

Argumcnt ( y  - icr + 4w). S E R I E S  N.  Motion per mean Solar hour = 14O.2198648. 

1 

I 

3 

4 

6 

6 

7 

8 

9 .  

10 

1 1  

12 

9' I - 
fief  

: 
16.44 

17.26 

17.16 

17.55 

16.35 

15.18 

1 2 . 2 ;  

11.71 

11.53 

ro.541 

-- 
fed 

1 5 . 5 1 1 1 . 9 6  

12.16 

8 0 0  

7 . 6 ~  

7.54 

7.04 

8.44 

9.64 

9.98 

1o.lr  

9.7; 

f 

15." 

11.91 

1 1 . m  

10.47 

8.0; 

9.05 

1 0 . 2 7  

10.34 

1o.4H 

1o.1; 
1 0 ' 0 2  

11" 
- 

feet 

18.85 

1 l 9 i  

18.84 

15.80 

14.11 

12.76 

9.76 

9.20 

4 

: : ! : I  
7.34 

IOL - 
fret 

I 

18.58 

18.86 ""' 
17.9.3 
16.63 

15.24 

:.!::; 
10.82 

10.43 

10.42 

8.76 

6.52 

5.81 

4.46 

4.63 

5.06 

8.54 

9.68 

11.04 

14.36 

14.62 

14.56 

14.41 

13.66 

13.44 

14.14 

Ij .08 

16.28) 

:;:2 
14.76 

13.73 

12.82 

9.04 

9.39 

9.7z 

8.20 

7 

4 7 6  

4.20 

4.02 

6 . 2 j  

7.15 

8.66 

12.17 

12.97 

13.36 

14.14 

13.38 

12.94 

:;:;: 
14.55 

15.74 

16.521 

16.86 

16.08 

1 j . 4 ~  

11.68 

11.00 

,0.66 

- - - - - -- 

9.14 9.46 10.37 12.84 1 1 . 8 8 1 1 0 . ~ ~  
9'3' 

13 8.75 8.76 9.26 10.34 80 9.66 

l b  8 8 9 3 0  I 8 6 
8 ' 4 1  

7.00 5.12 

4.3; 

4.66 

5.16 

6.54 

9.76 

10.80 
9 '94 

1 1 . j 6  

::::: 
I ~ . . I O  

11.87 

frtf 

27 

28 

29 

30 

31 

33 

33 ( 34 8% 

5.62 

j ' 1 4  

5 '44 
5.40 

6.12 

7 

11.31 

12.56 

1 3 . 6 ~  

15.7, 

15-50 

15.02 

13.60 

13.03 

13.33 

13'30 

14.96 

11.68 

11.06 

10.16 

2:;: 
7.34 
8.26 
9-12 

12' 
- 

feet 

18.08 
f i t  

11.24 

17.67 

17.of1 

12.16 

10.96 

1 0 . 1 1  
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FORMS FOR SEORT-PERIOD TIDES. 

8 ERIE 8 N.-(Col8tinued). 
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316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

333 

334 

335 

336 

337 

338 

339 

341 

341 

3ra 

343 

344 

345 

346 

347 

34.9 

349 

350 

Sum 

1 3  

il 15 7-1, 13 '73 74 74 71 75 73 73 73 76 74 74 74 73 73 74 74 i j  

11.48 

12.42 

13.61 

1z.j.9 

1.3'1.i 

12.88 

9.81 

8.98 

8.26 

7.24 

7.44 

7'52 

8.54 

8.12 

7.94 

7.82 

7.40 

i.37 

7.70 
8"2 
9.82 

10.14 

11.2j 
12.36 
10,6i 

10.80 

10.86 

10.26 

8.08 

7.71 

7.3; 

7.44 

8.1; 

8.60 

9.7j 

9.06 

8.97 

9.00 

;::$ 
7.33 

7.36 

7.26 

8.72 

9.64 

7.06 

7'84 

7.9z 
7.68 

7.54 

8.14 

8.31 

9.02 

11.91 

I 

11.48 

11.48 

11.2; 

11.5, 

11.9j 

12.90 

14.48 

15.70 

16.96 

1j.j.9 

15.4; 

14.51 
I.3'j8 
9.9i 

. 

. 

640'28 

64 

6 8 0  

' 

. 
' 

. 
' 

744'70 

L6$ 

7.41 

7.88 

8.54 

8.24 

8.05 

9.77 

10.05 

10.97 

13-58 

10.5; 14.24 

11.50 1.3.4j 

. 

564.80 

63 

8.82 

9.36 

9.62 

10.22 

1 0 . 1 1  

9.9; 

::::.: 
13.2; 

14.97 

16.13 

19.34 

18.34 

17.88 

' 

. 

. 

. 

13.24 

I I . ; ~  

8 

8.01 

8.46 

8.78 

9.44 

9.72 

8.84 

7.98 

7.50 
6:98 
7 04 
6.36 

6.00 

5.64 

7.63 

. 
, 

6s9'68 

63 

6 1 
12.26 

12'02 

11.70 

11.74 

12.42 

13.50 

14.16 

14.9; 

15.68 

12.57 

12.00 

10.92 

6.94 -------- 

1 0  22 I .  
10.5, 

lo.j.1 

11.00 

11.13 

11.56 

13.66 

14'9j 

16.74 

'7.7' 1i.51 

1;.;r 

17.37 

16.62 

. .  

8.4; 

8.64 

9.72 

9.50 

9.36 

11.52 

12.02 

12.94 

14.48 I 

. 

. 

732'90681'61 

10.72 

9'47 

6 5  

6.8; 

7.76 

8.48 

9.04 

9.06 

8.68 

7.73 

7'36 

8.06 

7.56 

7.50 
7 '6: 

1o'i.i,l 

. 

I .  

13.00 
12.24 

11.81 

11.62 

11.j; 

12.30 

13.36 

12.76 

13.0j 

13.11 

9.74 

8.88 

7.7; 

5.14 

. 

10'17 

:y::f 
11.26 

11.14 

11.14 

1.3.36 

13.86 

14.07 

. . .  

694.11 

63 

I 
j61'73592'35 

63 63 63 C3 6-1, 
7 .  

651.26 

8-06 

7.26 

5.59 

6.4j 

7.56 

8.71 

9.10 

9.01 

9.14 

8.23 

8.16 

1o.00 

9.86 

10.14 

13.441 

13';o 

. 

545.14 

------------- 
62 

1 .  . 

I 

11.15 

10.84 

::::: 
10.96 

11.78 

12.36 

to.;; 

10.60 

10.34 

1.2; 

6.58 

5.66 

4.70 

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

620.1~ 

------------ 

11-91 

13.16 

12.78 

12.75 

:a::: 
14.60 

14.4ol14.;o 

12.12 

747.68 

64 

. 

I 

9.4; 

9.56 

9.49 

10.14 

10.7; 
10:92 
9 68 
9.04 

8.64 

8.06 

6 - 1 4  

5'67 

5.14 

5.52 

. 

j43.44 

63 

13'34 

14-14 

13.82 

13.98 

14.46 

14.561 

14.~6114.17 

::::! 
9.32 

5.99 

2 :  
j.6; 

6.7j 

8.00 

9.47 

9.74 

9.55 

10.18 

9.70 

9.80 

. .  
. 
. 
. 

. 
, 

1 .  

j61.20 

32 

. 

. 

. 
. 

---- 
733.94 

63 

4.58 

5.86 

6.7; 

7'83 

IO.;O 

10.90 

10.76 

11.57 

11-40 

11.80 

8.20 

11.48 

12.17 

12.56 

14.20 

13.78 

13.5; 

13.14 

13.22 

13.45 

. 

63 

14'21 

14.30 

14.20 

14.4 

13..361 

12.94 

12.16 

7.77 

6.72 

12'1j 

12.72 

13.10 

15.46 

15'36 

16.23 

1j.82 

14-86 

12.50 

11.94 

11.55 

9.78 

9.17) 

8.50 

5.1; 

. 
. .  

5ij.45 

6 2 ~  

. 

63 

4.74 

7.43 

8.43 

9.14 

11.60 

12.04 

12-24 

:::;: 
12.76 

12.54 

13.38 

4.27 

3.10 

1'50 

1.7; 

. 

I .  

. 
. 

10.34 

13.56 

13.90 

13.86 

14.42 

13.;9 

13.38 

12.44 

12.46 

12.5, 

I 10.50 

' 

. 

. 

j00'42653'3~61~.20 

63 

14.40 

13.64 

13.14 

13.73 

11.28 

10.26 

8.93 

5.58 

4.74 

14.04 

14.77 

1j.2~1 

15'86 

15.32 I------ 

6.03 

9.20 

10.27 

lo.gj 

13-13 

13.16 

13.16 

-13.38 

13.30 

13.41 

8.41 

8.37) 

7.76 

Q:: 
4.22 

3.8; 

3.72 

5.63 

6.70 

16.28 

15.18 

1.3'76 

11.31 

10.98 

10.54 

I:::: 

8..36) 

7.18 
6'30 
4'47 
3.43 

I 
. 

j'0j 

15.1; 

14.96 

14.46 

13.83 

13.14 

12.64 

11.22 

11.00 

10.801 

7.72 

... 

698.64 

63 

36219 

863 20 

364 21 

6.37 

5.86 

5.23 

6'57 

6.97 

7.81 

11.87 

13.16 

14.0; 

2'40 

1.55 

z'j7 

3.30 

. 

------ 
j93'166jI'r)o 

(;I 2 

13.)~ 

12-17 

12.14 

11.8jl 

8.58 

7'3.1 

6.32 

4.12 

3.96 

14.89 

13.58 I 
12.00 

9.72 

9';6 

9-17 

7.831 

7.0, 

5.i~ 

3.64 

2.93 

6.88'1 

6.68 

6.00 

4.41 

3.96 

4.05 

d::: 
;.8j 

9.02 

I - 
: 

... 

;11.63 

62 

:::$ 
10.31 

10.051 

9.10 

5.98 

5." 

4.31 

4.16 

4.91 

7.31 

6.88 

6.52 

8.66 

9.54 

10.61 

14.55 

15.3, 

15.8; 

2.20 

i::: 
5'14 

5.83 -------- 

6.14 

5.72 

5.04 

5.04 

5.07 

5-64 

9.06 

10.36 

11.70 

1 3 ~ 5  23 

3G7 0 

369 1 

369 8 

370 2 

No. 
of Days. 

62"21h. 

15.14 

15.81 

16.17 14.94 

10.20 

9.26 

5'06 

4.48 
. 
. . 

14-14 

1.3'24 

8.81 

8.64 

8.50 

11.20 

12.26 

1.3.20 

16.23 

16.56 

16.56 

12.69 

11.42 

10.22 

8.40 

8.76 

8.30 

7.22 

6.26 

4.90 

4.12 

4.16 

7.00 

5.91 

2.64 

2.36 

10.30 

9.46 

I 6 6  

7.76 

8.24 

1.831 

7.36 

6.15 

4.92 

5-82 

6.3; 

3.93 

7.06 

8.44 

8.90 
. 

10.98 

9.91 

6.5; 

10.68 

11.9.3 

12.30 

. 

343 19 

344 20 

34522 

356 23 I 
348 0 

8.54 

7.98 

9.77 

14.30 

15.00 

15.56 7.68 

6.64 - 

10.45 

10.40 

:::$ 
13.52 

14.54 

15.47 

16.72 

16.48 

15.80 

7.5; 

7.36 

11.84 

12.07 

14.12 

15.24 

16.11 

:::54; 
15.9; 

15.11 

13.96 

12.86 

1.3.31 

14.40 

1j.84 

16.34 

14-70 

1.1'94 

11.72 

8.qJ 

7.86 

6.82 

6.0; 

8.20 

9.00 

13.27 

17.04 

17.50 - 

- 

7.73 

8.241 

355 9 

356 11 

1 1 . 6 6 . 3 5 7 1 2  

35813 

359 15 

360 16 

361 17 

13.od 

13.88 

1.3.86 

15.08 

15.1; 

12.20 

11.34 

10.2; 

7.80 

8.2; 

8.80 

8.8j 

8.20 

7.94 

10.84 

12.12 

a34 '1) 

335 8 

336 10 

337 11 

338 12 

339 14 

340 15 

341 16 

7.80 
9'32 

349 2 

350 3 

361 4 

352 5 

353 7 

354 8 

342 18 
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13.97 

14'67 

14.85 

14.34 

13.64 

9.46 

7.84 

6.70 

6.54 

6.76 

7.40 

9.04 

11.07 

13.13 

14.86 

15.56 

14.93 

13.16 

10.86 

8.56 

7.43 

6.56 

7.00 

7.56 

8.96 

10.24 

11.26 

12.03 

13.10 

13.78 

14.06 

14.02 

1.3.22 

8j1.29 

74 7 1  

9 . 0 5  

9'16 

9'97 

10'57 

11.60 

12'56 

13.64 

14'84 

15.64 

15.82 

15.83 

12.60 

10.68 

9.14 

8'40 

7.86 

7.66 

8.45 

10.02 

11.86 

14.44 

16'25 

16.76 

16.04 

14.63 

12.33 

10.3; 

8.86 

8.36 

8.42 

9.27 

10.16 

10.87 

11.50 

12.54 

13.68 

14.61 

15.17 

15.15 

74 I 74 74 

10.36 

9.66 

9'57 

10.07 

10.5; 

11.36 

12.30 

13.98 

15.23 

15.96 

16.64 

15.08 

13.68 

12-11 

lo.;; 

9.6~ 

8.58 

8.28 

8.94 

10.2; 

12.7~ 

15.33 

17'15 

17'61 

17'06 

15'4.1 

13.82 

11.44 

10'22 

9.82 

9'75 

10.24 

10.56 

10.78 

11.68 

12.86 

14.06 

1j.16 

15.86 

92.3.85,967.4; 

19.76 
11.82 

10'44 

9.70 

9.34 

9.16 

9.26 

10.00 

11.13 

12.26 

13.8; 

16.64 

16.68 

16.26 

15.42 

13.7.3 

11.68 

9.76 

8.48 

8.08 

8.80 

10.26 

12.87 

15.27 

16.96 

17.40 

17.08 

15.9; 

14.42 

12.96 

11.36 

10.86 

10.22 

9.73 

9.64 

9.88 

10.68 

11.66 

13.22 

1t.08 

10.60 

9'94 

9.70 

9.76 

10.08 

10.56 

12.14 

13.64 

14.78 

16.01 

16.60 

15.84 

14.74 

13.32 

11.66 

9.92 

8.6; 

8.44 

8.88 

10.66 

12.96 

15.84 

17.34 

17.98 

17.2; 

16.13 

14.36 

11.44 

r1..34 

10.46 

10.47 

10.36 

10.20 

10.56 

II..~J 

12.5.3 

rj.R7 

15.1; 

9i6.31 I -  
7.4 / 74 74 74 73 

14.66 

1i.86 

11.32 

10.13 

9.17 

8.67 

8.14 

8.54 

9.02 

9.64 

15.00 

15.86 

16.26 

16.26 

15.08 

13.36 

11.20 

9.2; 

7.8; 

7.60 

7.95 

9.66 

11'66 

1.7.90 

15.46 

16.40 

16.18 

15.27 

14.04 

12.44 

11.44 

10.36 

9.58 

9.08 

8.86 

8.96 

9.44 

10.40 

9.+7.?RSR8.49R04.1() 

74 1 74 74 79'' ?P. 
18264.8- 

r+.44 

13.34 

12.06 

10.80 

9.56 

8'64 

7'84 

7.66 

7.54 

7.46 

10.90- 

11.93 

13.15 

14.64 

15.4; 

15.32 

14.16 

12.50 

10'44 

8.42 

7.21 

6.54 

7.00 

8.2; 

10.20 

12'03 

13.86 

14'88 

14'71 

14.24 

13'0; 

12.02 

10.76 

9'87 

8.82 

8.16 

7.55 

7.56 

7.86 

74 

9.30 
ro.03 

10.88 

11.25 

11.36 

10.58 

10.24 

9.56 

8.13 

6.74 

5-46 

5.6.3 

5.65 

6.28 

7.54 

9.24 

10.8.3 

11.88 

12.34 

11'9.7 

11.00 

8.83 

6.26 

4-31 

3.56 

3.74 

4.84 

6.28 

7.72 

' 9.36 

IO.~(, 

11.36 

11.38 

11.10 

10.;4 

9.64 

8.07 

6.86 

5.54 

640.65 

7 . 5 4  

8-71 

9.8; 

10.56 

11.44 

11.25 

11.52 

11.03 

9.87 

8.48 

5'74 

5.06 

4.23 

4.54 

5.62 

6.90 

8.73 

10.25 

11.70 

12.44 

12.40 

11.00 

8 . j ~  

5.84 

4'02 

3'27 

3.56 

4.5; 

5.93 

7.5( 

8.86 

10.18 

10.86 

11.10 

11.40 

10.86 

9.84 

868 

6.90 

629.8.3 

6 . 6  

7.48 

8.84 

9.97 

10.9; 

11.66 

12.40 

12.66 

11.85 

10.85 

7'26 

5.24 

4.46 

I 

4'54 

5.18 

6.8; 

8.5; 

10.50 

12.26 

13.36 

12.96 

11.16 

8.66 

6.04 

4.33 

3.86 

4.06 

4.86 

6.2; 

7.68 

8.8; 

9.96 

10.78 

II.;~ 

12.06 

I I . ; ~  

~o.Ro/ 

1 3 . 1 ,  

1z.82 

12.26 

11.2; 

10.24 

9.01 

8.12 

7.53 

6.79 

6.z4 

8.00 

8.96 

10.22 

11.74 

13.18 

14.12 

14.12 

13.18 

11.57 

9.56 

7.64 

6.18 

5.18 

5'56 

6.96 

8.50 

10.50 

12.00 

12.72 

13.22 

13.03 

12.40 

11.26 

10.35 

9.16 

8.03 

6.88 

6.34 

6.06 

735.85 

1 1 - a t  

11.4; 

11.78 

11.45 

10.94 

9.76 

8.96 

8.16 

7.00 

5.96 

6.1; 

6.76' 

7.36 

8.68 

10.24 

11.86 

1z.82 

13.06 

12.34 

10.8; 

9.18 

7.03 

5.12 

4'16 

4'47 

5.70 

7.26 

8.86 

10.14 

11.36 

12.12 

12.24 

11.56 

10.89 

9.88 

8.46 

7.05 

6.0; 

5.25 

673.1; 

6.rn3 

6.86 

7.86 

9.00 

10.10 

11.34 

12.66 

13.62 

13.60 

13.07 

9.70 

7.8, 

6.0; 

5.0; 

4.69 

4.58 

5.4; 

6.98 

8.90 

11.2; 

13.52 

14.~0 

13.6; 

1 1 . 9 ~ 6 9  

9.40 

7.10 

5.60 

4.86 

5.00 

5.84 

7.02 

7.9; 

9.14 

IO..~? 

II.;O 

1z.;R 

12.9; 

12.96 

a~ 22 

87 22 

38 22 

3 9 2 2  

4 0 2 2  

41 22 

42 22 

4 3 2 2  

4 8 2 2  

4 5 2 2  

46 21 

47 21 

.Ki 21 

49 21 

50 21 

51 21 

52 21 

53 21 

5 4 2 1  

6 5 2 1  

5 6 2 1  

57 21 

6 8 2 1  

21 

6 0 2 1  

61 21 

62 21 

63 21 

6 4 2 1  

65 21 

66 21 

G7 21 

6 8 2 1  

69 31 

7 0 2 1  

71 21 

7 2 2 1  

7 3 2 1  

9.1) 11.72 

711.19 

7 4 2 1  

of"D";yB, 
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FORMS FOR SHORT-PERIOD TIDES. 

S E 11 I E s T.-(Continuecl). 

20" 

feet 

16.04 

16.07 

15.30 

14'30 

13'28 

11.90 

11.10 

10.04 

9'20 

9.64 

10.67 

11-52 

12.50 

15.02 

17'65 

18.40 

17.85 

16.44 

14.34 

14.25 

12.12 

10.30 

9.24 

9.oj 

9.14 

9.46 

10.27 

11.14 

12.56 

13.80 

14.48 

15.12 

15.1; 
r4.86 

14.38 

21'' 
----- 

feel 

14.86 

~j-67 

15.60 

1j.12 

14'64 

13.54 

12.64 

11.54 

10'3; 

10.1; 

10.27 

9.95 

10.0; 

11.76 

14.65 

17.00 

17.95 

17.72 

16-42 

15.90 

14.20 

11.04 

10'3.3 

9.33 

8.86 

8.62 

8.84 

9.44 

10.36 

11.44 

11.44 

13.7: 
14.22 

14.72 
14.88 

139 

150 

161 

162 

163 

16.b 

6 

160 

1 5  

158 

159 

160 

161 

162 

168 

164 

165 

166 

107 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

190 

181 

182 

183 

22" 

feet 

12'64 

14'1; 

14.66 

15.06 

14'9; 

14'68 

13.94 

12'92 

11'98 

11.38 

10'56 

9'55 

8'34 

9'04 

10.90 

13.80 

-16.07 

17.40 

17.20 

16.46 

15.46 

13.70 

11.90 

10.22 

9.20 

8.24 

8.10 

8.17 

8.63 

9.35 

9.96 

11.30 

11.16 

13.40 
14'aO 

feet 

7.84 

8.44 

9.56 

I 10.74 

11.84 

11.62 

13.77 

14.16 

14'15 

14'11 

13.98 

11'90 

10.84 

8'96 

7'" 
6.62 

7'55 

9.60 

11.07 

14.54 

13'76 

14.58 

14'75 

14'06 

12'90 

11.26 

9'64 

8'52 

7'57 

7'30 

7.04 

6.86 

7'37 

7.86 

9.21 

23. 

fed 

10.27 

11.77 
12.78 

13.65 

14.22 

14.80 

14.46 

13.86 

13.44 

12.77 

11'52 

9.80 

8.17 

7.44 

8.00 

10.17 

12.81 

15.44 

16.60 

1j.74 

15.54 

14.74 

13'24 

11.60 

10.08 

8.56 

7.94 

7.~4 

7.;9 

8.16 

9.01 

9.74 
rl.ri 

12.5O 

feel 

7.74 

7'34 

7.68 

7'96 

8.46 

9.47 

~o.jo 

11.74 

12.88 

13'9.1 

Ij.14 

15.30 

14.21 

12.23 

9.55 

7'50 

6.18 

6.70 

8.66 

8.61 

10.40 

12'02 

13'34 

13.8j 

13'30 

12'55 

11'18 

9'81 

8.86 

7'90 

6.94 

6.56 

feet 

7.40 

7.54 

8.16 

9'03 

10.00 

11.08 

12.16 

1.1.16 

13'85 

14.34 

14'67 

14'11 

12.57 

10.27 

7'81 

6.55 

6.20 

7.05 

9'02 

11.30 

10'84 

12.66 

13'7.3 

14.10 

13.82 

12'44 

11'12 

9'68 

8'34 

7'74 

7'03 

6.42 

6.64 

6.74 

7.55 

Solar 

d h 

150 4 

161 4 

152 4 

153 4 

154 4 

165 4 

166 4 

157 4 

158 4 

159 4 

160 4 

161 4 

162 4 

163 4 

168 4 

165 4 

166 4 

167 4 

168 4 

169 6 

170 6 

171 6 

172 5 

173 6 

174 6 

175 6 

176 5 

177 6 

7.6~l78 6 

179 5 

180 6 

181 6 

182 6 

19.9 6 

1- 

feet 

8.92 

8.10 

7.83 

7'73 

7'75 

8.38 

9.20 

10.41 

11.48 

12.86 

14'88 

15.65 

15'47 

14'24 

12'08 

9.6j 

7'30 

5 . 7 ~ 5 ~ 7 7  

5'67 

z::: 
6.86 

8.31 

10'10 

11'84 

13'08 

13'52 

13'40 

12.64 

11'65 

10.6; 

9'44 

8.42 

7'46 

6-jr 7.0; 

6.51 6.57 

fcct 

10.62 

9'52 

8.74 

8'24 

7'78 

8.08 

8'4; 

9'26 

10'08 

11'59 

13'86 

15.48 

16.06 

15.74 

14.54 

12.45 

9.60 

7.00 

5.93 

6.16 

6.32 

7.04 

8.46 

lo.oj 

11.64 

11.80 

1.3'37 

13.37 

13.20 

12.4; 

11.66 

1o.u 

9.06 

8.16 

7.34 

feel 

12'60 

11.55 

10'50 

9'44 

8.46 

8.30 

8'28 

8.54 

8.98 

10'03 

12.46 

14'17 

15.22 

16'29 

16.07 

14'89 

12.79 

9.56 

7.41 

7.65 

6.j8 

6.60 

7.12 

8.26 

9.76 

Ireoo 

12'07 

13.05 

13.60 

13.67 

13.22 

11'5; 

11.01 

9.92 
8.72 

119 

feet 

14.02 

11.66 

10.61 

feet 

14'27 

13.10 

12.77 

12.82 

11.04 

feel 

13'22 

11.86 

11.6* 

13'36 14-27 

12.261 13.66 

13'92 

14'02 

13-44 

12'37 

11'40 

10.36 

9'23 

8.37 

7.54 

7'82 

8.00 

8.22 

9'46 

11'87 

14'28 

15.96 

16.05 

14.92 

14.32 

12.04 

9.32 

7'50 

6.67 

6.08 

5.67 

6.17 

6.76 

7.97 

9.66 

10.14 

12.22 

13.01 

11'07, 

9.92 

9.20 
I 8.60 

8'34 

8.20 

8'74 

10.48 

Ia'o2 

13'jO 

15.33 

16.21 

16'40 

feet 

10.78 

9.72 
31-27 

11-62 

11'36 

10'24 

9'36 

8.46 

8.20 

7'92 

8.82 

9.86 

10.84 

12'77 

14.76 

16'14 

12.06 

12.96 

13'16 

12'84 

12'12 

11.26 

10.10 

9'12 

7'76 

7'50 

7.09 

6.16 

6'32 

8.16 

10'90 

13.80 

15.26 

15.57 

14.85 

13.55 

11.22 

9'03 

7.49 

6.22 

5.05 

4.94 

5.11 

5.83 

6.93 

8.00 

9.64 

11.07 

feet 

8.10 

7.36 

9.34 

15.16 16-42 

12.80 15.12 

10'07 13.02 

9.48 

10.86 

11'96 

lz.22 

12.46 

11.8.7 

10.93 

10'03 

8'67 

8.19 

6.85 

4'95 

4'44 

5'07 

7.10 

10.33 

12.76 

14.68 

14.05 

14.17 

12.80 

10'90 

9.06 

7.28 

5.60 

4.74 

4.16 

4.38 

4.96 

5.64 

6.86 

8.44 

10'05 

7'80 

6.77 

6'53 

6.94 

8.00 

8.85 

10.07 

11.52 

12.56 

13'60 

13.92 

13.6; 

12.70 

feel 

5.76 

5.70 

7.48 

12.50 

9.82 

7.78 

6'70 

6.44 

6.70 

7.06 

8.20 

9.17 

10.40 

11'02 

13.00 

13.68 

13.51 

6.90 

8.34 

9-94 

10.98 

11.72 

12.05 

11.70 

11.29 

9.96 

9'46 

7.72 

5.15 

3.62 

3'07 

4.31 

6.77 

9.20 

12.28 

11.96 

13.54 

13.58 

12.32 

10.86 

9.00 

7.15 

5.62 

4.64 

4.04 

3.94 

4.04 

4.96 

6.12 

feet 

4'27 

5.01 

6 . ~ 0  

5.12 

6.24 

7'67 

9'18 

10.38 

11.56 

11'97 

11.14 

11.54 

11.28 

9'34 

6'50 

4.30 

2.74 

2.62 

4.00 

6.14 

9.20 

9.47 

12-03, 

13.46 

13.20 

12.50 

10.94 

9.26 

7'74 

6.10 

4.96 

4.22 

3.83 

3.98 

4.72 

feel 

4'17 

5.~4 

5.87 

4'32 

5'04 

6.16 

7'32 

8.77 

10.60 

11'72 

12-58 

12'84 

13.22 

11'40 

8.61 

6'30 

3'80 

2.37 

2.33 

3.95 

6'52 

7.26 

10.34 

12.40 

13.38 

13.66 

12.77 

11.30 

9.76 

8.00 

6.82 

5.70 

4.76 

4.36 

4.42 

feet 

5'26 

6.42 

6 . ~ ~  

4.97 

4.82 

5.18 

6.03 

7.37 

9.20 

11-06 

12'36 

13'87 

14'76 

13.77 

11'37 

8.54 

5.94 

3.68 

2.54 

2.88 

4.77 

6.06 

8.60 

10.90 

12.92 

14.10 

14.05 

13.28 

12.14 

10.50 

9.02 

7.84 

6.70 

5.65 

5.32 

feel 

7.20 

8.07 

7.66 

6.54 

5.84 

5'56 

5-94 

6.70 

8.14 

9.98 

11.84 

13.86 

15.82 

15.84 

14'18 

11-95 

9.24 

6.30 

4.18 

3.47 

4-20 

5.80 

7.57 

9.62 

11.94 

13.63 

14.63 

14.45 

14'01 

12.90 

11.57 

10.40 

9.02 

7.72 

6.94 

feet 

9'70 

ro.12 

9.24 

8.70 

7.60 

6.86 

6.8; 

6.93 

7.72 

8.86 

11.02 

13.28 

15.76 

16.86 

16.48 

15.02 

12-80 

9.76 

7'" 

5.152 

4-93 

6.39 

7.26 

8.66 

10.67 

12.46 

14.17 

14.84 

15.00 

14.56 

13.86 

12.82 

11.3: 

10.02 

8.97 

feel 

n'z8 

rr.98 

10.97 

11.00 

9.46 

8.64 

8.17 

7.78 

7.8.7 

8.32 

10.06 

12.03 

14.97 

16.85 

17.54 

17.28 

15.92 

13.48 

10.40 

7.93 

6.52 

7.66 

7.62 

8.31 

9.60 

11.06 

12.86 

13.95 

14.86 

15.33 

15.24 

14.74 

13.6; 

12.26 

11.11 

'3.73 
1 1 . 9 4  

feet 

1q66 

feet 

15.94 

13.46 

11.87 

10.66 

9.67 

8.8.7 

8.62 

8.36 

9.23 

10.56 

13.34 

15.70 

17.17 

17.95 

18.07 

16.44 

13.95 

11.04 

8.80 

9.64 

8.44 

8.49 

8.94 

10.06 

11.33 

12.40 

13.7; 

14.70 

15.44 

15.56 

15.12 

14.31 

13.22 

15.32 

14.10 

12.74 

11-58 

10.30 

9.82 

9.00 

8.78 

9.66 

11.70 

13.60 

15.60 

17.20 

18.53 

18.12 

16.74 

14.21 

11.67 

11.92 

9.92 

9.03 

8.82 

9.30 

10'04 

10.90 

12.06 

13.32 

14.j6 

15.33 

15.46 

15.28 

14.74 



184 

8 

186 

187 

188 

189 

190 

191 

192 

I93 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

sum 

No. 

10.34 

11.42 

12.51 

13.27 

13.48 

13.02 

11.70 

9.54 

7.17 

5.54 

4.66 

5.12 

7.04 

9'26 

11.28 

10.60 

11.92 

12.71 

13'04 

12.60 

11.72 

10'36 

9.62 

8.78 

7.78 

7'16 

6.34 

6.16 

6.16 

6'95 

8'27 

9'64 

11'29 

11.54 

13'55 

13.70 

12.56 

10.22 

7'72 

761.15 

Id 

6 44 

9'60 

10.84 

11.87 

12.96 

13.62 

13.12 

11.60 

9.30 

6.76 

4.98 

4.24 

4.79 

6.86 

8.50 

8.38 

10.10 

11'34 

12.50 

12.94 

12.63 

11.74 

10'9j 

9.99 

8.96 

8.00 

6.89 

6.33 

5'77 

5'9; 

6'67 

7'76 

9'63 

11.15 

12.96 

14.26 

14.24 

12.92 

10.60 

74 

7.22 

802 

8.96 

10.24 

11.86 

13.24 

13.97 

13.35 

11.84 

9.24 

6.66 

4.66 

4.26 

5.22 

6.30 

6.86 

8.37 

977 

11'42 

12.66 

13.06 

13.14 

12.64 

11.82 

10.77 

9'72 

8.16 

7'34 

6.54 

6'0j 

6.12 

6.48 

7'96 

9.50 

11.68 

14.02 

15.18 

15.15 

13.60 - - - -  
7,~5'397,70'29;48'21 

74 

6.77 

6.94 

7.47 

8.57 

ro..zo 

Iz.oz 

13.69 

14.38 

13.92 

12.48 

9.72 

6.66 

5.04 

4.84 

5.34 

5.92 

6'87 

8'4; 

10.20 

11.70 

12.60 

13.52 

13.76 

13.73 

12.83 

11.80 

10.14 

9.23 

7'96 

7.05 

6.40 

6.10 

6.84 

7.86 

9.90 

12.80 

1+.86 

16'26 

16.07 

- - - -  
75 

6.97 

6-56 

6.70 

7.05 

8.58 

10.14 

12.32 

14.34 

15.05 

14.;6 

13." 

9.96 

7.14 

5.76 

5.40 

6.0; 

6.38 

7.34 

8.76 

10.10 

11.28 

12.81 

13'92 

14.66 

14.27 

13'84 

12'46 

11'44 

9'86 

8'56 

7'34 

6'50 

6'50 

6.50 

7'96 

10.52 

13'21 

15.72 

17.04 

;61,4j 

74 

9.34 

7.79 

6.84 

5.87 

5.74 

6.16 

7.76 

10.16 

13.08 

15.46 

16.44 

15.56 

13.8j 

10.85 

8.00 

8.26 

7.24 

6.86 

6.90 

7'16 

7.66 

9.13 

10.36 

11.84 

13.28 

14.32 

14.84 

1j'j8 

13-74 

12.48 

10.52 

9.00 

7.66 

6'16 

5.30 

5.84 

7.41 

10.33 

13.96 

778.66j62.11 

74 

7.87 

6.92 

6.48 

6.14 

7.00 

8.20 

10.27 

12.76 

14.90 

16.12 

15.46 

13.24 

10.42 

8.06 

6.24 

6.82 

6.51 

6.76 

7.52 

8.56 

9.36 

11.24 

12.56 

14'04 

14.50 

14.90 

14.24 

13-54 

12.04 

10.54 

8.74 

7.54 

6.73 

5'94 

6.26 

8.01 

10.40 

13.66 

16.38 

777.21 

74 

186 fi 

186 6 1  

187 6 

188 6 

189 5 

190 5 

191 6 

192 5 

193 6 

194 6 

195 5 

196 5 

197 5 

198 6 

199 6 

200 6 

201 6 

202 6 

203 6 

204 6 

205 6 

20G 6 

207 6 

209 6 

209 6 

210 6 

211 6 

212 6 

213 6 

214 6 

215 6 

216 6 

217 6 

218 6 

219 6 

220 6 

221 6 

2aa 6 

223 6 

ofky8- 
7Jd ZL. 
185.36.14, 

ro.pq 

926 

7.86 

6.26 

5.32 

4.76 

5.44 

7.15 

9.91 

13.1; 

1j.j~ 

16.37 

15.77 

13.97 

10.50 

10.28 

8'41 

7..76 

6.76 

6.24 

6.38 

1.31 

8.02 

8.90 

10.70 

12.37 

13'50 

14.24 

14.37 

13.67 

12.26 

10.63 

9.04 

7.10 

5.46 

4.76 

4.97 

6.96 

10.25 

74 

6'96 

8.48 

10.38 

12.14 

13.96 

14.57 

13.90 

12.36 

9.54 

6.70 

4'50 

3.46 

3.82 

5.40 

7.24 

9.24 

10.93 

12.5; 

13.87 

14'20 

14.j8 

14.00 

12.96 

11.77 

10.44 

9'26 

8.34 

1-54 

7'12 

7.24 

7.77 

9.16 

11.34 

13.42 

15.50 

16.66 

16.14 

14.56 

11.74 -__------------- 
656.72710.32 

1 7 4  

rt.19 

10.80 

9.16 

7-21 

5.74 

4.31 

3.88 

4.46 

6.43 

9.32 

12.76 

15.10 

16.14 

15.36 

12.97 

12.30 

9.82 

8.56 

7.25 

6.28 

5.86 

5.74 

6.14 

6.50 

7.76 

9'57 

10.90 

12.42 

13'56 

13'96 

13.26 

12.05 

10.52 

8.50 

6.46 

4.81 

3.62 

4.40 

6.4; 

74 

1 r . 6 6  

11.92 

10.52 

8.72 

6.86 

4.90 

3.19 

2.56 

3.53 

5.65 

8.60 

12.10 

14.53 

15.40 

14.30 

13.38 

11.28 

10.06 

8.50 

7.14 

6.06 

5.33 

5.26 

5.04 

5.53 

6'78 

8.02 

9'84 

11'51 

12'84 

13.32 

12.96 

12.10 

10.20 

8.25 

5.98 

3.84 

3.04 

3.74 

727,00681.;9 

74 

6.9~ 

7.63 

9.16 

11.14 

13.31 

15.22 

15.54 

15.04 

13.00 

10.13 

7'60 

5.71 

5.12 

5.54 

7.56 

8.j8 

10.01 

11.86 

13.28 

14.14 

15.07 

7'90 

9.70 

11.46 

12.86 

13.47 

13.04 

11.46 

8.80 

6.20 

3.97 

2'3; 

2.47 

4.20 

6.43 

7.74 

10.16 

11'87 

12.96 

13.87 

13.40 

13.07 

12.02 

10.60 

9.33 

8.20 

7'13 

6'52 

5'97 

5'36 

6.88 

8.24 

10.24 

12.50 

14.16 

15.26 

15.24 

13.54 

11.08 

8.18 

74 

12.22 

12.43 

II.;I 

10.36 

8.67 

6.40 

3.88 

2.27 

1.84 

2.96 

5.1; 

8.47 

11.60 

13.86 

14.44 

13.40 

12.52 

11.46 

10.20 

8.62 

7.07 

6.10 

5.24 

4.74 

4.56 

5.10 

5.86 

7.44 

8.97 

10.98 

12..36 

13.18 

13.14 

11.94 

10.24 

7.77 

5.16 

3.33 

2.56 

643.16 

74 

8.50. 
I 8.14 

8.14 

8.86 

10.48 

12.87 

15.08 

17.06 

17.60 

16.80 

14.80 

rz.1.3 

9.80 

7.95 

9.16 

8.86 

9.14 

10.04 

11.04 

12.08 

1.1.34 

7.56 

7.56 

8.34 

9.86 

12.10 

14.64 

16.06 

16.76 

15.92 

13.94 

11.14 

8.66 

6.97 

6.64 

8.14 

8.59 

9.34 

10.96 

I Z . Z ~  

13.28 

14.54 

10'00 

9'04 

8.38 

8.32 

9'04 

10.58 

12'92 

15.90 

17'55 

18'22 

17.30 

15.36 

13.00 

10.24 

11.11 

9'62 

9'27 

9.53 

10.07 

10.74 

11.84 

15.20 

14.89 

14.22 

13.14 

11.96 

10.66 

9.60 

8'61 

8'26 

8.12 

8.;6 

10.26 

12.16 

14.64 

16.76 

17.54 

17.20 

15.30 

-____------------- 
74 

:::::I 
12.36 

11.70 

10.62 

8.62 

5.80 

3.49 

1.84 

1.56 

2.76 

5.36 

8.45 

11.04 

12.94 

12.62 

12.90 

12.50 

11.86 

10.44 

8.94 

7.65 

6.52 

5.78 

4.86 

4.56 

4.76 

5.64 

7.02 

9.00 

10.84 

12.64 

13.55 

13.44 

12.44 

10.32 

7.44 

5.32 

3.20 

622.47 

74 

12.97 

14.35 

15.15 

16.11 

16'14 

16.14 

15.50 

14'44 

1.q.15 

I I . ; ~  

10.72 

9.67 

9.05 

9.16 

10.54 

12.90 

16.16 

17.76 

74 

9.15 
1r.2 

12.28 

12.56 

12.30 

10.94 

8.60 

5.92 

3.58 

1.90 

1.62 

3.22 

5.84 

8.20 

I;::: 

11.34 

'12.68 

13.02 

13.24 

12.0; 

10.96 

9.76 

8.36 

7.22 

6.26 

5.42 

5'04 

5.14 

5.96 

7.60 

9.38 

11.47 

13.28 

14.14 

14.18 

13.0; 

10.44 

7.86 

5.12 

636.07 

75 

11.48 

10.41 

9.04 

8.34 

8.28 

8.66 

10'40 

13.27 

15'88 

17.87 

18.38 

17.38 

15'56 

12.80 

13.10 

10.96 

9'97 

9'52 

9.54 

9'52 

10.26 

14.58 

15.68 

16.07 

16.51 

15'96 

1j.r; 

13'95 

12.6, 

I]..?; 

10.16 

9.66 

9.35 

9.56 

10.78 

13.24 

15.84 

18.04 

18.50 

15.33( 

14.44 

13.98 

13.16 

11.88 

10.28 

8'40 

6.90 

6.53 

6'46 

8'47 

11-14 

13.80 

15.51 

15.86 

14.7' 

14.07 

13.14 

11.74 

10.64 

9.48 

8.46 

11.01 

12.14 

13.18 

14.47 

15'17 

15.82 

15'83 

15'55 

14.57 

13.33 

12.02 

10.59 

9.15 

8.56 

8.38 

9.72 

IZ..~R 

14.76 

929.21 

74 

16.05 

1j.86 

15.3; 

14.36 

1j.1j 

11.76 

10.53 

9.66 

8.86 

9.04 

9.52 

10.76 

12.9, 

15.j.9 

17.44 

18.37 

11.66 

13.38 

r , . , ,  

13.66 

13.12 

11'72 

10'00 

7'82 

6.04 

5.24 

5'86 

7.30 

10.58 

12.60 

14.11 

12.96 

13'40 

13'41 

12.78 

11.70 

10.50 

9.16 

8.16 

8.04 

7.57 

7.58 

8'01 

8.96 

10.10 

11.46 

ra.72 

13.46 

14.04 

13.62 

11.62 

11-16 

8.76 

6'85 

5.54 

5.06 

841.93, 

1 7 4  

-3.23 

11.9A 

10.37 

9.02 

8.37 

7.68 

8'23 

10.08 

12'54 

15.72 

17'46 

17.9; 

17.04 

rg..qo 

14.71 

12'55 

10.90 

9'76 

9.50 

8'94 

9.14 

778~72844.0389.7~18922.45 

74 

8.73 

8.20 

7.18 

6.88 

6.67 

7.02 

7.72 

8.86 

10.34 

11.64 

13.02 

13.44 

13.38 

12.57 

10.54 

8-10 

5.95 

4.48 

796.72 

1 74 

-4.36 

11.82 

10.46 

8.98 

7'62 

7'07 

7.42 

9'04 

12.00 

14.77 

16.76 

17'17 

16.34 

1j.40 

1.3'78 

12'12 

10.73 

9'87 

8'94 

8.46 

9.35 

9.94 

10.77 

11.94 

12'96 

14.14 

14.93 

15.26 

15.10 

14.29 

13.24 

11.8.3 

9.96 

8.76 

7.60 

7.44 

8.82 

10.60 

74 74 

8.37 

8.56 

8'67 

9.36 

10'25 

11.47 

12.72 

13'84 

14.32 

14.38 

14.10 

12.88 

11.33 

9.18 

7.78 

6.60 

6.46 

7'27 

914.02883.88 

74 
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FORMS FOR SHORT-PERIOD TIDES. ta 

B o M B A Y-Commencing 0 hours, Astronomical Time, 1st January, 1885. z 

D n j  - 

1 

2 

3 

.L 

5 

C 

; 

8 

3 

10 

11 

18 

13 

14 

19 

16 

17 

18 

- I 9  

20 

21 

28 

23 

24 

25 

25 

27 

28 

29 

30 

31 

32 

33 

3A 

35 

Argument 

Oh 

fret 

Ij.j: 

16.60 

16.<>h 

16.40 

1j.96 

14.04 

11.80 

11.16 

9.1, 

8.96 

7.28 

7.62 

6.jo 

5.4, 

j.40 

4.63 

5.06 

4'66 

4.24 

5.06 

S'io 

7'01 

8.15 

;:?: 
10.73 

13.05 

13.76 

16.12 

17.00 

18.4; 

18.64 

18.4; 

1i.i.1 

1 7 . t ~  

15.60 

(y - 4u - $7). S E R I E S  M S .  Motion per mean Solar hour = 14'-7460261. 

lh1 ---- 

feet 

1:.~6 

1j.40 

13.24 

16.40 

15.5W 

1j.00 

'.I"; 
14'00 

12.g: 

lo.jj 

10.~0 

R.;j 

9.54 

8.14 

6.74 

7.36 

6.12 

7.a6 

6.25 

5-16 

6.j4 

6.30 

;.;.I 
8.14 

8.88 

9.76 

11.j6 

11.64 

14.~f1 

14.36 

17.26 

18.38 

17.66 

17.94 

16.74 

16.04 

:"' 

feet 

5.76 

R.40 

8.00 

11.00 

10.4; 

12.62 

12.2: 

13.07 

12.48 

12.67 

11.14 

13.22 

12.34 

11.26 

12.57 

11.24 

12.;~ 

11.j8 
9'6R 
1,.j6 
11.04 

9.76 

10.80 

9.86 

10.22 

9.34 

9.11 

8.29 

8.83 

8.07 

10.14 

12.42 

11.08 

13.2; 

11.68 

13'021 

1h 

fvr! 

r,.l.l 

I:.I(D 

11.9' 

14.28 

13.48 

14.45 

13.64 

13.24 

II.;~ 

11.64 

10.47 

11'46 

10.17 

8.86 

9.78 

8.44 

9.66 

8.54 

7.13 

8.66 

7.70 

8.97 

8.68 

9.28 

9.24 

10.06 

9.52 

11'40 

10.96 

1.3.80 

16.30 

1+.6; 

16.48 

14.88 

13.34 

Ih / 
feet 

3.03 

4.86 

4'87 

7.6,~ 

7.54 

10.24 

10.47 

12.20 

12.66 

13.14 

13.2.1 

14.24 

14.10 

13.66 

14.81 

14.04 

lj.20 

14.15 

14.87 

13.64 

12.1; 

12.9; 

11.j6 

I I . ; ~  

10.0; 

8.8; 

7.91 

7.24 

6.2; 

7.09 

8.9; 

j'j4 

9.84 

B.;G 

10.16 

6'. 

feet 

2.18 

2.00 

2.j; 

3.53 

j'oj 

7.04 

8.44 

10.2; 

11.60 

12.20 

13.63 

13'94 

Ij'17 

1j.8; 

I;.?; 

16.36 

16.63 

16.88 

16.45 

16.jh 

1j'i-I 

1j.50 

14.56 

14.14 

12.40 

10.46 

9.53 

7.j3 

6.j; 

5.02 

4"6 
J'ji 
3.93 

4.96 

4.92 

6.27 

Sh 

feel 

1.68 

:::f 
2.80 

4.89 

5.76 

8.0; 

9.05 

11.16 

12.2; 

12.9; 

13.84 

14'jR 

1j.m 

1j.3R 

16.13 

15.74 

16'jj 

16.1.; 

16.44 

1j.62 

14.36 

14.62 

13.36 

13.06 

11.16 

9.40 

8.25 

6.86 

j.77 

5.2; 

6.01 

5.01 

6.84 

6.34 

7.86 

ih 

feet 

4.80 

5.56 

4'24 

3.86 

5.67 

6.84 

8.d~ 

9'64 

10.93 

11'2) 

12.j8 

12.72 

13.9; 
13'24 
13.66 

14.56 

15.71 

1j.t; 

16.08 

I5.00 

15.76 

1j.96 

15.17 

15.02 

14.41 

13.38 

11.8; 

11.~4 

9.20 

8.62 

6.02 

6.:2 

4.32 

4.33 

4.;4 

5.54 

I 

feet 

7.90 

8.82 

6.84 

5.55 

7'22 

7.54 

9'0.3 

9'60 

10.34 

10.48 

11.38 

11'24 

12.27 

11'54 

12.2; 

13.82 

12'77 

14.04 

12.42 

13.82 

14.86 

13.80 

14.3; 

13.60 

13.66 

12.9, 

12.70 

1 1 . 1 1  

11.2j 

8.40 

9.14 

6.j5 

j.26 

:::: 

t 

feet 

I I ' ~ O  

12'9.1 

lo.20 

8.01 

9'17 

8.6; 

9.97 

9'90 

g.yR 

10.12 

10.27 

10'02 

10.58 

9'82 

10.03 

11.22 

9.9; 

11.01 

9.50 

11.00 

12.76 

11.46 

12.76 

1t.06 

13.03 

13.44 

13.80 

12.97 

13.92 

11.8j 

12.jb 

9.62 

7.44 

::::I 

I D  

feet 

15.50 

16.44 

14'07 

11..16 

12.11 

10.60 

11'20 

10.60 

9.86 

10.05 

9.7; 

9.32 

9.3j 

8.71 

8.46 

8.94 

7.86 

8.j4 

2 

8.3; 

10.13 

I 

10.76 

10.26 

11.8; 

::::: 
14.14 

14.55 

1j.74 

14.65 

1j.40 

13.04 

10.66 

11.0; 

9.0; 

11" 

feel 

18.00 

18.58 

17.16 

14'8.3 

1j.02 

12.84 

1j.05 

11.70 

'O"; I1.oi 

10.23 

9.62 

914 

8';j 

8'16 

7.82 

7.54 

6.84 

6.;6 

5.80 

6.3; 

7.78 

7.34 

8.71 

8.46 

10.24 

10.74 

13.30 

15.08 

1:: 1: 
17.00 

1j.80 I 13.70 
13.60 

11-36 

lZh 

f e e  

18.8j 

18.97 

18.86 

17.16 

17.02 

15.06 

14.64 

12.96 

12'14 

10.84 

9.89 

9.46 

8.76 

8.36 

7.74 

6.94 

6.68 

6.12 

5'43 

5.54 

6.1; 

6.1; 

6.96 

i.10 

8.4; 

8.86 

n.34 

14.1; 

14'96 I 16.84 
16.86 

16.84 

I;.;, 

15.16 

13-26 

/ 13" 

feel 

18-08 

17.67 

18.84 

18.38 

17.53 

16.36 

1j.46 

14'02 

13'06 

11'64 

10.44 

10'37 

9.26 

9'30 

8'41 

7-15 

7.j6 

6.34 

6.26 

5.64 

j';~ 

6.00 

6.2.3 

6.25 

7.00 

6.83 

8.72 I 11.84 
12.18 

15'28 

14.76 

16.08 

16.43 

15.34 

14.34 

1 P  I 15'1 101 / Lib 18' 191 20. 1 21. 22h I' 801nr - 
____________- 

feet feet feel feel feet feel feet feet feel feet d h  I 
1j.I~ 11.54 8.50 6.21 5.j3 6.08 8.20 11.31 14.16 16-06] 1 2 3  

14.24 10.56 1.53 5.j7 5.16 6.10 8.63 11.84 14.68 16.6~ a o 
17.06 13.20 9.77 6.90 5.23 4.96 6.16 8.86 12.14 14.87 4 0 

12.16 

I 
17.93 

15'80 8'68 6.10 j'oj j'zj 6.68 9.24 12.28 14.j~ 6 1 

16.63 14.11 10.96 8.16 6.22 5.47 5.84 7.18 9.67 12.12 6 1 

16.35 15-24 12.76 10.11 8.00 6.64 6.17 6.55 7.86 9.i6 7 1 

I 
I 

1j.18 13.87 11.68 9.76 8.10 7.16 1'03 7.40 8.q 9.82 8 ? 

14'44 13.ij 12.2; 10.82 9.20 7.93 7.24 7.06 7.34 8.07 9 2 

1.3'36 13.72 11.71 10.4.3 9.1) 7.97 7.14 6.75 6.94 1'74 113 3 

12.2; 12.68 12'37 11'j3 10.42 8.9; 7.80 6.96 6.38 6.44 11 3 

11'24 11.97 1z.j~ 1z.50 11.8; 10.54 8.76 8::; 5.74 6.34 12 4 2 
11.48 12.46 13.04 12.84 11.88 1o.z.3 8.20 6.52 5.62 5.56 l a  4 I F 
10.34 11.68 12.~6 13.64 13.36 11.80 9'66 3 2  5.82 5.14 14 4 t( 

I 
0 

10.74 12.46 1.3.64 13'98 13.00 10.84 8.24 6.20 4-76 4.46 15 5 a 
9.71 11.76 13.30 14'26; 14.09 12.44 9.76 7.00 5.12 4-20 16 5 

8.40 10.~7 12'44 13.13, 11.50 8.60 5.94 4.37 4 . 0 d 7  6 
1 

9.32 11.40 13.55 14.80 14.78 1.3'22 10.43 7.48 5.34 4.30 18 6 I 
B 
2 

7.60 9.84 12.14 14.06 14.84 14.14 rr.o6 9.06 6.46 4.6; 19 6 0 !a 
8-16 10.13 12.88 14.28 14.56 1,3..3,3 10.92 8.30 6.04 4.87 20 7 1 

6.83 8.93 11.40 13.32 14.42 r4.2j 12.4; 10.10 7.91 6.34 21 7 I 
7.62 9.70 11.;6 13.36 14.14 13.7' 12.06 9.94 8.32 7.22 22 8 

6.68 8.02 9.76 11.6j 13.04 13.76 13.34 12.14 10.69 9.0; 23 8 

.,6.09 6.68 7.86 9.46 11-24 12.66 1~3.~6 13.34 11.38 11.08 24 8 

I 
6 . 1 1 1  
6.08 6.56 7.64 9.14 10.84 12.34 13.44 13.81 13.33 12.18 25 9 

j.83 j.38 5.68. 6.78 8.j~ 10.33 12.22 13.56 14.30 14-16 26 9 

5.22 4.41 4.7; 6.10 8.10 10.50 12.6.3 14.j3 15.56 1j.33 27 10 

6.20 4.24 3.38 3.76 5.30 7.;6 1o.j~ 13.jo 1j.72 16.74 28 10 

j.;o 3.60 2-36 3.06 5.04 II.4B 7'88 14.56 17.04 17.86 29 11 8.82 

8'44 5.42 3.22 2-16 3.0; 5.52 8.75 12.46 16.01 18-10 3 0 1 1  

11'68 7.88 

11.06 7.36 4.34 2.72 2.99 4.86 7.74 

13.23 10.16 

rj.42 12.82 

14.06 11.68 

m4.26 .z.EE 
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FORMS FOR SHORT-PERIOD TIDES. 

S E R I E a MS.-(Continued). 

Uuy 0" Hour 

213 5';4 6'44 7'77 

234 16.~7 1 5 . 3 ~ 3 . 0 8  10.11 7.72 6.36 6.10 6.94 8.63 10.8.3 1.3.20 15." 15'71 14.43 u.89 8.54 6.26 4.9; 5.06 6.36 8.22 10.64 13.40 15.80 16.62 239 0 

235 16.16 14.21 11.38 8'34 6.33 5'46 5'74 7.13 9'22 "'8.1 14'36 I ~ . ; I  1j.48 13.64 10.66 7.60 5.70 4.96 5.70 7.24 9.54 12.02 14.56 16.24 240 0 

236 16.j6 15.34 12.80 9.60 7.06 5.50 5.18 5.94 7 .72  10.28 13.04 15.14 15.90 14.88 12.52 9.6.3 7.07 5.74 5.64 6.67 8.36 

I 
237 15.97 14.06 11.04 8'16 6.11 5.05 5.41 6.72 8'8.3 11.26 13'77 15.36 1j.38 14.00 11'jo 8.72 6.86 5.97 6.34 7.j~ 9.30 

238 

239 

2443 

241 

2 

243 

244 

245 

246 

247 

248 

249 

261) 

251 

262 

253 

15.84 

15.2, 

14.44 

13'06 

Ia.46 

10.86 

9.04 

8.06 

5.63 

4.58 

3'17 

3.30 

2.94 

3.84 

4 . a  

5.70 

11.77 

15.10 

13.86 

13.46 

12.92 

12.02 

10.38 

9.98 

7.14 

6.80 

+.jj 

5.0; 

3.94 

5.01 

5'63 

IZ'N 

13'64 

lr.25 

13.08 

12.66 

12.34 

12.00 

12.06 

9.64 

10.06 

7.26 

8.06 

6.16 

3 . 9 ~ ~ 1 6  

6.44 

6.34 

9'.1; 7'06 5'37 4.85 5.64 ;'12 9'24 11.64 13.96 15.06 14.75 13.17 10.56 8.64 1.30 6.86 7-44 8.64 

6.34 I 11.26 8.61 6.50 5.32 5'38 7.85 9.86 11.96 13.64 14.58 14.07 12.68 10.68 8.97 8.02 7.81 8.36 9.26 10.60 12.24 13.73 244 2 

10.02 8.06 6.46 5.62 j.78 6.47 7.80 9'6.3 11.38 12.97 13.74 13.44 12.44 11.04 9.8.3 8'84 8.5; 8.8; 9.6; 10.67 11.96 245 2 

11.68 9.86 6.26 6.8; 6.1; 6.26 7.02 8.17 9.66 11.26 12.55 13.37 13.5; 12.94 11'92 9.67 9.16 9.18 9.63 10.54 11.48 246 3 
10'1.3 

11.74 10.42 8 87 7.44 6.44 6.21 6.66 7.76 9.20 10.76 12.36 13.54 14.05 13.6; 12.68 11.26 10.02 9.22 8.90 9.14 9.86 247 3 

11'98 12'36 11.16 9.57 7.60 6.24 5.63 j'97 7.17 8.80 10.66 12.80 14.28 14.96 14.74 13.66 11.8j 10.04 8.66 8.02 8.14 2 U  3 
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TIDAL OBSERVATIONS. 

FORMS FOR SHORT. 
B o M B A Y-Summations and Means of 

- 
7" loh 1lb - -  

f ~ e t  

37 0 3 69 369 369 369 369 3G9 369 

Moans 10.258 11.119 11.743 

- 

E 

6um (pp. 110-111) 

( ~ ~ 1 1 2 1 1 3 )  

,, (pp.114-116) 

,, (pp.116-117) 

4b 

feet 
761.13 

689'36 
641.70 

807'84 

,, (pp.118-119) 

Oh 

feet 
723'67 

570'44 

769.73 
617'23 

596.11 

bh Gb Ih 8" Oh loh llb 

647.59 715.26 782.36 840.32 865.32 889.31 881.87 670.87 

feet 
720'27 

756.30 
620.46 

825.07 

- ~~~~~~~~~~- 
m " f i u m ( p p . l l G 1 1 9 )  3.351'94 3332'54 3369.64 3431.48 3498.14 3569'69 3629'09 3701.28 37j0.54 3821.29 3899'24 3990'39 
- ~ ~ p ~ ~ ~ ~ p ~ ~ -  

370 370 369 369 369 359 369 a69 369 3G9 369 
- - p ~ ~ ~ ~ ~ ~ ~ -  - 

IIeans 9.059 9.007 9.107 9.299 9.480 9.674 9.835 10.031 10.164 10.356 10.567 10'814 

1" 6" I I" 

3" 
-pppp.p 

feel 
798'65 
618.93 

680.42 

764.60 

lh 

feet 
769.74 

551.64 

738.35 

6j4.71 

- 

i 

E 

Zb 

fret 
798.21 

568'43 

711.10 

698.28 

feet 
66j.02 

830'55 
605.70 

812.56 

568.88 618.09 

~ ~ ~ ~ ~ ~ ~ ~ - -  -- 
- 

X i .  01 01s. . 1 370 1 l i 9  370 368 370 369 368 369 370 369 368 369 
~ ~ ~ ~ ~ ~ ~ - - -  --- 

Mrana . 6 0  I I I I 9.96. 9,913 9,915 9.953 10'007 10.114 10.184 10'310 1 ' 10'419 

-- 
-- 

Oh Ib  2b I 3h 4h 5b Gh 7b gh loh I lh 
- ---- 

feet feet fret feet feet feet feet feel fert feet feet feet 

;k9.10 761.54 4 9  701.96 710.79 i13'0l 69+.59 734.49 733.71 7j0.75 771.98 

800.65 786.16 769.81 790.17 781.19 761.18 76.3.01 755.73 755.j~ 728.19 738'55 

806.7~ 806.60 812.33 806.72 ;92.57 175.12 ;96.9R 810.84 I 807.~7 796.20 756'78 

771.61 751.66 767.12 7j7.11 731.ja 777.B3 761'4.5 808.~0 813.02 803.5~ i99'98 

700.30 ir4.13 I 679.85 7 ~ 4 . 8 ~  733.43 7.15'74 760.51 768.13 744'32 744'i0 ~ 7 " ~ ~  
pppppp---- -- 
3169.46 8 0  I 3 ,  I 3;.$8.66 I 18w'oa 1N0'4.3 8 4 2 5  3 5 4  

38449' 

m 
------ 

so. or Obs ... ( 870 370 369 369 370 368 369 368 369 

--- 
BIeaom . .  j I O ' I ~  lo.352 I I , a  6 10.11. ~0.3.35 10.408 10.418 10,475 10'41> 

Bum(pp.12G121) 

,, (pp.122-123) 

,, (pp.12+126) 

,, (pp. 121;IZi) 

,, (pp.128-129) 

583.62 

feet 
622.68 

870.19 

645.71 

780'34 

feel 
743.71 

765.35 

758.50 

683.96 

770.71 

feet 
607'77 

879.69 

699.54 

7 3 3 2  

Sum (pp. 120-129) 3;11.14 3703.37 

feet 
718,;R 

iR0.58 

2 

676.63 

801.26 

feet 
627.02 

860.79 

763'j8 

704'58 

3;00'40 

feet 
706.28 

802.43 

691.31 

701.39 

798.49 

feet 
$67.96 

823.73 
829.96 

688.18 

feel 
758.10 

771.49 
887.21 

691.72 

3667.10 3665.89 3675.04 

feet 
675.00 

818.9; 

657.84 
742.61 

773.28 

fret 
696.17 

805.16 

627.12 

846'95 

690.39 

fret 
674.86 

826.64 

633.01 

805.j4 

734.99 
~ ~ ~ ~ - ~ p ~ - -  

3662.79 

feel 
737.20 

775.7; 

644.31 

879.65 
625.86 

3692.47 

feet 
796.85 

738.35 
681.17 

888.81 

~ 8 7 . 2 ~  

3742.30 

feet 
8i6.16 

6118.73 

745.69 

886.43 

575.29 

3757.73 

. feet 
874.43 
664.1; 

791.37 
825'84 

601.92 

9 3 9 5  3844'50 

feet 
894.54 

643.97 

841'75 

769'07 
644'62 -- 

feet 
893'37 
655'10 

875'48 

7"'23 

709'32 



Carp. VII.1 NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

pE LtIOD TIDES. 
Series S, R, P, and p or 2 MS. 

,,j - 
2 a * 

. -- 

d 
m 

i 
CB 

rn 

I z 
m 

-- - 

N 

a 

m 
m 

1 Ph 18.' I IS"  15" 18" 13" 2uh 2 Ih  22" 23b 

feet 
9;j.oo 
889.23 

i9,3.0j 

854.14 
912.48 

feet 
976.40 

848.64 

769.34 

845.43 

915.78 

4423.90 4,355'59 4136.04 3834.0; 35.30'05 3299.63 ,3208.3j 3266.03 .3+62',38 3752.33 4053.46 4285.16 91288'50 
-- - -- - -- - 

169 3C9 3fi9 369 369 369 369 360 369 369 

l zh  1 13'' 15" lYh 19" 20h 21" 2Zh 23h 

fret 
9>9.65 

177'9.3 
722.70 

8oj.24 

892'52 
-- 

feet 
843.jj 

742.30 

914.17 

722.35 
R5R.64 

4oR1.o1 

- -. . 

369 
-- 

11.060 
-- 

I Zh 
- 

feet 
972.66 

665.06 

902'jZ 

670.97 

779.56 - 

3890.77 

370 

feet 
873.58 

694.49 
666.49 

749.h 

849'63 - 

- - - . 

feet 
919.92 
iz6.11 

945.43 

;j5.99 
BzR.JR 
- 

4175.83 

369 
- 

II..~I; 

- - -. . - 

feet 
97.3.32 

i.37.99 

gjj.;6 
828.47 

I 

-- 
12" 13h ].I'3 1 Gh 16" l r l '  

feet 
794.64 
619.85 

610.53 

695.89 

799.14 

3'~~'9.l 37.59'56 3739.81 3720.01 3716.71 3748.97 3790.18 3799.55 3850.77 3882.35 3888'66 3857.03 91288.50 
- - - - - - - - - ~ - - ~ ~ ~ ~ ~  

309 369 369 369 3iO 368 3 69 368 

18" 

feet 
795.27 

772.93 

707.38 
jr8.1a 

787.08 
-----ppppp-- 

fppt 

788'62 

696'54 
;62'42 

Ro6'10 

777'25 

feet 
662.98 

j5j.0.3 
604.10 

659.79 

726.45 - 

,feet 
719.55 

569.27 

596.14 

6j9.99 

754.68 
-- 

lgh 
- 

feel 
707.86 

Haj.28 

7jj.46 
827.21 

769.86 

388.3.67 

369 

- 

f w t  
986.21 

ij0.45 

904.46 
884.66 

765'16 
- 

lYh 
- 

feet 
j08.17 

829.40 

762'62 

809..39 
817.12 

3926.70 

lgh 

feet 
r93.64 

754.56 

744.73 

72.3.82 
i8z.80 

feet 
754'95 

70.3'17 

753'69 

i91.47 
756.28 

feet 
631.76 

578.32 

640.99 
691.62 

720.34 
- 

- - 

, feet 
887.55 
858.86 

810.17 

927.2; 

iRo.49 
- 

feet 
945.71 

815.94 
8j9.81 

921.14 

776'25 

369 369 369 369 369 369 

4268.25 4,310.94 4318.85 4264.54 4148.42 

13h 1 14L 

.?gg2.21 
-- 

368 
- - 
10'848 

lbh  
-- 

fpet 
i58..37 
jR8.71 

R.36.11 

686.26 

907.40 
. - 

3976.85 

- 
feel 
838'37 

hgi.24 
882.87 

649.89 
859.60 - 
3921.0; 

ZOh 

. f e d  
785.61 

198.8; 

779.56 

739.64 

747.09 

feet 
752.98 
732.62 

737'14 

744'97 
7 1  

feet 
641.91 

6.3.3.64 
705.26 

747.19 

73+'.3R 

-. 

feet 
817.96 

874.14 
766.70 

897.33 

i92.29 - 

369 
- 

11.242 

-- 

369 369 %;9 369 

ZUh 
- 

fprt 
811.25 

~3R.53 
86.3.18 

6 5 7 0  

887.44 
-. . 

js58.10 

369 3G0 

11.j6; 

Itih 
- 

, feet 
72.3.67 
809.26 

813'57 

729.49 
898.25 

3954.24 

2Lh 
-- 

2Zh 

Zlh 
p-pppp 

feet 
820.56 

810.38 

769.99 

741.67 

739.75 

feel 
774.99 

734.36 

694.92 
751'18 

764.56 

feet 
681.53 

709.45 

i8.3.60 

815.87 

761.88 
- 

- 

feet 
;36.,38 
890.72 

717.42 
Rj2.70 

804.99 
-- 

.382z.92 
- 

lih 
- 

feet 
703.5; 
827.16 

781'59 

790.89 

864.39 

3967.60 

23h 

3507.32 3664.21 

11.68.3 

feet 
716.33 
802.42 

770.31 
817.18 

732.94 ~ ~ ~ ~ ~ - - ~  

3849.14 

feet 
755.78 

737.45 
718.68 

718.14 

786.66 

fcct 
7.34'50 
788.20 

857'11 
881.94 

791'71 - 

feet 
671.32 

859'37 
726.2; 

770.54 

79j.42 

3ti9 

feet 
ijz.58 

78j.13 

765'5.3 

j87.j~ 
720.86 

.3801.68 

feet 
757.68 

7;l.j~ 

7;0'30 

747.96 

717.84 

3764.40 

18294.02 

18253.46 

18526.48 

18285.j9 

17928.95 

EZh 

feet 
819.36 

798.j~ 

790.25 

i51.35 

729.35 

feet 
779.99 
760.10 

717.71 
7 2 0 ~ 0 0  

770.57 

3388.74 

11,704 

23h 

feet 
793.54 

793'41 
806.92 

756.37 

706.79 

feet 
786.21 

850.54 

913'59 

926.37 
808.45 
- 

- 
feet 
637.88 
798'26 

733.12 

696.55 

798.40 
- 

91288.50 

350 
-- - 

11.5ji 

feet 
748.31 

779.76 

765.89 

708.59 

737.01 

3739.56 

18294.02 

18237'33 
18j14'11 

18188.63 

17944'41 

369 369 

18346.18 

18294.09 

18341.22 

18300.32 

18006.69 

91288.jo 

-- 

feet 
629.45 

;18'.3.3 

751.09 

637.83 
770'62 
- 

10.360 9.903 9'505 

jeet 
666.34 

626.24 

j68.0; 

603.82 

724'27 - 

9'184 

- 

18zj7.01 

18~10.2j 

18446.93 
18247.19 

18147'12 



TIDAL OBSERVATIONS. 

FORMS FOR SHORT. 

Sum (pp. DO-91) 1 1 0 7  1 4 1 1 6!zri1 1 ic$o 

I feet I n e t  
0- (pp. 1W101) 745.01 691.67 

No. of Obs. 371 370 

Ib -I 

6 

C 

feet 
695.23 

745'38 
joa'8.3 

701.16 

751.60 

feet 
68j .13 

733 ' 90 
693' 10 

7'5'55 
689.56 

e 
m Snm (pp. 1W109)  3712.24 3611.8; 

@P. 102-103) 

,n (pp. lM-lO5) 
( P P . ~ O ~ ~ M )  

3 ,  (Pp. 1'38-109) 

feet 
680'95 

753'80 
664.46 

748.94 
708.52 

744.58 
750.61 

716.99 

755'04 -- 

744' 14 

738.47 

703'8j  

7.14'74 

< 

m -  
a 

- 

0' 

m 
* 

B 0 M D A Y-Summations and &Ieaus of 

(ih 7" 

368 3G9 369 372 

5h 6" ih 

feet 
7.30'71 
700.15 

703.65 
769.12 

694.75 

Bum @p. 13&131) 

(pp. 13a133) 

,, (pp.13C135) 

,, (pp. 13613i) 
(PP. 13a139) 

sum (PP. 130-1391 

So. of Obs. ... 
- 
Yeano ... 

0um(pp.1&141) 

,, (pp.142-143) 

,, (pp. 144146) 
,. (pp. 146147) 

3 7  (PP. 1-149) 

--- 
feet 

722'78 

747.98 
700.15 

784'15 

70.3'48 

feet 
762.81 

755.67 

769.97 
770'20 

751'3s 

38lo 'oo 

370 

10.197 

feet 
789'33 
708'24 

741'62 

788'7.3 
684.89 

feet 
771.19 

7 ~ 0 . 1 4  
761.46 

754.83 

787.98 

,3795'70 

371 

10.231 

3598'38 3658.54 3712'8' 

369 370 370 

9 .7 jz  9.888 10,035 

5h 6b 7 

Bum @p. 1@149) 3782.67 I 
No. of Ob. . 1 369 

M u o r  ... 10.151 

3758.28 
- 

368 ------- 
10.~1.3 

8" ------- 
feet 

740'06 

748.16 

798.18 

763.27 

765.09 
pppp--- 

3814.76 
pppp--- 

37 1 ------- 
10.282 

Bh 

3774.02 ----- 
369 

~ 

10.128 

feet 
742.42 

736.63 
782.88 

757.72 

772.13 

3791.78 

371 

10.220 

5" 

3799.23 

371 

le.a41 

feet 
788.54 
728.23 

756.99 

757.19 

727.13 
p----pp 

feet 
763.31 

740.17 

759.40 

755.15 

769.15 ----- 

,3787'19 
----- 

370 ----- 
10.1.36 

feet 
739.17 

745.29 

755.54 

767.55 

782.39 

3789.94 

a7 I 

lo.115 

Oh 1 lh 

.3Ro8.78 

369 

10'322 

Bh 

feet 
729.58 

77j.97 

787.97 

751.63 

760.54 

3805.69 

370 

10.286 

gh Zb ----- 
feet 

747.10 

773.60 
750.82 

758.51 

743.99 

3765.30 

370 -- 
10.176 

feet 
745.02 

754.33 

770.07 

766.45 

754.10 

3789.97 

370 

10.143 

feet 
747.98 

769.09 

I 

750.39 

750.90 

---- 
feet 

803 03 
716.84 

779.83 
780'21 

728.37 

3766.90 

370 

10'181 

feet 
757.94 

758 ' i9  

765.29 

768.99 

743.83 

3594.84 

37 1 

10.129 

feet 
746'89 

742.58 

774.24 

767.85 

76.3.62 

3795.18 

370 

10.257 

7 b  

feet 
764.06 

768.76 

742'48 

771.09 

i66.39 

381a.78 

372 

10.149 

fcrt 
740.3: 

740.33 

787.43 

77.3.17 

757'95 

3833'36 ---- 
368 

10.417 

feet 
768.36 

737'14 

765.97 

750'37 

753.45 

3775.29 

370 

10'203 

3h 

feet 
741.53 
721.18 

777.31 
768.46 

755.9' 

3907'48 

370 

10.561 

feet 
774'59 

751.36 
810.97 

739'58 
756.86 

4h 

feet 
763.46 

740.99 
768.42 

732.67 

761'.36 

feet 
778.00 

735.74 

718'9.1 

785.69 

756.46 

~ 7 8 4 . 8 1  
- - -  

370 

10'229 

feet 
813.78 

7j4.60 
8 1 0 . 0 ~  

752.49 

776.57 

loh ( 11" 

feeL 
780.85 

4 

2 

755.65 

743.89 ------ 
3 7 9 r 7 2  

a71 

10'123 

feet 
1 1  

758.18 

788'89 

766.70 

76.3.39 

3809'97 

370 

10'297 

lob 

feet 
749.20 

7i9.80 

797'91 

740'98 

773'08 

3840'97 

372 

10'325 

11' 

feet 
76.5'81 

749.25 

759'73 

758.63 

757.48 

6790.90 

'869 

10'27.3 

feet 
754'39 

7 6 4 " ~  

787'09 

752.J3 

757'4' 

3815.37 

370 
-- 

10.311 

fee' 
74'"' 

771'41 

779'64 
7 4 0 ' 0 ~  

797"7 

3835"8 - 
370 

--- 

'0.3~' 



NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

PERIOD TIDES. 

Series M, 0, J, and Q. 

k! 
t! " 

6 
m 
3 z 

m 
f! 
m " 

181~3 .51  

18.157'84 

18409'55 
18418.65 

17918'95 

23h 

feet 
1075.13 

10~3.78 
1070.88 

1072.91 

1051.45 

5 ~ 9 . 9 8  4 5 9 3 . i j  37i6.85 2968.29 2443'.37 2292.34 2510.38 3052.68 3816.92 459.1'57 5155'01 5364'15 9"@8'50 

------------ 
370 369 368 368 369 369 368 a69 369 368 369 

- 
12'' 13" 14h lSh I (ih 17h l B h  20" 21" 2Zh 23' 

- - 

feet frrt ,feet f e ~ L  feet feet feet 
745.79 764'28 763.48 760.84 779.48 782.19 832.47 816.0; 838.97 801.49 803.77 738'84 18350.62 

777.61 804'95 814.93 824.98 812.14 Azo' j4  774.60 795.55 779'96 i55.00 757.02 755'77 18302'15 
821.23 RoR ' j j  788.43 770.37 769'74 758.91 793'22 799'07 798'23 803.96 779'79 784'21 18328.62 

; 4 j . 9 ~  765.61 772.47 786.92 8 1 1 . j 1  8.12'1.1 840'80 821'35 770'38 754.71 741'66 i o q ' o f  18,308'48 
i 8 i . 0 ~  780.12 786.89 786.56 785.66 782.46 760.00 765'24 564.66 764.68 766.75 756.46 17998'53 
-ppppp- 

3877'57 3921.69 3926.20 39299'7 ,3958'53 3976.23 4001'09 3997.28 3952.20 3879.85 3848.99 3744'35 91288.50 
- -. -- - - -- - - - - --- 

968 I 3 i 0  350 368 369 368 370 

I 
- - - 

10'5.31 10'599 10.611 1o.h i8 1 o . j r 8  1o.805 10.814 10.803 10.711 10.572 10.403 10.175 

21  

feet 
6 

916.80 

940.31 

946.14 
878.16 

i49.10 
776.86 

575.27 

790'50 ------ 
3861. l o  

788'42 

772'88 

780'04 

i S 6 ' 0 1  

3R+7'57 - 
372 

, 'O'34.3 

22b 

feet 
l o r l . 9 a  

1 0 ~ 8 . 8 0  

'041.05 

10j4.15 
989'11 ---- 

l a h  

feet 
492.81 

491.27 

533.46 
j 1 1 . j 8  

478.26 

lZh 13h 14h 

763.27 
780'18 

779.19 

781.47 

3850.70 
- 

372 ---- 
10,151 

756..35 
772'18 

756'52 

759'53 
--.- 

,1832. l a  

a70 

I 

15h 

fert 
5'86.3.3 

599.48 

j99..1j 
591.06 

592.07 

16h 

feet 
476.86 

499.89 

494.34 

495.43 

476.85 

15" 
--. 

feet 
774.8.3 

787'09 

i57.58 

775.61 

776.52 
752.88 

i49.28 

.3838.12 

.feet 
745.64 

783.39 

776.78 

769.01 

771.08 

758.40 

777'74 

3849.54 

37 I 

I 

l g h  _--------- 
feel 

595.88 
610.92 

650.77 
b10.72 

584.39 

17h 

feet 
459.09 

451.76 

482.75 
460.99 

437.85 

14" 

f e e t  
748.92 

779.46 
542.68 

744.15 
761.64 

lZh I 13b 20h 

feet 
744.51 

770.90 

799.94 

763.36 

7.18.21 

_ 

p e t  
104s.66 

lo,i8.7~ 
1ozl . jg  

1060.31 

~ O , * , ~ . B B  

16'' 

feet 
746.57 

769.15 
770.02 

feet 
742'01 

780.79 

778.93 

feel 
921.58 

9 i 7 . 9 8  
899.21 

924.04 

910.94 

780.94 

3825.09 
-- 

370 

feet 
768.91 

779.34 

784.36 

761.21 

774.13 
772.08 

770.69 

3819.31 
p ___ -pp  

i j l . 1 9  

790'39 

3861.08 
- 

372 
___ 

770.36 

17' 

feet 
777.49 

771'7.7 

765.98 

7.38'34 

7Ru.98 

790.96 

740.38 

76.3.27 

3854.6: 

777'30 
---- 

3832.51 
- 

370 
___ 

3 ~ 8  370 

268.99 

3825.09 
- 

368 
--__ 

759'39 

l B h  
-- 

feet 
i68.34 
769.24 

745'04 

i65.72 

792.73 
749.12 

770.16 

3509.71 

37 2 

10.338 

769.74 

3845.04 
P 

371 

753.48 

1822~.91 

18510.90 

18141.70 

18319.60 

9 1 5 4 9 . ~  

10'394 

16" 

feet 
769'37 

742.69 

743.04 

776.29 

746.31 

749.23 

756.62 

779'33 

751.69 

776.05 - - - 

f i 4 ' l . j  

3848.74 
-- 

370 
- ___ 

l g h  
- 

feet 
760.60 

757'15 

7i5.30 

10.358 

792.66 

775.94 

766.59 

744.37 

10'402 

17b 

,fret 
783.82 

77.1'99 

3820.90 

782.99 ------ 

38.1n.60 

786.32 

20h 21" 
- 

feet feet 
755.80 738.47 

752'14 766.26 

744.58 773.91 

10.364 

fret 
75°'22 

18302.43 780.88 1 788.02 776.86 

10'379 

lJh 

feet 
746.59 

feet 
787'54 

368 372 369 

38j6.61 

766.54 

3845.91 
-- 

766'77 

10.,175 

lBh 
- 

feet 
751.20 

19 ------ 
ferl 

773.31 

3789.10 

18094~0.3 
18161.45 

18538.71 

2Zh 
pp 

feet 
764.47 

750.58 
580.60 

10,.366 

ISh  
- 

fpet 
779.06 

767.24 758.51 

3800.64 3825.17 

18rt j j .15 

23h 

feet 
741'40 

757.83 

763.40 

370 
_ _  

368 370 
____ 

10.251 

23h - -- 
feet 

732.98 

371 
___ 

10.191 

2Zh - 
feet 

774.22 

10.328 10.338 

18352.64 

91549.26 

370 

735.08 

3807.59 
--- 

20b - 
feet 

757.21 

369 

753.06 

3782.46 

21b 
- 

feet 
777.05 



TIDAL OBSERVATIONS. 

- 

; 

FORMS FOR SUORT. 
B 0 M B A Y-S u m m a t i o n s  and Means of 

7" A" 9" IOh 11h 
--- 

358 358 
----. 

No. of Ubs. i9.9 
Yesno 

-ppppp - -- -- - 
3" .Lh 5" Ah 9" 10h I I" 

-- 

727'18 7.55'69 801.68 796.19 800.35 786.08 

- - ~ ~ ~ ~ ~ ~ -  -- 
359 369 358 358 359 360 367 359 3G0 358 358 

- - ~ - ~ ~ ~ ~ ~ ~ -  - 
11.187 10.817 10.311 9.810 9'455 9,292 9.444 9.846 10.380 10'844 11.197 11'310 

I 
- 

Oh 1 2" ab 4" 6h 6b 5" gb 

Sum(pp.17&171) 

,, (pp.174-173) 

,, (pp.174-175) 

,, (pp.l7&17i) 

,, (pp.17&179) 

loh 11' 

fsrt 
805.33 

729.58 

777.01 

767.08 

543.81 

m sum (pp. 170-Ii9) 3622.81 

No. of Obs. ... 353 

Mean8 ... 10.163 

. 

-- 
3684.49 
--- 

353 -- 
10.438 

feet 

779.93 
750.10 

757.60 
i66.50 

523.35 

3 6 3 1 ' ~ ~  

350 

'0.37~ 

-- 

-3577.48 

3 Lq 

10.251 

0' 

p-p-pp 

fert 

709.55 
763.88 

745.75 

757.45 

533.19 

3569.82 

348 

10.258 

5 

feat 
6 6 1 . 7 ~  

880.24 

678.49 

753.94 
584.1s 

fcrt 
;pI.r8 

682.71 

789.41 

840.7.1 

479.1: 

feet 
794.05 

784.78 

747.40 
j61.02 

549.04 

3636.29 

353 

1o.jo1 

Gb 

feet 
670.27 

875.62 

729.56 
6R8.49 

61.3.64 ' Sum (pp. 1-180) 3583.28 

KO. 01 O ~ M  ... . 3413 

Yearn ... 80.356 

3 ~ 7 ~ ' ~ 7  -- 
346 -- 

10'343 

frrt 
776.61 

719.43 

8q.a) 

786.15 

535.61 

fcrt 

770.85 
751.80 

579.76 

729.94 

5.59.76 

3592.11 
- p ~ ~ ~ ~ ~ ~ ~ ~ -  

350 
~ ~ p ~ ~ ~ ~ ~ . ~ -  

10.163 

7h 

feet 
7;9.6~ 

789.39 

784.60 

681.19 

623.08 

66y9'75 

351 - 

. fert 
785.56 

727.93 

758.56 

740.84 
611.05 

fret 
818 85 

684.25 

802.44 

i~8.93 

675.11 

3626.89 3619.5R 361.3.94 3607.90 3551.56 3577.58 3598.15 6640.21 3640.91 
- - -  

~~~~~~~~- 
feet 
717.80 

818.70 

708.49 

775.03 

577.88 

352 

feet 

773.79 

743.68 
804.32 

707.88 

593.98 

36r.3.65 

350 

10.35.3 

feet 

568.73 

754'54 
822.44 

7.36.85 

557.65 

363 

feet 

754.69 

751.85 
832.18 

695.14 
604.87 

3638.73 

353 

IO.BOB 

gh - 
. feet 
790.99 

789.51 

777.45 
783.00 

4 ~ . 9 6  

%+!3 1 a51 

pp-pp.p- 

feet 
790.87 
739.00 

826.31 

61~8.96 

sqR.03 

36o1.1; 

349 

IO.,~I') 

loh 
--- 

feet 
ib3.8' 

72.3'54 

795'34 
81z'i6 

4R3.21 -- 

1o.jpr 

l l b  

fret 
7 ~ 4 ' ~ ~  
689'66 

86s'i6 
7 ~ 7 ' 3 ~  

51''~~ 

10.~66 

346 

1o.r8j 

feet 

540.77 

144.66 
8t2.11 

725.36 

586.54 

3609.44 

348 

10.312 

3622.97 

350 

10.351 

pppp-pp--- 

10'279 

350 

feet 
772.47 

7.30'61 

795.82 

744.78 

579.28 

10.285 

352 

feet 
804.96 

713'40 
812.94 

:91'32 
561.87 

-- 

F r t  
8i2.35 

709'54 

774'b6 

778.57 

5j6's6 

ro.rrz 

a53 360 

10.121 10.312 10'40.3 



CEAP. VII.1 

PERIOD TIDES. 
Series L, N, A, and v.  

NUMERICAL HBRMONIC ANALYSIS OF THE TIDES. 

T 

j 

9 - 
W 
a 

2 , - 
m 

23h 

feet 
720.83 

804.00 

740'97 
728.20 

654.81 

3648.81 
~ 

357 

10'221 

23b 
-- 

feet 
843'62 

8j7.46 

859.94 

793.00 
722.63 

4010.1~ 
-- 

359 

11.170 

121n 

feet 
Roj.1.3 

72.5'28 
776.01 

782'39 

5 5 ~ 0 6  

3640.88 

- 
350 

10'403 

lZh 

18340';4 

1~~79'99 
18320'17 

18322.24 

15.393'46 

88656.60 

- 

18243.91 

18219.8; 

18493.30 
18210.jj 

1jq8R.jj 

21" 

feet 
726.90 

776.73 

781.j4 

713.15 

654'79 

365.3.11 

359 

10.176 

21h 
-- 

feet 
819'91 

796.40 
786.15 

805.31 
651.90 

19' 

feet 
715.41 

753.74 
805.67 

732.96 

6.34.50 
___--------- 

3652.28 

2 2h 

feet 
711.50 

786.00 

764.43 

722'45 
670.11 

3654.59 

358 ---- 
10.208 

22b 

feet 
8.34'91 
836.62 

841'37 
8zo'.31 

698.64 

. 

- - - 
349 344 352 351 352 346 347 351 352 

-----ppppp 

3861.01 

- 
359 

10,;jj 

13h 

,feet 
785.61 

764.05 

756.57 

787.15 

548.36 

3641.74 

20h 

feet 
726.65 

764.34 

792.94 

732.43 
6.70.24 

,3666.60 

lZ1' 

feet 
800.6~ 

74,;.78 

754.36 
770.82 

632.31 

3701.87, 

360 

lah 
-ppppp------ 

feet 
7j4.45 

738.09 

796.67 

745.10 
619.11 

3653.42 
~ ~ p ~ ~ ~ ~ - ~ ~ - -  

358 
--- 

10'230 10.271 
357 I 357 

14" 

feet 
810.02 

748.64 

752.91 

779.87 

619.54 

3710.98 

358 
- 

1 ti1# 

feet 
763.78 

742.33 

778.27 

777.60 

617.49 

.3679.47 

367 

13" 

feet 
796.45 

734.36 

749.89 

788.49 

613.85 

3683.04 

358 

lZh 

feet 
775.35 
850.38 

848.43 
8oz.o~ 

733.94 

.3653.05 
-- 

357 

10.233 

1 4h 

feet 
772.60 

76.3'26 
726.13 

787'51 
528.05 

3577'55 

10'205 

15h 

feet 
790.80 

748.56 

773.56 

783.29 
606.11 

3702.32 

358 

l T h  

feet 
766.14 

743.79 

798.17 

7.51'13 
615.29 

3674.52 

368 

15" 

feet 
701.39 

701.0.3 

755.48 

716.36 
615.20 

10.283 

13h 

feet 
ij6.44 
810.82 

833.50 

759.83 
700.42 

3487.46 
- 

358 

9,742 

15l' 

,feet 
783.82 

798'01 

717.66 

788.20 

539.74 

3627.43 
- 

351 

10'346 

10'342 

lBh 
--- 

feet 
712.26 

764.66 

195.99 
726.80 

653.34 

l G h  17' lah l g h  20h 

349 

lo'.394 

15h 

347 

10'310 

10,288 

feet 
704.93 

659'25 

729.70 

697.70 

575'45 

,3367.03 
- 

359 

9.379 

l(ih 

feet 
756.64 

779'57 

738.72 
771.88 

551.71 

3598.52 
- 

13h lQh 

10.307 10.366 

34.9 

;0',311 

ltih 

10.264 

feet 
703'75 
636.86 

709'59 

704.38 

545.14 

3 ~ 9 9 . 7 ~ 3 3 S . 3 ~ 1 1  
-- 

356 

9.269 

17h 

feet 
762,68 

774'97 

772'17 

750'72 

581.57 

3642.11 

352 

10'.347 

I i h  

feet 
731.39 
667.19 

693.46 

747'63 

543'44 

- 
368 

~~~~p~~~~~~~ 

9.450 

1 Bh - - ~ ~ ~ - ~ - ~ ~ ~ ~  
fret 
715'2.3 

780'37 

775.09 
725.21 

590'40 - - - - - ~ ~ ~ ~ - ~ ~  
3596.30 

--- 
349 

-----___P---~~ 

10.3oj 

Ish  

feet 
771.67 

709.45 

709.14 

774.14 
561'20 

3j25.60 
- 

359 

9'821 

19'' 

feet 
lbo.59 

794.90 

779.31 
723'00 

590.02 

35i7.82 

feet 
80.3'35 

750'90 

iv7.6i 

795'36 

j93.16 

343 

10.281 

lgh 

3670.44 
- 

366 

10.310 

20h 

feet 
697.14 
788.60 

769.78 

753.41 

572.95 

3581.88 

349 

10.26.3 

3859.67 
- 

356 

10.842 

Zl h 

feet 
723.64 
766.78 

767.43 
751.06 

556.94 

3565.85 

s “ p  Z l b  

349 

10.217 

4031.85 
- 

359 

11.231 

2Zh 

feet 
761.76 

739.39 

787.13 
783.80 

5.~1'93 

3604.01 

349 

10.32; 

4076.65 
- 

359 

11.356 

23h 

f ~ e t  
768.59 

724.67 

778.31 

765.56 

527.69 

3564.82 

349 

10.214 

88656.60 

18362.04 

18101.74 

18610.18 

18093.89 

13461.70 

86629.j5 

-- 

m 
W - 



TIDAL OBSERVATIONB. [CHAP. VII, 

FORMS FOR SHORT. 
B o M B A Y-Summations and Means of 

lh 2" Sb 6" 9'' 
--- 10h 11" _ _ _ -  - 

- -  _ _ _ -  
3662.43 3735'15 .3820'2j ,3Ri4.60 ,3919.08 3977.93 4004'94 40.13'34 4051.08 4057.42 40.3;.;3 4006.il - - _ _  

369 370 360 360 3iO 969 3iO 370 370 
-- -pppp-p 

369 369 
---- 

AIeona 

0" 3" 7 - I  

C 

S O  nf Obs ... 369 370 369 370 369 370 
---- -ppp- 

I - 

<. 

- 

Oh 

feet 
i80.48 

764.71 
i89 .18  

759.72 

756..35 

Sum (pp. 220-221) 

,, (pp. 222-223) 

., (pp.22C225) 

., (pp.22C-22;) 

,. ( p p . 2 S 2 2 R )  
. 

Zh 

feet 
iBj.o.3 

744.83 

7 9 6 1  

757.32 
742.16 

lb 

feet 
791.55 
758.18 

790.73 

757.68 

i44.88 

-- 

3787.69 -- 
370 -- 

10'237 

10" 

3h 

, feel 
i i 6 . 1 9  
750.08 

ifij.f.3 

738.03 

734.51 

3836'59 

368 

1 0 . 4 ~ ~  

I lh - 

, 

A 

1 = 

i 

Sllm(pp 220-229) 

So of Obs. ... 
- 
\Irsnm . 

Jb 

feel 
756.55 

75.3.14 

755.98 

754.25 

727.44 

.3850.54 

360 

,. (pp 23S2R:i) I 794.81 751.76 Roj.3; 752.80 797.38 543.69 776.69 756.27 749.,30 750.90 750.64 i6"4' , i18.84 9 3  ; a 9 6 0  779.67 153.65 788.98 767.05 7 7 6 3 9  782.09 ; ; I W  h 1 . i 6  i ioh4 ,, (pp. 23C235) 

1 Oh 

,, (pp 236-23;) 748.17 

,, (pp. W-s?) 1 ;,,8.82 

I Ueang ... 10.314 10.341 1 o . j ~  10.24b 10.188 10.316 10.134 10.26: 10.18.3 1 o . n ~ ~  

Sh 
~ ~ ~ ~ ~ p ~ ~ ~ ~ -  

feel 
739.51 

i i 4 . 8 5  

752.44 

781.9; 

754.02 

384.1'02 

31:s 

10.43j 

lh 

4 ;  

7757.3 

10.207 

Cb 

feet 
739.98 
803.07 

760.73 

19.3.89 

7.37.26 

3817.95 

370 

sum(pp.-239)i 3805.81 3 8 ~ 6 . ~ 0  3817.39 ,3817.68 3585.95 ,3820.50 3186.47 3798.64 3167.61 ~ 7 8 2 . 0 1  

------- 
NO. of ~ b e .  ... j 370 370 369 368 3 i O  350 370 370 370 

.ppp---- 

lo"'' 

10.4.3 

Zh 

781.64 

; ;4;0 

7b 

feet 
754.28 

771.19 

167.6; 
796.22 

730.49 

.<766..15 

3iO 

.1776.il -- 
3;" 

------------ 

I O . J I ~  

3h 

761 08 

7444.  

~ 7 7 5 ' ~ '  

3GB 

8" 

feel 
739.34 

759.95 

757.55 

787.52 
712.51 

3747.36 
~ ~ ~ ~ ~ - - ~ ~ -  

368 

I O . I ; ~ )  

4" 

763.36 
i50.88 

0" 

feqt 
i j o .07  

735.54 

770.07 
782.28 

7 . 3 1  

,3802.79 

3 i 0  

10.18.3 

5" 

564.6; 

I 

10" 

feet 
775.30 

733.69 

783.94 

749.69 

745'07 -- 
3834.93 

370 

11" - 
feel 

781.18 

736'75 

803.37 

748'59 
766'i0 

10.278 

tih ~ ~ ~ ~ ~ ~ - -  

762.95 
i62.09 

3820.45 

369 

10.,365 

I h  

782.60 

706.44 

3766.87 

368 

3759.18 

370 

10.354 

Bb 

746.14 

) S K ; ~  

9h 

10.236 

794.36 

io.3" 

10.160 

732.6' 

756.55 -- 
794"1 

i13 ' i i  



CHAP. VII.] NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

PERIOD TIDES. 
Series R, T, MS, and 2 SM. 

f w t  feet 
956.40 914.92 

670.45 610.56 

636.07 656.72 

780.80 830'13 

i88'51 779'34 

3832.23 3791'67 -- 
3i0 3G9 -- 

IO.,?~; 10,276 
10'4.7 1 10'39i -- 
10.392 1 10..?,3i 

feet 
778'27 
580'59, 

778'72 

888. 13 

690.64 

3716.35 

- 

2 
, 
t! 
2 

feet fc.4 
650.91 663.96 

;53';1 814.62 

922'4j 929'21 

799'6' 741'31 

j65.80 566'9.3 
~- -- 

.46g2.5.3 .zi~G.o.? 

31j0 3GS 

10.00i 10.01~8 
9-4.34 9.487 
9.0'1 9'993 

18164.87 

18112.19 

18514.64 

19zjz.12 

18044.68 

912~B.50 

feet fert 
;b1.z9 ;jo.;6 

86d.jj 887.62 

914'02 883.88 

687'48 65.3'13 

600.26 6.59.01 
-- 
3i67'60 #l.iq.~o 

23h 

feet 
717.19 
600.82 

590.03 

773.14 
916.78- 

3597.96 

369 

- -- . . 

feet fret 
792'18 Rog'21 

882.68 867'30 

841.93 796.7' 
653.86 656.28 

;z;'.~I ;9r98 

iR9i.96 392r49 

369 369 
~ - 

10.564 10.630 
~0'41.7 10-.<94 
,04')9 101"' 

feet 
798.51 

i~b.99 
818.r~ 

735'87 

798.98 - 
3888,s; 

369 

2Zh 

feet 
668.9a 

559.85 
613.21 

831.87 

678.34 
pppp 

355.3'19 

368 

feet feet 
806.78 I 798.63 

21h 

feet 
639.83 

554.03 

659.0~ 
867.76 

827.61 

3548.26 
pppp- 

369 

feet 
775'47 

737'84 

799'3' 
.O-' 
I 3 90 

787'74 

20h 

feet 
640.65 

~ 8 8 . 6 ~  

7r5.58 
866.86 

;.$;.I; 

35~8.88 

3C9 

f a t  feet 
i4j.8.3 740.42 

759'37 771'30 
788.61 76.3.24 

736.03 56.3'99 

770'67 757'5' -- 
3800'51 3;96'46 

~ ~ ~ ~ _ _ _ ~ ~ ~ - -  : 735.85 673.17 

734.97 653.54 

791.62 763.77 

753.21 824.17 

589.j.q 661.82 
-- 

3605.18 .3ji6.4i 

369 

fcrt 
72.;,86 

ilo'jj 

ij6.48 

790'44 

753'07 

fret 
696.37 

784'09 
722.48 

794'53 

699 - 69 

l G h  

feet 
8888.9 

857.45 

ij9.08 
606.03 

532.20 

366.3.25 

368 

l Z h  

t 
gzj.85 

8oq.o.i 

747.86 

714.63 

770.54 

3960.91 

370 

17h 

e t  
804.19 

815.32 

795.86 
672.81 

542.50 

36.30.68 

368 

14b 

feet 
976.31 

887.9j 
727.81 

583.60 

628.88 

3804'5j 

3G9 

13h 

feet 
967.47 
851.91 

730.60 

622.52 

iorz9 

3874.79 

369 

15" 

t 
947.28 
899.21 

153.44 
572.26 

561.5.3 
p _ _ _ p p p  

3733.72 
-ppppp 

3 611 



TIDAL OBSERVATIONS. 

FORMS FOR SHORT. 
B 0 B A Y-Summations and Means of 

I Oh 
- - -  3h 4" Sh I 

1: Su1n(p~ .2&241)  747.71 694.17 

,, (pp.242-2M) 753.59 728'67 

M @~.2*3f i )  771'66 787.10 

,* ( ~ ~ , 2 4 ( i - 2 4 7 )  7'5'25 709.21 

: ,, (pp.?&249) 712.43 769'90 
E 

3689.15 
' 

6 o . o f O b s .  ...I 370 -- 

7h 
-- 

8" ilt feet feet feet f e e t ' f e e t  

Urnno . I 9 9 9  9.839 6 6  9.65; 9.698 ylj8 9.865 10-02; 10.184 10.25s m.p8 
. . -. . - - - - - ~p 

lh 
-- lib -- 

3771.18 3j63.29 179.856 3846.1; .38ji'38 3874.00 3841.16 3b7'22 .3821.0) fl8021 17i042 

371 369 370 370 368 369 369 369 370 

Mrnns 

740.10 

731.56 

723.74 

7;4'00 

670.79 

3640.19 

369 

9h 

689.93 

743.32 

7j1.76 
714'11 

lja.24 

3650.36 

371 

- 

feet 
786.83 

728.62 

725.51 

777.74 
681.10 

3699.81 

369 

loh -- 
694.26 

746.48 

713.79 
715'11 

72761 

3597.26 

371 

ppp-F---- 

369 370 370 368 370 368 369 369 369 369 369 369 ---------- ...I lO'.19) ( 10'301 I0239 I0273 10,294 10'309 "'172 '0.358 ".'IS 10232 10"49 

-- 

l Ih  I 
frrf ,feet f e d  feet f p ~ t  f e ~ t  feel feet feet feet .feet .fret 

6 ~ m ( ~ ~ . 2 i & 2 i l )  7 3  7.39.16 71+.05 784.12 <08.~2 804.42 808..?1 804.3.3 ; ~ J , I Z  751.65 752.78 is.;0s 

,, (yp .ZiS273)  746.70 r.39.98 7 2 h 6 ~ 7 ' ~ 5 6  i46.m I 768.41 786.97 780.20 786.85 773'81 755'5' 

,. (pp.2i4-275) 8d.66 ;38.~j 780.79 781.47 737.80 732.60 734.46 716.08 747.26 764'39 768.96 797'i8 

,, (pp.W&2i7) 78j.3f1 797.35 772.13 759.62 757.78 748..1; ;,31.4a 757.51 741.6j 758.63 790.~1 80~'8s 

., (pp.278-279) 754.84 i75.43 769.80 7i9.09 774.44 767.05 736.57 711.53 698.41 694.30 689.37 
7°860 

/ --,-- 

i 

M ~ M  

llh 

IOL 
I feet 

Suol (pp .ZW261)  781.78 

feet 
800.63 

734.37 

770.91 

745.74 

706.3~ - - -  
3558.04 

368 

690.35 

732.84 

107.19 
718.09 

704.70 ----- 
3jj3.1; 

--___-ppp-pp 

368 

2h 

feet 
791.85 

lb 

feet 
788.51 

feet 
807.0~ 

716.8~ 

772.b0 

771.4~ 

;oj,o4 

3753.06 

368 --- 

i20.01 

732.41 

675.03 

748.25 

702.99 

3578.69 

369 ------- 

3h 

feet 
i94.1; 

feet 
7,,4.97 

741.07 
818.BI 

753.66 

734.50 

3833.01 

369 

i3z.ro 

jzj.03 
701.71 

757.39 
694.10 

3610.43 

370 

Jh 

feet 
802.45 

jh 

feet 
781.40 

I h  

feet 
778.84 

6h 
- -  

feet 
778.77 

Bb 

feet 
753.27 

gh 

feet 
736.84 

loh 

feet 
738'25 

l l h  

feel 
771.75 



CAAP. VII.] NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

PERIOD TIDES. 
Series 2N, M,N, N,K, and 2 M 2 K l .  

lZh 15" 20h 21h 2Zb 23h 
-- - 

-- 

lZL 

feet 
751.23 
700.96 

8jR.60 

i61.64 

641.45 

3733.88 

368 

10.146 

1zh' 

f e d  
jj5.63 
786.09 

i91'00 

746.31 

- 707'06 

3i86.09 

3G9 

10.260 

16" 

feet 
709.47 
Roo.17 

741.31 

i32.60 

850'2.3 

1518 

f ~ e t  
72.3.2.3 

837.64 

77j.60 
672.12 

785.06 

3793.65 

370 

10.253 

15" 

feet 
797.63 

779.76 

774'39 
762.19 

73.1'99 

13'' 

feet 
6 2 1  

726.46 

805.26 

701.25 

733.82 

lSh 

f ~ t  
$9.32 
781.15 

719'04 

737.77 

;g1.69 - 

.3iiR.97 
-- 

37 1 

10.186 

1 4" 

feet 
689.,39 

736.65 

84i.rq 
721.91 

754.99 

lzh 1 13'' 

lih 

feet 
707.52 

R R I . , ~ ~  

743.9; 

733.30 
784.20 

,3811.98 

- _ _ _  
369 

IO.,~.?I 

11'' 
- 

feet 
757.16 

i35'ji 

784'24 
802.8.3 

774.94 - 
.3854.74 

369 

10.446 

f 
7'28.04 

i62'i8 

794'O3 
'"'49 

i45.91 

384.3'25 - 
3fi9 

'0'415 

38,3,3.;8 

369 1 
10.390 

lcl' 
ppppp--- 

feet 
779.53 

765.55 

i54.66 

j66.54 

750.65 

3760.24 

368 
-ppp-----pp- 

IO.ZIR 

- 

3728.90 3750'2.3 f 369 

10.1oj 1o.191 

- _  
.fed 
746.40 

74.3'93 

795'31 

799'41 

755.41 -- 
3840.46 

388 

10.436 

lBh 

f ~ r t  
76.3'61 

821.0; 

68i'XS 

ijj.o.3 

813.57 - ~ - ~ ~ ~ ~ ~ - - - -  

lah  

feet 
771.53 
782.56 

812.56 

739.01 

706.32 

3857.39 

370 

l o . 4 ~ ~  

1Sh 

feet 
76.3'66 

759'25 

748'7~ 

7i4.35 

i94.48 
-- 

.3840.16 

---- 
369 

10.407 

.3850..36 

368 

10.46.3 

17" 

feel 
779'09 

729.05 

iBz".(.? 

7.57'39 

762.37 

3770.42 
-----___p 

370 

10,190 

 IS^ 

feet 
804.07 

766.05 

809.~5 

748.30 

729.72 

23h 

feet 
722.80 

768.59 
801.58 

i85.59 
718.29 

3i9i.15 

3GfJ 

10.318 

2Zh 

,feet 
734.90 
796.12 

798.15 
i66.30 

izi.80 

lgh 20" 21" 

10h 
___-___------ 

feet 
7.39'34 
8oB.oR 

742.40 
824.i0 

i27.10 

3849.96 

369 

10.431 

lGh 
___--- 

,fwt 
772.71 

7158.79 

7 

i47.43 
772.00 

3i84.31 

369 

10.256 

f e ~ t  
iiR.15 

i85.47 

i4.3'99 

i'9.36 
;22.89 

3863.17 
pp--p-p 

360 
~ - ~ ~ ~ - - - - ~ ~ ~  

10,469 

I ah 

, fret 
762.37 
718.63 

i32.82 

iRi'5.3 

i58.89 

3769.60 

369 

10.~16 

18382.8.3 

183j7.09 

18.389.49 

1838j.27 

17ii.3.82 

9~z88.5~ 

lib 

. feet 
i82.34 

767'io 

713.58 

747'90 

743.83 
-- 

3755.35 

368 
---___p___-___ppp 

10.205 

3749.86 

368 

10.190 

20h 

feet 
81i.79 
786.2; 

719'35 

772.5; 

738.31 

- - 

5 
m 
E 
% rn 

3925.95 

3G9 

10,.368 

, feet 
i60..31 

i92.32 

787.44 
i28.56 

696.75 
ppp 

3841.62 

3 ti8 

lo'4.3g 

ln1> 

feet 
7>2'.96 

i20.51 

i31.io 

iR4.99 

--- 780.36 

3795.05 

369 

1o.2Xj 

3790'3.3 

369 

1o.a;~ 

fret 
756.70 

ig8.4.3 

791'33 

i59.18 

710.39 

3765.38 
pp 

369 

10.204 

21h 

feet 
790.47 
690.16 

7;8.12 

841.55 

709.48 

38.34'29 

3iO 

10,363 

2oh - 
. feet 
iz+'.38 
722.85 

i64.66 

775.45 
i82.26 

.34.38.11 

369 

10.401 

3816.03 

3G9 

10.342 

3823.47 

370 

10.334 

3809.i8 

3G9 

I O . . ~ Z ~  

21h 

-- 

< 

2Zh 1 23h 1 

j8jl.g; 

370 

10.411 

18.340'74 
rR288'gr 

18574.29 

18324.52 
lii60.04 

feet 
821.84 

;r1.j2 

816.92 

i63.68 

647.33 

91288.jo 

: 
2 
(I) 

feet 
818.68 

661.34 

788.45 

804.j1 

693.33 

fert 
729.05 

i3.3.23 
iR4.22 

794.98 

75.3.5; 

2 
m 

91288.50 3771.49 
-- 

368 

1c.249 

2zh 

3766.31 

369 

10.207 

23h 

feet 
751.20 

i5.3.80 
i82.28 

804.28 

pp 

746.55 

feet 
iqg.j6 
782.11 

786.50 

787.02 

746.iR 

1R455.40 

181~2.jj 

183gg.jl 

17862.94 

! 



TIDAL OBSERVATIONS. 

FORMS F O R  SHOltT-PERIOD TIDES. 

Analysis of Series S. 

[ C ~ A P .  PII. 

1 Y11 I S  
N 

reverrcd H x Y l  I V - V  

--- -- - -- .-- 

8 9.4.1.~ 20 9.383 IR.RIR + '052 
9 10 .2$4  21 10.16ai 2 0 . j r ;  +.oRr) 1 2  +0 '127  12 -0.621 24 247'.301 

10 11'111) 22 1o.9Rs 22.104 +.I ,? . ,  
11 11'74.3 23 11.61.3 z.~..;;(B + , 130  B I  - ? ~ h  A ]  = =I -0 ,o; l8  * o =  10,304 

-- p~ 

.- 

XYI11 S I X  X I  S S I  S S T l  S X l l l  X S I \ '  1 S S Y  S S Y I  SSVII  
J1 First Sreond JI  31 

xv ~ l n l f  s I v  of ~ l n l f  s l y  of x x - x x I  n I x x x I I  n I x x x r 1  ' x x + x x I  
I ?, ,rLV X x X S V  Jl x SSV 

-- - -. - - 
+6 '489  o .ooo I + 6.489 o ,000 I + 6 , 4 8 9  41.347 
+.< ' i94 9: +2.89;  S, I 5 . 0 1 8  1 +5 .794  0 .COO 41'2.!0 

41'178 

4 1 . 1 8 3  
41'228 
41.245 

+C'.329 1 +0'.329 0 ,000 -1 -0'329 0 

- 2 ;  - + 4 I -4.46; o 
I 

+ . 0 6 4  
- '008 
- ' o6 ;  

0 2 + O O q +  12 - 0,006 
- 

- - - - 
B 4 =  -- -0.0054 - A,= +o.oo;81 - -8 1 2  +o '9 ;8  1 2  + 19'50.3 1 2  -0 .002  l a  -0.03.3 - 

BZ = +o.oS1; .Ie= + I .02:3 Ub= -0 .0002Ac= -0.0028 - -1 - ~ .  - -- . -. . .- - 

Analysis of Series M. 

I  I  I  V1 Y l l  Y l l I  I S  S I I  X l l l  XIV sv 
IVir~t Seonl?tl 

I + I I  n r ~ r ~  J I X V I  I V - V  
111 111 

-- -- - - - -- - - - - - - 

A ] =  -0.0,3,32 A,= -0.0bR4 -- 

K V  SSVII  

31 
H I S \ -  

--- 
- 

~ .- 
B,= -0.o;ol A , =  +o . ,o2 ;  - 

.- -- 

- -- - 

o 
S4 
s4 

,000 

- ,007 
- '058 

I 

RE 
-8, 

+ 'oh4 
- ,004 
+ '034 

I 82 '450 
i 82'448 
' Rn'qr.3 

o '000 I +R2.J30 
S, +71 '402 -S? -,1.22( 

-S4 -il ' ,381 -8: -41.211 



NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

FORMS FOR SHORT-PERIOD TIDES. 

Analysis of Series K. 

I  I  I  I l l  1Y VLI 1 s  X Y l l  X V I  

9 10.356 21 9.005 Z O ' Z S Q  +0.45,3 12 1 -12.193 

10 10.56; 23 9'50,; 1o00;2 + 1.062 
I1 lo'H14 23 9'184 19.998 + 1.6.30 B,= +o.l;qft d,= -0.24so 

I 
- - - -- 

Analysis of Series 0 .  Analysis of Series P. 

I I  I  \'I1 I S  V I  

J I r V I  I V - V  

1 2  -5'570 12 -2.895 
- 

B1= -0.4642 BI= -0'3.36.3 dl= -0.2413 

Analysis of Series MS. 

I 111 XI1 XITI XS SXI XXII XXIV 
First, l ~ n l f  Second l ~ a l f  F~rat  l1a11 Sccon<ll~nlf 

oE XIV XX-XXI M x XXII 
. - 

I, 

40.;01 f1 '00R 0 

- . . - -. 

10'3hg 18 10.371 ' 2 o . j j b  - -  
7 lo',i,;4 I!) lo.,qjg no.(~q,3 B ' - - +o.o461 & = +o.1258 -. - -- 

0 2 . 6  20 1o.15,q 20.3R9 
9 l 0 . l b 0  2 1  10.0;4 20.2,qj 

10 1o.a.:; 22 1 0 . 1 ; ~  2 0 - ~ ~ f ,  
1 1  l o ' ~ z 6  23. 1 0 . ~ 9 0  1 20.722 



TIDAL ORSERVATIONS. 

FORMS FOR SHORT-PERIOD TIDES. 

Analysis of Series L. Analysis of Series N. 

I 
N XVI XVII 

h - 

-- - 
" -6,473 12 +10.409 - - 

B:= -0.5394 A?= + 0.8674 - 
I 

Analysis of Series J. Analysis of Series Q. 

I VI VII IX 

J l r F l  IV-V 3IxIS MxVl IV-V MrlX 

- - - - - - - - - 
h 11 

0 10'251 I2 1 0 . , 3 ~ ~ - ~ 0 ~ 2  ... -.092 o .ooo -'o92 I - ,092 
1 10.241 13 10.,15; - . l 1 6  + . r z j  + '008 Sl + .oo2 -.24o S, - ,231 
2 1 0 ' 2 2 R  14 l o . , ~ ; ~  -.12.3 + . o 4 3  -.oflo Sl - ,040 -.166 8, - '144 
3 10.1;6 15 1 0 ~ , q 7 6 - ~ ~ ~ ~ - ~ 0 ~ ~ - ~ 2 9 4  S, - .zo$ - . ~ o f j  8, - ,075 
4 10.181 16 10.43; -.254 - .160 - . J I J  S4 - ,369 -.094 fi: - ,047 
6 10.215 17  lo .401 - ,186 - ,189 - .375 S, - . j 6 ?  + ,003 S, + .wl 
ti 10.240 1 8  l o . q o h - . ~ ; ;  ... - '157 I - ,157 - ' r57 0 'OW 

-- - 7 10.229 19 10.418 - . l a g  --- 
12 -0 '512 8 10.223 20 lo.,qR.~ -.160 

9 10.27.3 21 10. j6;  - ,094 
12 -1.124 12  -0'589 - 

B1= -0.06s; 
10 10.312 22 1o.z60 + '04.1 d l= -0'0491 * I 3  _0.013(1 11 10 .36 ,  23 10.241 f . 1 2 ~  - - -- 

Analysis of Series R. Analysis of Series T. 

I XlII ' SJ'11 I XVI XVlI 
31 M 

I+ half of 
111 111-XI11 MxSV NxST -- 

h l  
U 1 q . y R  ;2 110.h44 10.621 1 0 . 5 ~ 6  ! +.0;6 

h h 
'oa, I + ,076 0 1 0 . 6 ~ 0  12  10.,392 21.0,q2 20'107 + '925 0 '000 1 + 'ql.' 

1 ! lo  I,,; I3 ?ohoR 20.511 + '09; 1 :, + 0 4 9  S ,  + ,084 1 I ;  1 0 ,  I 2 0 2 1  + .705  S, + ',I;,, s4 
+ '611 

2 60.141 I4 10.1Ro ?0.621 20.;01 + ,121 S ,  + , 1 0 5  8 ,  + , 061  2 10.461, I 4  10.251 20.520 20.997 1.j2.3 S4 + . Z R O  Sl 
+ "" 

3 1 0 , 3 1 4 ~  IS l ~ o . d ;  20.599 l o . ~ o j  + ,096 I + . o lh  0 ,000 3 10.,341 15 I O . I Z ~ ; Z O . ~ ~ ;  20.hq.q -.1;6 1 - .1;6 O 

4 0 6 ;  I 9 1 5  o + s + 0 1  S - I 4 10.251 18 l o . o o ~ l z o . 2 ~ ~  2o.Rh1 -.602 S, - ' 5 "  -S1 + '.''I 
6 1,0';.19~ 17 g R l l  10.551 20.581 I b2 - . o lh  -:', + ,027 6 lo.lR.3 l i  9.9.3; 2 0 . 1 2 0  21'001 -.RBI S, 
G I O ' R I ; ,  I8 9 ;lq t o . j 4 h  - 6 l o . ~ R h  18 ~ ) . g z r z o ' l o ;  

I 7 1 0  ah,, 19 r).h41 l o . s ,  7 1 0 . 2 1 ~  19 9'993/20'211 
R l o  11 I ':,.I , Q - : ~ ) O  2 0 - 5 0 1  l 2  l2 l + 0 . 2 1 i  8 10,266 20 10.1.31 

Henna of 20.107 
n 1 0  932 21 lo.50,c 9 10.324 21 10.319 2o.fv.1 

- - 
1884 188b Bts -0.0421 d p = a O !  

10  l o . +  2.1 g.620 1 0 . ~ r 4  leWaod B2= + 0 ' e 2 1 0 A : =  = r O - o l g R  10 10.,161 22 10.499 ~0.5461 ======= - 
11 , 1 0 ' 8 ~ 5 1  23 9 '74 ;  I O . S R I  11 10.389 23 10.612 21.001 

I I / 



NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

FORMS FOR SHORT-PERIOD TIDES. 

Analysis of Series A. Analysis of Series v. 
- 

Analysis of Series p or 235s. Analysis of Series 2SM. 

Analysis of Series 2N. Analysis of Series M,N. 

I 111 

I + I I  

I1 

h 
O 
1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 

h 
12 
13 
1 4  

16 
17  
IS 
19 
20 
21 
22 
23 

10.458 
10.352 
10.219 
I O . I ; ? ~ ~  

10.168 
lo'r59 
lo .z l r  
10.335 
10.404 
10.418 
10.475 
10,420 

N 

- 

I 

S, 
S., 
o-  

-S? 
-S, 

- 

10.081 
1o.oj2 

lo.325 

10'49.3 
10.5.38 
10.481 

X V I I  

nr xv 

+ ..356 
- ,080 
- . 24 j  

'ooo 
+ ..?Hi 
+ ,504 

1 xv 

- z . l  o8 l z  + o . 9 z 2  
- - 

hI 

- 
' l n ~ ~ ~ c  

10.660 
10.43h20.844 

lo ' z4 .&20 .~ , ;6  

XVI  

11 ST 

o 
S2 
S, 
I 

S, 
S2 

111-XIII 
- 

+ . 3 j 6  
-.092 
- ' J ~ o  
-.6;8 
- ' I 7 3  
-.582 

l z  

10'35420.812 
1 0 . 2 1 0 ~ 0 . j 6 8  
I O . I , ~ ; Z O ' , ~ ~ J  

20.2.3; 
2o.zqo 

10.160zo. . i19 

I 

,000 

- ,046 
- .424 - .678 
- ,669 
- ,291 

- 
XVII 

31 x xv 

- ,030 
+ ,037 
+ .o87 

,000 
- ,086 - ,113 

X V I  

11 x xv 
- 

.ooo 
+ , 0 2 2  

+ . r s o  
+ ,166 
+ ,148 
+ ,065 
-- 

20.456 
20.660 
2 0 . 8 ~ ~  
zo.911 
21.013 
20.901 

2 0 ' r ) l  I 

21.013 
zo . r )o~  

h 
0 
1 
2 
3 
4 
5 
G 
7 
8 

31 

- 

o 
Sl 
8, 
r 
S, 
S. 

- 0 .  '05 

31 

- 
I 

S, 
S? 
o 

- S ?  
- S ,  

+0..;51 
B,= - 0 .  I..- ,,, &= +o.o768 .- - - 

1 0 . ~ 1 4  
10.341 
10..34+ 
10.346 
10.288 
10.326 
10.234 
l o  26i 
10.183 12 20 

-- 
h 
12 
13 
14 
15 
16 
17 
1 8  

n 
10 
11 

lo '33o2o'597 
20.508 

I + II 
- 

20.591 
10.29910.640 

20.681 
20.696 
2 0 . 6 8 ~  

10.36;20.693 
10.3R;?o.621 

10.32; 

lo.?;; 

10,,3.3; 
IO..~;O 
10..394 

10.222 
lo .2oi  
10.260 

- 
A:=-- 0.0088 - 

I2 

11"If of 
111 
- 

20.621 
zo.,;97 
20.joR 
20.j.30 
20.511 
20.563 

21 
29 

20.5,30 
2 0 . 5 1 1  

111-XIII 

- 
- . o ~ o  
+.04,3 
f . 1 7 3  +.  166 
I 

+ . I ~ o  

10.308 

- 

- 

Bz= + 0'0459 - - 
20.56.3 23 10.303 



TIDAL OBSERVATIONS. 

FORMS FOR SHORT-PERIOD TIDES. 

Analysis of Series M,K,. Analysis of Series 2M,K1. 

VALUES O F  V, + zc F O R  BOMBAY. 

1885, 1st January, 0". Lat. 18" 55' N., Long. 72' 50' E. (= 4'1.856). 

I V 
11 ~ n w r  TI x Iv ~.n,ver 

v 
llnll of 

1-11 I" revcrsed 
. - -. -- - - . - - ---- 

- ' o j ;  ... 
+.ODE 
- ' l o ,  
- '16, 
-'oo1) 
+ .044 ... 

7 l o . j ~ R  10 l o . ~ q o  + , 168 '  

A r c n e e  Long. Moon'# Xode for year beginning with 

oh,  1st J a n u n r j  18.95, Dele of m i d - ~ e n r  = 2-3 Ju ly  1 8 6  

Aurrliary Tables H = l;g. jj;. 

Extract f rom Allxi l inr~ Tshlcs. 

I - 1 8 . ~ o g ,  r = + o  la;, ( = +0'118. 

For K T l d r ~  v' = t o  or;, ar" = + o ' o j l .  

V I  

I V + T  

-'0.3; 
- . o j o  
- ' z+J  
-'lg:, 
+ ' l o r )  
+ '179 
+.084 

Average Long. IIoon's Ppriece for L Tido 
(round nulnbrra). 

( f r o m  br low)  p, = R:. 144 
motion in  184" 13qh = 20.;60 

8 10'27,; 20 10'216 + '059 
1 2  -0 .963 0 1o.1.a~ 21 1o.185 - '053 12 

cot 11 = + 6.205 
cot2 ) I  = + , ~ R . ~ O Z  

+co t?  41 = + 6 ,417  
- coa r P  = + o.Ri.3 - 

f cotP t I  - con z P  = + 7.290 - - 

-0.622 

computation of B and Q (round nnmbers). 

IX 

IV-V 
M M 

10 lo.zoR 22 10.401 - ' I o , ~  
B,= -0.oRo.3 11 10'249 23 10'411 - ' I 0 2  BI- - o , o g ~ R  .- 

colog [+ cot? kI - coa zP] = + r).lJjr; 
log sin z P  = -9'bB;ql 

VII 

B I x V I  

4 

X 

M~~~ 

0 ,000 - . O J ~  I - 
s1 - - 
1 - - . o , ;~  

'047 

- 
A,- -o.o?Q - - 

12 

- 
log tan B = -8,81518 

S, 

- 
-0'356 

for L Tide, B = 356'lij - - 
log tnn P = - 10.5846 

log t = 9.69897 - 
log tun Q = -0.2836:. 

for MI Tide, Q = 117'494 - -. - 

- .I,?R 

1885, 1st Jnnuary, oh. Menu Time at Greenwich 

' MX) 

1, b m  a Po 0 i' n , 
 PI^ T ~ r n r  s I  X r s n  Noon ) Monn'r rnrnn longitncle \ = 

19. 
Hansrn'r Tablrr  dr  l a  Znne, ) = 8,3.9,0 Extmct  from Anxilinry , 28o,& 

( 3m. t .  . t l m . ,  p, 11,) ) = ' 5  1 2 ' 3 7  ( i V n ~ l i c 0 1  . 4 1 ~ 1 1 m c )  ) p. ,300, r for  1893, dnn. o. ) Tables f i  - Z R I . I O S  
3 I R  . I . ; . Z O ~ I  = 103.,718 Motion in intcrvnl f rom)  = o . r l l  --- 
= lR';;.14.15 E u t  I a n ~ .  Correction = - 2.667 Jan .  o, or I dny. 

- - Constnnt = o '  1.36 A, - pl = 0'134 
= aR1.301 - 

E u l  L o g .  C o r n l i o n  = - o .  I Q ~  
ro 3 100 .61  

( =  0.118 Ram = 84.167 - - - Esst  Long. Correction = 0'02.3 
&. = 281 . l O j  

8" - t = loo's;,3 
. Motion per mcan EM' Long' . - 0'117 

i n ,  - I (  = 201.066 p, = 8.4. lqq Solnr Iiol~r. Correclloo - 
18, = 301'301 8. = loo~h. ; l  - . = rRo.o;6 = o".oq~0686 (-oC"99) 

aho = aoa.106 ,, = 0 ~ . ~ q q o 1 6 ~ )  ( -1 41';) 
80 - Po = 16.507 , = o ~ . o o 4 6 4 1 ~  (-0 'o'J) 

o 
-81 
- I  

+ .133 
,000 

- . 1 2 2  

- . o ~ 4  

-s, - + .118 
+ .OR; 
+ . o ~ 4  

- I  

-S3  

,094 
L .,,g - .060 

.,, 



NUMERICAL HARMONIC ANALYSIS OF THE TIDES. 

FORMS FOR SHORT-PERIOD TIDES. 

h, - v = 280.9;6 
-(.'a - t )  = 259.467 

5 nrl = 180.443 
( x  2) for 11' = 0.886 
( x  3) for = 181'929 
( x 4 ) f o r 1 1 1 =  1 . 7 ; ~  
( x 6 ) f o r h 1 6  = 2.658 
( x  8) for 11, = 3'544 

5 ns nbovo M, = 1 8 0 . 4 4 ~  
(8ee above) + & = I I j ,404 

- f* = 2 ;o~ooo  

21, - zoi .206 - 2"" = 39 - . 9 6 9 

for  El = 202.175 

for N = 344'359 
- 2h0 = 157'594 
+ 2.8, = 201',301 
+ m = lR0.000 

for  M, = & R R ~  
+ for  N = 344'359 

for  Y I N  = 345.265 

for  h = 16.3.475 

h, = 28P.103 
- v' = .zso-q83 - ** = 270'000 

for K, = 191.086 

for  M, = l . 886  
+ ( s o - p , )  = 16 . j07  

+ 21, = 202,206 - 2% = 158.698 

forM, = r0.771 - for K, = 168'914 

for MI = 207.937 for  zY,K, = 170,686 

f o r v  = 18..297 

5 G~srss.  

All zero. 

L Ssnrss. 

for Ma = o0.886 
+ (80 - P O )  = 16.507 

+ s = 180~000  
(see abose) - R = 3.825 

YSf as for 2SM = 3jG.114 
M,Kl Bssme. 

for 11, = i .886 
+ for  Kl  = 191.086 

farM,K, = 191.972 for L = 201.218 for 0 = 169.910 
n o - P I  = 0.134 

+ * = 180.000 

for R = 180.134 
?I, = 281 .IOf 

MB se for M., = for 0 = 16 ; .~ ro  - (60 - PO) = 343.493 for M, = i . 886  - ($0 - PO) = 343.493 
for  Q = 15.3.403 

for T,- (h, - p,) = 3590.866 

P SBRIES. 

for N = 344.,3;9 

J Ssnrss. 

5, - v = 2 ~ 0 . ~ ~ 6  - hn = 780.897 f o r N  = 344,579 + (so-p,) = 16-507 
+ (m = go.000 - (80 -PO) = 34.3'493 - tn = t j0 .000 

2SM us for - Ma = .q;;. I 14 
for P = 168.897 for zN = ~ 2 i . 8 7 ~  for J - 207.483 

EVALUATION O F  SHORT-PERIOD TIDES. 

ssnlss 9. 

% B I  = t8 '02531 Log B1 = +8'9r116 Log B, =-i.;3239 

Bmrss T. 

Log B, = -8.62428 

Log A2 = +9..36192 

Log B, = -6.30103 Log Bs = + ;r.z5jzf Log B, - +8.32221 

Log A, --7.44716 

L tnn n6 = + 8.85.387 

Log A, = - h.6g89; 

L t o n  rr, = -0.55630 

Log A, = + 8.29667 

L tnn 6 = +o.o255j  

S? = 48.684 

L h n  *I =-9.31098 L tan q = +8.7002,3 L t a n n ,  = -9.8qojo 

*I '168.435 rr, = z.R71 
- - 

'.325'.33S 
- -  

L tan (, = -9.26256 

(A,)' = 0 . ~ ~ 6 8 , q r q  (Ad2  = 2.6~160009 (A,)= =o.o0006084 
-- - - .. . - 

@( 2 - .  1) -0 ooz7g560 (Hz)? = 2.6481~234 (IT,), = o ~ o o o o ~ o o o  

HI '0.0529 H, -1.6273 H, =o.oou,j - --- 
(A,)? = o ~ o o o , 3 ~ . . o ~  

Augmenting Factwa.-For dl,  BI  . . I .ooz86, A,, B, . . I ,01152, A,, B, . . 1-02617, A,, B, . . 1.04710, 



TIDAL OBSERVATIONS. 

FORMS FOR SHORT-PERIOD TIDES. 

Log Bg = -8.64640 Log B, = -8.04572 Log Be = +7'9777* 

Log A, 9 -6.69897 Log A, = +9.01072 
-- 

L ton (, = -9.R35oo 

(I = 325.631 

L ton (, = - 1.27875 

(A,)= = 0.0046;856 (A,)? = o.010506~j 

(R3)? = 0.006641oj (RJ3 = 0.0154~026 

q = 0.0el5 R, = 0.1242 

(A,)? = o'oooo4225 

(n,)= = 0~00004801 

Aug'" = 0,0481 

Aug" & = 4.2264 

.- = ; 0.963s 

H, = 4.0721 

Eanrms 0. 

Log B, = -9.66671 

Log A, = -9.46300 

L tan t, = +o.zo.371 

(I = '37'9iO 

Vo + u = 169,910 

Log B1 = -8.84323 Log B, = -8'97174 Lop 8: - +9'25431 
Log A, = -9'38156 

Ltantl +0'14417 

Log Al = -8.62941 

L h n  (, = +o.n1.38a 

t = 1.3g.567 

Log A, = -0.00551 --- 
L k n  (, = +9.8.3;03 

(I = 114.494 

Log A, = -9'39620 -- 
L tan 1, = -9.85811 

(9  = 14i.197 

Aug'" = 0~0002 -- 

dug" R, = o.0819 
1 - = 1.9095 
f 

HI = 0.0991 



NUMERICAL HARMONIC ANALYSIS O F  THE TIDES. 

FORMS FOR SHORT-PERIOD TIDES. 

SBnrxs L. 

Log D, = +8'65801 

Log A, = -8.04922 

Log U, = -9.73191 

Log A, = +g.g,3Rzz 

Ltnn (2 = -9.79369 

6 - 328.124 

Log A, = +8..34242 

L ton (, = -0 .8~875 

Log A, = +8,;?5og 

L ton t = -o.g9;94 L tun (, = -B.q;,388 

( -  - .  - 3>4 621 

Aug'" = o.oooo 

dug'" R, = o.oo,qR 

- = 0'9h.15 

H, = 0~00, I i  

Esnrns 29M. 

Log U, = +R.66181 

SBEIES MS. 

Log B, = +8,66,370 

Lag A, = t 9.09968 

L ton C4 = +9.56402 
-- 

(, = 2i.126 

Vo t u = 0.886 

I 4  = 2 1 ' 0 1 2  

-- - 

(B,), = 0~00212521 

(A,)' = 0.01sRzg64 

E B ~ I B B  M,N. 

Log El4 = -9'10483 

Log A, - -8.611jn 

LInn (, = +0.49.311 

S ~ n r s s  2B1,R1. 

Log B, = -8.71433 

Log A, = -8'47276 

Ltanc ,  = + 0 . 2 ~ 1 j 7  

(, = Z + O . I  jz 

Vo t u = 170.686 

S s n ~ a s  M,K1. 

Log B, = -8 .9047~ 

Log A, = +8.64147 

L Inn (, = -0.26.325 

(, = 298'610 

VO t u = 1r)r.gjr 

II, = 1.qo.jn2 

(LI,), = 0.01620jz9 

(A,)' = o~oo16;2R1 (A,)" o 0 ' o o o 8 8 ~ o ~  



TIDAL OBSERVATIONS. [ C ~ A P .  PI]. 

I 

P : : : : J ' o  '0- m t .- . . . . . . . . . . . . .  . .  I . .  ? . .  r r .  = ? ? . . r  



S(a-b) x AIult. = + 5.19 Z(a-b) I: Bfult. - - 0.69 Idh  sill (a-m) t = ( n - b )  x Mult .  = + 4'jo 
NOTE.-Tllo orromp s l ~ o n  llro direction of Lllc scqllencc of t h o  cntric.r of dh in t h e  colonlns in w l ~ i c l ~  points a r c  insr~- l@,l ,  t l lc r n l ~ ~ c r  b o i ~ ~ g  ontercd ilnrlor l l ~ c i r  propor  aipns-8.g., 

in the n n t  row (nlni.ked 7 lu b) w i ~ L  nrruw \.I,OIII riKllL LO I&. t h e  ent ry  (irrespectire of sign) for  dng 0 is l o  be  entered  in coltm~n 0, (or tl,r). 1 in  rolunrn .2 ,  f o r  d:rv .) i n  colulnn .& 
ond so on. Af lcr  fil l ing in 1110 first two r o r s  o f  t l ~ o  Ilppcr Ilnlf, tho  first two ran.$ of lllu lowcr Ilalf a r c  t o  be  f i l l r~ l ,  n 1 ~ 1  SO 011 n I t c ~ . n ~ ~ l r l y ,  1110 i l l l ~ r ~ ~ : ~ t i o ~ >  uf L ' I ~ I ; ~  h o i n ~  indica ted  
by tl10 c l ~ r r r i l  arrowa. III t l ~ o  spnces containing dol~l>lu  point3 two succc:sire c ~ l t r i c s  nrc t o  be filled i n - t l ~ a  first o l ~ l r y  nburc ,  l l ~ e  s c c o ~ l d  below ; r . g . ,  in TO- 7 10 0. C U I I I I I ~ I I  1.0, t h e r e  

do1lblo ~ ) , ~ i t l l s ,  nlld tllo e n h ~  of dh for  d l l j  (i is Lo bu uladc nbovo the lino ; u d  t o  loll o r  r i g l ~ l .  nccording ns i t  ig + o r  -, nnd for  dny 7 i l  ia t o  hr ~rlnde  b c l o n  1110 line, find l o  l e f t  or 
r i g h t  u c c u r d i ~ ~ g  a s  i l  i j  + or -. 

1 8  

- 5 3  . 

.lo . 
'30 

'61 

.5B 

'07 . 
-25 

.OZ ' 

' 46 

0.37 2'1.7 
-.<-2 

-1.16 

+I'-l7 

+0'59 

- .  

.oo 

'23 

. '37 

.22 

'29 . 
'12 . 

'31 

'lb . 

.lo 

.56 

a -36 

'07 . 

1 7  . 
I f  ' 

'30 . 
'.7j 

2"38 1.40 
&- -2 

+oa98 

-0.92 

+ '  
-0e46 

'02 

'35 . 

'27 

'19 - 
'27 

.OZ 

-46 . 
'34 . 

'01 

'45 s 

* ' '5 

'05 

-06 

'64 

'32 ' 

. '33 

2.38 1.651 

-+ 

---r 

-+ 

-+ 

-+ 

- 

--t 

-+ 

---t 

- 
-+ 

-+ 

-+ 

'07 

'09 . 

'20 - 
.OI 

'13 

I t  * 

'08 

'31 - 

'42 

'21 - 

'20 . 
'52 

I 0 2  

+0.32 

' '34 

'28 

2 4  

'se . 

.OO . 
'51 

-41 

.SO 

'16 . 
r g  

'07 

'15 

'13 . 
.58 

1.24 2.86 

'12 

9 : 
'39 . .24 

'07 

. '5.1 

'02 . 
-10 . . 'IZ 

'29 

'09 ' 

. '45 

'92 

1 ' 

. '17 

' 'I; 

'lo . 
'47 

'14 ' 

'03 ' 

. '22 

.rG 

.16 

so6 

'09 

. '09 

' .68 

'14 ' 
. . 

'07 

4.36 ,q.(ig 
L -.r- d 

+0';3 

+o'zz 

+0'20 

- .  

'46 

'02 

'00 

' 03 

.58 

'59 

'09 ' 

'17 ' 

'21 . 
.I1 ' 

0.69 1.68 
L--,-> 

-0'99 

.08 

-20 

'55 . 
.a6 . 

'0.3 ' 

'04 . 

.02 ' 

'a7 - 

1 8  - 
'oj 

' 10 

"5 

1.25 0.68 
-,-2 

+0'57 

+o.og 

+O'OI 

- .  

' '21 

- I j 

' '34 

' '05 

"13 ' 

' '53 

'67 . 
'77 ' 

' " 9 

'36 

'04 

'40 ' 

'lo . 
'16 . 
' .28 

'05 

'04 . 

'19 

2.27 2.39 
+<-> 

-0'12 

-0.19 

+ .  
-0.15 

2010 14 

21- 27 

48- 42 

49- 55 

7& 69 

77- 82 

103- 97 

101-110 

131-125 

132-137 

158-153 

1 - 1 6  

186--180 

187-102 

213-207 

21G220 

2.h1-235 

212-247 

268-262 

269-275 

206290 

287-303 

32&-317 

325-330 

351-345 

352-358 

T o t a l  b 

a-b 

fn-b)xUult.  

' 0 7  . 

.26 . 

. '42 
'35 . "15 

: '.76 
' 28 

. -11 

. '34 

. '41 

:02 ' 
.lo 

. '28 

1.;8 ' 

1.93 ' 

. 1 s  
.26 

'14 

- 1 1  . 
a 2 0  - 
"3 ' 
'09 ' 

.18 m 

-24 

. ~ 1 8  

.05 * 

: ..I9 
.58 

* .Be 

. '23 

. "19 

4.85 5.9; 
-.<-2 

-1.12 

+3'34 

L -.<- > 
+0'1.7 

+0.25 

+0'18 

- .  

- 

.29 

'0.3 

- 

'05 

- 

- 

- 

- 

" 

-16 
- 

- 

' 33 - 

L--> 

-1.62 

+ 1'33 

+o'80 

_ .  
+o'rg 

+e'o7 

- .  

t 
1 

C- J 
-+-I 

'-1 
'7 
-1 
-1 
-1 
'-1 
-1 
+-I 
--I 

-0.38 

+ '  
-0.08 



TIDAL OBSERVATION9. [ C ~ A P .  VII. 

I I -- 

I 
- . .  7 . . OD . . . . 9 . . F . . 

4 

t C) .D 

+ CL 2 2 ." . . - . . . . . ? ? .  

V) - T h - m I .  - n . . : . . . ? . . 
N * ,- z OD ." + .  . . . . . . . . ? .  

-- 
N - '0- 0 m 7 

C) 

? 

pp 

L3 

? 

h 

? 

C) 

I 

+ 
-- 

I .  

+ ?  

I 

+ 

I .  

+ '  

I 

+ 
-- 

I 

+ .  
-- 

I 

+ 

, 
? 
4 

. . . - . . . . . . ? .  

0 ") C) C) f 8. 
C 1 *  

h ." w . . . . . . d ?  . . . ? 'E: - 

- - 
L 

0 

3 a 

+ 

> k 

.n n  . n O  t " + W  h f "  m 3; '0  o ? -) e n -  p p .  . . .  ? ? . ? :  . ? ? ?  : .  . . . . . . . . . . . . . . . . .  

h n CL V) h 

? 7 n  - % Ol m h . . . . ? ? ? 

'J + 
- 2 C) . . . . ? .  . . 

m 10 

- *  . .  '0- m . . . . . . . . . . %D . . 

f a -  c. "-8 
h 
h 0, ? ?  . .  % 10 a d. . . . . . . . ?  . n 

J " a, 10 N m a  
0 - L O - .  

4 
.e 

h 
m 

10 1" . . . . . . ? ? . . . .  
m 

01 7 . . m . . 'E: . . . . . . . . . .  
I 

m n  n  A ." 
0 0 

-t "I - 7 . . . . .  ? .  . . . ? .  " . ?  

.a F F ,  x a ." - n h - ? .  . . ? .  . . .  . . .  
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FORMS FOR LONG-PERIOD TIDES. 

hwdh r sin 2at = -2'47 = + 4,296 
-2",; ' + '09 
- 2 . ~ 6  = 181.8rD 

t t b l d h  r sin 2( r -q ) t  = -9'64 = + 5.048 
-9.64 = +  ' 1 1  

-<).;I = IRI.RID' 
-0,053= L)' 

LUNAB F O ~ T N I ~ U T L Y  hlf. 

Log D = -8,14613 

LogC - -S'69897 

L tnn 6, = +9.44716 

(I = 19.5'641 

MoLion lor l l th= 12.627 

( - 208.269 

V o  + r - 201,066 

" - 49'335 

Da - 0~000196 

C" oo.oo2~oo 

LUNI.BOLA~~ FOBTN~QUTLY Msf. 

Log D' = -8'72428 

Log C' = -8.07918 

L tnn 6 = c0.64510 

t = 257.243 

Motion lor l l t h =  11  '68.3 

SOLAR ANNUAL SD. 

Log B 5 + 7'30103 

Log E = - 8 . 6 ~ 3 3 5  

Ton (, = -8.6- 1778 

t = 17iP2i4 

Motion for I l k h =  o.+jz 

t = 177.746 

Po + u = 281.103 

SOLAB SEMI.ANNL?~L Sss. 

L o g H  = +8.11394 

LogG = +8.60206 

T a n 6  = + g . j 1 1 8 8  

6 = 18'004 

Motion for llt" ~~~~j 

Log B = +8.27R75 

Log A = + R . g ~ z j a  

L ton 51 = + 9'9.3633 

61 = 40.815 

Motion fo r  11)" 6 6. 

(C')' = 0~000144 

Bum - R" 0'002953 

- ; = 0.964 

E[ = o , o j r  

0' 3 0~001600 -- 
Sum - RP = 0 . 0 0 ~  j69 

- - 
B = H 0 0.042 

Bum Bum - R' - o.o01;68 
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TABLE XI1.-Constants for Long-Period Tide Computations. 

Motion of 0, M, and N for certain periods. 

NoTE.-Fo~ 0 i t  would be necessary to  add 334O.632854, or  sub- 
tract 25O.367146 for each day's movement. This would only admit 
of ~ 5 ~ - 3 6 7 1  being used in a 6-figure Arithmometer. Adopting this 
plan, it is obvious that each daily position mould be 0°~oooo46 too 
great, and i t  mill be necessary to make an adjustment on this account. 
The position required is t o  be correct to three places of decimals of a 
degree. 

{.00046 in 10 days and as .0005 Thus, -000046 would amount to .00052 in I I days 1 
would affect the third place of decimals, the correction mould he 
applied after 11 days' motion by subtracting .oar from the third place 
of decimals shown in the Arithmometer. Similarly, after 33 days' 
motion moor would again have to be subtracted, and so on. The cor- 
rections wili therefore be -001 aEter 11 days' motion, i.e. on I 2th day, 
reckoning the starting day; after 33 days, or on 34th day; and after 
552 77, 98, '20, 14% 164, 185, 207, 2291 2501 272, 294, 316, 337, 
359 days' motion. 

For M sin~ilarly 335O.618501 has to be added, or z4°.381499 to  be 
subtracted, i .e.  for the 6-figure Arithmometer 24O.3815 is subtracted. 
This would be .OOOOOI too much to be subtracted daily, or  in 365 days 
i t  would amount to .000365, which mill not affect the third place of 
decimals. No correction is therefore required. 

For N, 3zz0.5535~o has to be added, or 37O.446490 to be subtracted. 
Thus 37O.4465 would be fixed in the Arithmometer. This would be 
.oooor too much to subtract daily, and the correction on this account 
would be arrived a t  by adding so01 after 50 days' motion, i . e .  on ~ 1 s t  
day, reckoning the starting day; and nfter 150, 250, and 350 days' 
motion, i .e. on r g ~ s t ,  z51st, and 351st day. 

Per~od. Motion of l o t ~ o n  of Motion of 
M. N. 

TABLE XI1I.-Natural NumLers to tliree places of Decimals cor- 
responding to Logarithms wit11 Indices 6, 7, and 8. 

Subtractive in using a 
6-figure Arithmometer. 
See note below. 

Logarithms with Index 6 or 

Natural Natural No. 
to  3 places Logarithm8 I I of Decimals I ( 

Logarithms with Index 7 or 5 
-- .- 

Nut. No. Nnt. No. Nat. No. 
Nat. Lo 3 places ?:a- Nat. to 3 places L o p -  I Nnt. to 3 places Loga- 
NO. of ~ e c i -  n t h m s  No. of ~ e c i -  r ~ l h m s  I No. of Ueci- 11111119 

male mnls mnls ------ --- 
.a010 'ooooooo '0045 .65.4212j '0085 .oo9 '9294189 '0°' '1i6091.3 '0055 '740362; '0095 .ole .9777236 : , 0 0 2  '39i940c '006j ,8129134 .0099 '9999999 
'0035  

'Oo3 .54406St .oo;5 : .8750613 
. o o j j  

'Oo4 .65,3212; ,0085 '9294189 

Logarithms with Index 8 or 27 
* * m - - - - 

m m m m 
0 .E 
C) U 

0 .E - U 
0 .s 
r O 

o .E 
C)  u 

Nat. 66 Loga- Nat. 6 4 L o p -  Nat. d 6 Loga- Nat. d 6 Logs- 
No. 2; rithms No. z 3 rithms No. ;I rithms No. 2 L, rithms 

u ' m  
a 0 

r; m u' m a rn ' 8 8 a w 

2 2 22 z " 3 
Q n e a 

I I I I I I I I 



T A B L E  XIV.-Vslnes of N (Longitndc of Moou's Asccnding Node) 
for 0 hour areenrich Meau Time, Jauunry 1. 

Valu. on 0 hour 0. M. T.. J u n u a r ~  I d ,  1880 - 185"'936863. 
Motion par Julran Jear i n  l8HU - 1r)'..3.11462@. 
Yut~un fur Bti6 d a ~ a  - 1$.31822~87 and for I day - 0°.0jz95q. 

TABLE XV.-Showing the Decrement of N (Longitude of Moon'a 
Ascending Node) since 0 hour January 1 up to Midnight of each Day 
throughout the Year. 

Daily Motion - 00.0529541. 
In Lsep Y e m  lor dl datea after E'obruary ?&March 1, use a mean value betweon the 

particular day and the day following. 

TABLE XV.-Showing the Decrement of N (Longitude of Moon'r 
Ascentliug Node) aince 0 hour January 1 up to Blihight of each Day 
throughout the Year-(Continued) . 

Daily Motion - 0".0529541. 
I n  Leap Year8 for ell clates otter Fcbrunry 2S-March 1, rue a meen valw between the 

N.B.-In Tnble YV. The middle O F  the year of obnemotions will occur at noon or 
midnight according as the 23th Februnry is included in the period of obaemations or not. 
I1 the midnight fall8 on a dote in a common yenr, or before the 29th Februarg in a leap 
year, then tho Decrement for N aa given in the Table i s  correct: i f ,  hoaevor, the "ridnight 
fall. oftor the 29th Februnrp in a leap year. then tako the rslue n. thmt given for  the 
-ee.dimg date in t h o  Tnblr. 

I f  LIB. noom fmU. In m oommom yeor or before the 20th s o b r u ~ r y  i g  u lovy sour. UI. 

Decre. I 
I 2.0917. 

z'1446i 
2.1376. 
2.2505 
z.30.3~' 
2'3-6- 
z..+&d 
z . j6z4  
z.51j3; 
2 .  j683 

1 

smlues for Lho two midnights irn,t,ediafely followitng is (o be taken. 

LLe 

Date --- 
AUO. 
- 2- 3 

J- 4 
4. 5 
j- 6 
6. 7 
7- 
8 -  9 
9-10 

1 0 - 1 1  

I 1 - 1 2  

12-1.3 
13-14 
14-I:, 
15-16 
16.1; 
17-18 
18-19 
19-20 
20.21 
21-22 
22-2.3 
23-24 
24-25 
25-26 
26-2; 
27-28 
28-29 
29-30 
30.31 
31-32 
SBPT. 

1- 2 

2- 3 
3- 4 
4- j 

j- 6 
6- 7 
7- 8 
8- 9 
9-10 

10-11 
11-12 
12-13 
13-14 
14-15 
~ j - 1 6  
16-1 7 
17-18 

19-20 
20-21 
21-22 
22-2.3 

between 
Febmory 

Dale -~ 
b l ~ u .  

I -  

2- 

1- 
4- 
j- 
6. 
7- 8 
8 -  g 

zo.11 

14-1,; 

16-17 
17-18 

20.21 

22-23 

24-2; 

30.31 
31-32 
APE. 

I- 

2- 

3- 
4- 
j- 6 
6- 7 
7- 8 
8- 9 
9-10 

10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
1 6 . ~ -  , 
17-18 
18-19 
q . 2 0  
20.21 
21-22 

rnlue 
ni~ ln t s :  

- - - - - 

Decre. . 
1.61j1 

1.6681 
1'7210 
1.7740 
1 . 8 ~ 6 9  
1.8799 
1.9328 
1.9858 
2.0387 

Date 

JAX. 
I -  
i- 

3- 
4- 
5- 
6- 
7- 
8- 

10-11 

day folluwiog. 

Decre. 

. 
11.3057 
11.358; 
11.4116 
11'4646 
1 1 . j 1 7 j  

811.57oi 
I 1.623; 
11.6764 
11.7293 
11.7825 
11.8.i.i~ 
11.8882 
lr .g4ll  
11.9041 
12.0471 
I Z ' I O O O  

12.1 5.30 
1z.2059 
lz'zg89 
I Z . ~ I I ~  

1z..364R 
12.4177 
12'4;07 
12.5236 
11.5766 
12.6296 
12.6825 
12.73;j 
12'7884 
1z.8414 

12.8943 
1z.g4;3 
1.3'oooz 
13.05.32 
13.1061 
13.1j91 
1 3 . 2 1 2 ~  
13.26jc 
1.3.3180 
13.3709 
13.42.39 
13.4768 
13'5298 
13.5827 
13'6.35; 
16.6886 
13.7416 

18-19!.3.7q~j 
13.847: 
13.9005 
13'gj.?4 
14.0064 

the 
in a 

Date 

u .  
19-20 
20-21 

21 -22  

'"23 
i3.24 
24-25 
25-26 
26-17 
27-28 
28-29 

. . -- 

Decre. 

1.08j6 
1.138j 
1.1g1j 
1.2444 
I 
1.3jo.1 
1.40.33 
1.4j62 
1.j092 
1.5621 

lonp 

2- 3 
3- 4 
4- .i 
5- 6 
6- 7 
7- 
8- g 
9-10 

10-11 
1 1 . 1 ~  
12.13 
13-14 
14.1; 
aj-16 
16-17 
17-18 
18.19 
19.20 
20-21 
Z I - Z Z  

21-23 
23-24 
24-23 
25-26 
26-27 
27.28 
28-29 
29.30 
30-31 
31-32 
NOT. 
1- 2 

2- 3 
j- 4 
4. 5 
5- 6 
6- 7 
7- 
8- 

- 

Decre. 

2.6212 
2.6742 
2.7271 
2'7801 
283.30 
2.8860 
2,9390 
2.9919 
3.0449 
3.0978 

- ... - 

Date 

JAN. 
31.32 
FBB. 

I. 2 

2- 3 
3- 4 
4- 5 
j- 6 
6- 7 
7. 8 
8- g 

day and 

Dccre. 

. 
8,6050 
8.6580 
8.7100 
8.7639 
8.8169 
8.8698 
8.9228 
8.9757 
g . 0 2 ~ ;  
9.0816 
9.1346 
9.1875 
9.24oj 
9.29.34 
9.3464 
9.3994 
g.45z.i 
g.jos.3 
g.jj82 

9.6112 
9.6641 
9'7171 
9.7700 
9.8230 
9.8759 
9'9289 
9.9818 

10.0348 
10.0878 
10'140; 
10.1937 
10.2466 
10.2996 
10'3j2s 
10.4055 
10.4584 
lo.j l14 
10.5643 
10.6173 
10.6701 
10.7z.32 
10.7762 
10'8291 
10.8821 
10.g.zj0 
10.9880 
11.0409 
11.09.41) 
11.1468 
11.1998 

11.252; 

the mean 
the 29th 

Uecra. 

. 
23.1508 
3.3.10.37 
~ ~ ' 2 5 6 7  
jj..qog6 
6.3.3616 
7.3.4155 

3,4685 
3.5114 

g.103.j74.1 
3'6274 

11-1~3.610: 
12.133';.333 
,13-143,7862 

3.8392 
1j.16.3.8921 

~ ' 9 4 5 1  
3.9980 

18-11~4.ojro 
I ~ - z o ~ . I o . ~ ' )  

4.1.;69 
z1-zz4.zogg 

4.2628 
13-244'31j8 

4.368; 
~ ~ . ~ 6 ~ . i 2 1 ~  
26-274'4746 
17-284.5276 
z8-zg4.j805 
29-304'6.3.35 

4'6864 
4.7394 

24.7923 
34'845.3 
44.898.1 
j 4 . 9 j 1 2  

5 . 0 0 ~ 2  
j -o j71  
j.1101 
j.16.30 
j-2160 
5.2689 
j.3219 
j..z:4R 
3.4278 
5.4807 
5.593; , -.- ,867 
5.6.396 
j.6926 
j .74.i~ 
j.7985 
5'8j14 

to be 
but if 

-- - 

Date 

E'xn. 
9-10 

10-11 

1 1 . 1 2  

12.13 
13-14 
14-15 
I 5-16 
16-17 
17-18 
18-19 

Deors. 

, 
20.0265 
30.0794 
~ o . 1 . 3 ~ 4  
j0'18j.3 
6 0 . 8  
70'29Iz 
8 0 3 ~ 2  
90.31)72 

9-100'4j01 
o. 50.11 

14.5.359 
14.j889 
14.6418 
14.6948, 
14.74771 

814'800;i 
14.85.36: 
14.9066; 
1 4 . ~ j ~ j l  
1 j . ~ ~ ~ 5  
I 5.0614 
15.1184 
lj'171.3 
1~.2143 '  
1 5 . 2 ~ ~ ~ 1  
1j..q3oz 
15.3832' 
15.~.3611 
1j.48g1, 
1j.5420, 
15.59jol 
15.6479 
~ ~ . ~ o o ~  
r j ' l j 3 8  
1~.80681 
1j.85981 

- - - 

Decre. I' Date 

Uote 

APU. 
tz.z.3 
23.24 

26.2; 

MAY 
I -  

2- 

3- 
5 

j- 
6-  
7- 8 
8- 

10-1 I 
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C H A P T E R  V I I I .  

TIDAL PItEDICTION. 

lZavmo.nic Tidc-pred~ctigtg Machine. 

The harmollic tidc-predicting machine is an it~strument designed for the purpose of doing away 
with the great mass of computations which would bc necessary to obtain the heights and times of higb 
and ~ Q I V  waters for each day in  the  year as published in the Tide-tables fop. the Itzdinn. P O T ~ S .  Tlie 

llright of thc tide a t  any instant being the SLW of the ordinates of a considerable number of hnrmonic 
curves rcprescnting the various simplc tides, i t  would be necessary to compute each of these ordinates 
for several hours each day about the times of high and low waters and add the results together: t h e  
machine makcs the computations and the addition automatically and exhibits thc result in  the form of a 
curve from which the heights and times can a t  oncc be read off. 

The machine under consideration was constructed for the Government of India for the prediction 
the tides of India and tile adjacent coasts, but owing to tllc delicacy of its mecl~anism i t  was deemed 

dvisable not to cxpose i t  to tile risks of transit to India, and it was therefore erccted s t  the observatory 
India Storcs Dcpartmcnt, London. 

l1he tidal constants or componctnt\ uscd on the machine are those dcterminecl in the Office of t h e  
Tidal and Levelling Party a t  Poona from tile rcrolrls obtained from automatic self-registering tide-snuges 
In operation at  tllc tliKcarcnt ports. Tllesc, constants are regularly tmnsmittcd to Mr. Roberts under 
'llosc direction the tidal prcdiotions col~tained in the tide-tables arc produced. 
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I n  the original design of 1879, the number of tidal components combined by the machine na 
twenty, via. :- 

Numbered on Machine, 
The mean lunar semi-diurnal tide, M, ... ... ... 1 
The mean solar semi-diurnal tide, 5, ... ..a ..a 2 
Two lunar elliptic semi-diurnal tides, N and L .. ... 6 and 10 

Two lunar " evectional " scmi-diurnal tides, v and A ... ... 9 , , 1 1  

One lunar " variational" semi-diurnal tide, p ... ... ... 8 
One lunar declinational diurnal tide, 0 ... ... ... 4 
One solar declinational diurnal tide, P ... ... 

-.a 6 

... One luni-solar declinational diurnal tide, K, ... ... 3 
One luni-solar declinational semi-diurnal tide, K, ... ... 7 

Two lunar declinational elliptic diurnal tides, J and Q ... ... IS and 12 

One compound luni-solar quarter-diurnal tide, MS ... ... 14 

One compound luni-solar semi-diurnal tide, 2SM ... ... 16 

One mean solar diurnal tide, S, ... ... ... ... 20 

... Two mean lunar " over-tides" of the semi-diurnal tide, M, and M, 18 and 19 

One solar annual clliptic tide, 7,1 or S s  ... ... ... 16 

o n e  solar semi-annual declinational tide, 27 or SSD ... ... 1 7  

I n  the spring of 1891 one new semi-diurnal and three new " compound" components mere added 
to the machine and the larger solar elliptic semi-diurnal component (T) substituted in the place of 
smaller " evectional" semi-diurnal tide (A) which is of small value. 

The new components are as follow :- 
Numbered on Machine. 

One second-order lunar elliptic semi-diurnal tide, 2N ... ... 21 

One compound lunar quarter-diurnal tide, M,N ... ... 22 

Two compound lunar ter-diurnal tides, 2M,K, and M,K, ... ... 23 and 24 

One larger solar elliptic semi-diurnal tide, T ... ... ... 11 

These additions and the substitution raise the number of components now on the machine to 
twenty-four. 

The machine, a front and a side view of which are givcn in Plate IX, consists of a plate of gun-metal 
of oval form measuring about 3 fect 8 inches wide by 3 feet dcep, supported on two standards. Upon 
this plate, which supports the crank-axes of tlic different movements, are fitted a11 thc guide pillars 
and bars of the parallel slides, l~erraftcr described. At  the back of the plate, and distant from it SOme 

6 inclles, are I~olted two skeleton plates, P, (see Fig. 2, Plate I X  and Fig. 1, Platc X) carrying d l r r  

ends of t l ~ r  crank-arcs, which areproridcd with pointers, a, (see Platc X) for setting, nnd also with dials, 
divided into degrees, or to 36Otbs of thc period of the tidal components. Between the plates are a Lon- 
zontd centre main shaft, c,  (see Plates IX  and X) and four obliquc shafts, d, ( s ~ c  Plnto X) turnin: in "'' 
same time, the obliquc rhafts hciog driven througll the main shaft, two from each end. The main 

receiver its motion from clock-work driving g e u  a t  tho bottom of thc machine through the approximately 
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vertical shafts, e, (see Plates IX and X) pinned together. Rivetted to the oblique uhaftg and the main 
driving shaft are the bevel wlreels, j, (see Fig. 1, Plate X) which are geared wit11 other hcvrl wheels, g ,  
provided on their axes with cndlcss scrculs, h, working into wl~eels, i, (see F i ~ s .  l'atld 2, Plat(. X)  on the 
crank-axes of the several compo~rents. The clock-work driving gear also gives motion to the ccLrltre 
recording barrel, j ,  (see Fig. 3, Plate X)  and tl~rough i t  to the receiving drum-l)ar-rc,l, y. The tracing 
point moves vertically up and down in the frame immediately in front of tlrc: recording harrtbl. 

Perhaps the chief difficulty in the construction of the machine is thc finding, witbin reasonable 
limits, of proportions \r l~ich rcpreser~t with sufficient accuracy the periods of t l ~ e  r,>specti\ e tidal coinpo- 
nents, in order that the macl~ine may be used for a consitleraljle period oC prediction-- say I'or twrlve 
montlu' tides. Very great success has been attainc~d in this respect in tlie prewnt instrument. For  
instance, tlre error or tlie period of tlre cl~icf component-the mean lu t~ar  se~rii-diurnal-reliitively to the 
mean solar setrri-diurnal, is inapprecialjle during a ~vhole ycar's predictions, amounting to ahout 0'10 
degree orrly in a period of fifty years. The grcatcst deviation from strict accuracy is 0 37 dcgree after a 
run represeriting tnelve montl~s. This is, liowevrr, one of the smallrr componer~ts, and insensible ill i t s  
effect. This part of the design may tlicrcfore be regardcd as pmctic:~lly perfect. 

A crank, k, (see Plate X, Fig. 2, and Plate XI) ,  is fitted to the axis, 2, of each component. A sliding 
piccc, carrying a stet.1 guiclirrg pirr, la, for settillg, is fittctl in each cra~lli. The guitlinr: pin is thron n out 
from the cc~ltre of t l ~ c  cr:inl<-axis by I I I ~ , U I S  of a fin(, cut screw of half milli~nctre pi t c l~ ,  and micrometer 
head, la. The requisite distance of the t l~row of tlic g n ~ d i l ~ g  pin is preriously dctel.milled by the proper 
analysis of the tidal observations of t l ~ c  port for n,hicl~ t l ~ e  predictions are required. I t  may be here re- 
marlted that ayeor's tidal ol)ser~ations n ~ l l  y~cld fairly good constants, but a longer ~ e r i o d  of obserrntions 
is very desirable, the gel~cral lilliit of tile smallcr Intliarr ports bring fivc years, whilst a t  t l ~ c  more important 
ports the regibtration of tidal observations is conti~irrons. A l~orizontal cross-head, o, (sce Plate X I )  carricss 
at its ccantre nverp light :~nd  well-balanccd pu l l cy ,~ ,  (see Plate X, Fi:. 2, and Plate XI) .  'l'llc el-oss-he:ld is 
fitted at orie end with an adjustable steel rod grlitl~, q, moving frecly in t\ro pillar guides. G ,  (see Plate XI) ,  
drilled out ncarly thcir entire length to reducc t l ~ c  toucl~ing parts to a m i ~ ~ i m u m .  Tile opposite end of 
the cross-hratl carrivs a projecting fork p i d e ,  which travcls \\ it11 frrcdorn on eitller side of a narrow, 
flat brasr Ijar guidc, v, supported on pillars. The steel rod snide, q, of the cross-head is I)alancetl by a n  
adjustablr sliding n.eigl~t, TV,fittcd in continualion of t l ~ e  projecting fork guide,sotllat tlie centreof gravitpof 
the cross-head and guide is in a vertical through the ccntrac O F  the ?xis of the pulley. ['l'he cross-Iread thus 
balanced is countc~rpoised by a cord and ~vcight passing over pullcj~s a t  sornr distiincc above it, in a 
vertical through its centrc of gravity arrd t l ~ e  axis of the pulley :is shewn in Fig. 1, Plate 1x1. A t  the 
back of the cross-l~ead are fitted two parallrl stcc.1 jaws, s, (see Plate X, Pig. 2, and Ylatr XI) ,  tlie lower 
one a(ljustabl~, in order tlrat the distar~cc hrtwccn them can I)e regulated. Both the 1)rnqs bar guide, T ,  and 
the stcc.1 rot1 guidc, q, are dividcd to millimc~trcs; the brass bar guide for approxim:ite and the steel 
rod guitle for the a c c ~ ~ r a t e  adjustment of the t l ~ r o n  of t l ~ e  cra~il<-pin, for n-lrich purpose tlrc upper pillar 
guide of the steel rod guide is furnisl~c(l with a vernier. The flat brass bar griide is moval~le throupl~ a small 
range for pclrftsct atljust,ment to zcro. The licad of the micrometer, n, is also divided, and may be used 
wit11 the divisions of the I~rass bar guirlc. T l ~ e  cross-Iread, o, is mov:rble on its stcel rot1 guide, q,  for the 
Perfect adjlistrnent of the pulley about the contre of motion of the crank-axis. The fine-tootl~ed nlieel, 

illto mllicll t l ~ o  endless screw, A ,  worlts as previously dvscribcd, is fitted on a s1ottt.d cone, qc, (see Fig. 
2~ Illate X) mhicl~ can be clarnped to thc crank-asis by means of a scre~v-nut, v. ' h i s  arrarlgemcnt is 

because each of thc componcnts requires to be set in its proper position, prr\liously determined 
calculation, a t  tlre commcnccrncnt before starting the mnchine. l l ~ e  srtting dials, 6, are tootlied 

their outer edges aud movablc round their centres by a pinion for setting. 

A fine flexihlo mire fixed to a large screw-head, S, (see Pig. 1 ,  Plate IX) below tlie date-dial, passes 
uuder and over the pulleys of the lower and upper series of components, till leaving the 
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large pulley, it hangs verticnlly above the ink-recorder slide. The screw-head allows of t l ~ e  pen point 
of the ink-recorder being brougl~t accurately to zero, when the compollents are each set to zero or 
brought to zero of thew respective scales. A back screw to the screw-head prevents the latter from 
slipping whcn properly adjusted. It is necessary that this zero sliould bc detcvmincd before the curves 
are run off, on nccoullt of tlio variation of tlie l r n g t l ~  of wire from change of temperature. T l ~ e  ",ire 
carries a t  its free end an ink-bottle fitted wit11 a fine glass tracing point. The ink-recorder tr:ivels in a 
geometrical slide, and is suspcnded to give just sufficient pressure to ensure contact wit11 the paper of 
recording barrel. The record~ng barrel is fitted wit11 I)rass pins at  equidistant intervals, to form the 
time indications on t l ~ e  pq)er  by perforation. A vertical automatic ruling apparatus is available for 
ruling tlie vertical time lincs, but on account of tlie recording paper being very thin, thc rcsultirrg inked 
line is not alnnys so prrErct as desirable. I n  practice it lras Iwen found better to rule the time line8 
tlirougll tlie mncl~ine perforations by l ~ a ~ ~ d ,  a wllole year's rulings only occupying about liour and a 
Ilnlf. An index for s e t t i ~ ~ g  the recording barrel to time is fitted bcl~ind tlre framewo~k near tlre upper 
axis of the barrel. The paper, n-l~ich is continuous, and supplird from a reel, zo, (sce Fig. 3, Plate X) 
passes round two grooved rollers, x, at the back of the recording barrel, and is held in position u~lrilst 
the pins enter the paper, and, a€ter receiving the traced curves, is wound rountl tlie receiving barrel, y. 
The recl, on which thc continuous paper is coutained, is provided 1~1th a brakc brush, ~vllich ensures a 
proper tension of the paper as i t  leaves tlre reel. T l ~ e  receiving barrel rests on tootl~ed driving ~\ l~eels ,  
wllich are driven by the recording barrel, and by friction turns and slips to accoinmodnte itselftoreceive 
the recorded paper. RIotion is given to tllc whole system of ~rlrecl-work through the Iiorizontal centre 
main c, from a clock-work driving gear a t  the bottom of the machine, the nhole being originally 
driven by a meigl~t of about one hundred-weight, and controllrd by a fan. A warning bell sounds when 
the weight is nearly run down, and also when in mintling, the operation is nearly con11)leted. The 
leugtll of tlie barrel roul~d whicl~ the cord is wound is sufficicnt to give 15,000 t u ~ n s  of the main shaft. 
This corresponds to ahout tlrree montl~s' run of curvtJs, and occupies about one hour to m n  off. A gear's 
tides for any port occupy about four hours in  runniug off. 

I n  consequence of the height of the  building in which the machine mas placed not admitting of 
the f~ l l l  lengtli of t l ~ e  cord being used, multiple pulleys had to be employed, t11erel)y incrcasir~g the 
driving weight; tlie time occupied, Irowever, \\.as reduced to about two liours for a year's predictions. 
I n  lS91, when the colnponeuts mere augm~nt~ed,  advantage was taken of cont,inuous matcar power, 
and a small water-motor, H, (sre Pig. 1, Plate I X )  was fittctl for driving the macl~inc wit11 perfect 
success and regul:~rity, the time occupicd being about two hours, for a full ycnr's predictions : tlre motor, 
ill, has bern omitted in Fig. 2 oE Plate I X  for clearness. The weight-driving gear is also available in 
case of failure from the water supply. 

The setting of the macl~ine for the prediction of any port, for which the tidal components are 
known, is as follows :-?'lie dials, 6 ,  are first turned so that t l ~ e  valueof K found from the tidal reductions, 
i~ exactly under or above the higl~est or lowest point according as the component is situntcd on the u[lper 
or lower row of componrnts. 'l'lre cranks, k, are set vertically-the slotted cone, a, (sec Fig. 2, Plate X) 
of the wl~eel, i ,  on tlie axle, d,  having been first relcasrd-and t l ~ c  guide-pin, 117, tlrl.oarn out to its proper 
range according to thc sealc rcquivcd to represent tlie half amplitude of tlic component. l ' l~e scalc on 
which t l ~ c  prrilirtions are reprcqent~l  varivs from a half-iuch to thc; foot in the case of Bli5vn:1gnr to six 
inches (or half actual scale) to the foot for the Crylon and adjacent ports. T l ~ c  width of tlic rrcording 
papcr is trrcnty-tno iucllcs. The setting scale being it1 millinletres, to rcprcsent thc curves on a scale 
of one inch to the foot for setting it is nccessary to multiply the valuc in fcet of each hnlf-anlplitllde 
(kR) by 25.4 or each amplitude (R) by 12.7, and in proportion for other scales. T l ~ e  proprr po~ilion of 
t l ~ c  hands, n, having I,een prcviouslp determiner1 1)y calcrrlation for the timo of starting, tlie l~nnds are 
set and thc slotte[l cones arc tightcnml up. Thew positions arr t11c values of Tr, + u and arc gcncrnll~ 
found for noon of the day preenling the first day for which tlre predictions are required. The angles, 6 
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are in this way automatically found on the machine. The recording harrel, which is twenty-four incl~es 
in circumference, is tllen set to the time for which the values of V, + zc have been found, and the 
wl~eel-work set in motion. 

The date-dial in the centre shows the proqress of the record, mliicl~ can be marked occasionnlly to 
facilitate the entry of the dates after the record has been removed from tlie macl~ine. The d:~te-dial 

only twenty-eight days for Felrruary, care should be taken to date the record one clap hack 
after Marcli 1 in bissextile years, or to shift the dial hand I~ack onc day when i t  has arrived a t  Marc11 1, 
by wliich means the dates \rill then corrcspond correctly to the d a ~ s  of tlle year. Xoon, midrriglit, kc., 
are distinguishcd from the perforations of the otlier liours of thc day by a few supplementary pins. 
Two speeds of travel can be given to the paper. Thesc mere originally one inch and one lialf-inch per 
]lour, but subsequently tllese mere reduced to one quarter-incll and one-eiglith inch per liour, as tliese 
latter mere found to bc quite suficicnt for the purposes of reading off. T l ~ e  pin perforations are one 
inch apart so that with tlic larger speed now fitted on the machine a day's tidrs occupy only six inches 
of paper. The extra pin perforations originnlly used to distinguisli ti hours, 1 2  Iioi~rs and 18 l~orlrs of 
each day, now represent successive noons. A fixed vertical rod near tlle ink-recorder slide carries ruling- 
pens for the t r : ~ c i ~ ~ g  of I~ase-lil~es, sucll as docli-si)ls, river bars, or mean-tidc levcls. I n  practice i t  has 
been usual to use two horizontal lincs only-one representing mean-tide level (R, of the tidal reductions) 
and a lo\\rer onc representing Indian Spring Loa-water mark as defined in the tidal reductions. 
I t  is to the latter that the predictions in Iieiglit are usually referred. If desircd tlic paper can be ruled 
its entire width to represent feet, metres, kc., as it passes tlirough the macl~irle. An idea of the saving 
that is effected by thc macliine may be gatliercd from the fact that tide-curves computed by an expert 
calculator to include tlic same number of components as comprised in tlle iiiacliine, could not I,e worked 
out in less than five or six montlls for tlie gear's tides at  any port. Th(.se can be run off by the machine 
in about two hours, and then only require the heights and times to be rcad off. 

The value of the maclline is very grcat in any worlr mhcre the whole tide-curve is of service, and 
is of great valuc in enpincerin? x~orlts in ml~ich a fore-kno\vlccigc of t l ~ c  tides is necessary, ~ u c l ~  as in  
constructing tlie foundations of quay TI-alls, embanltrnel~ts, dock-sills, &c, the whole tinle during which 
the work can be prosecutecl being secn a t  a glance for every tide. 

The mncliine as a whole is the dcsigu of Mr. Edward Roberts of tlie Nautical Almanac Office, 
while the improvcd parallel slide fitted to each tidal component is doe to Lord ICclvln (Sir TI-illiam 
Thomson), and the use of the fine flexible nire for summing tlle ~v l~o le  of the conipo~~ents is the 
su~8cstion of Mr. Beaucllnmp Tower. l ' l ~ e  machine n-:IS made bp RIcssrs. A. LCg6 R; CO., of Lonclon, by 
whom also the alterations and additions n-ere carried out. As evidencing thc n~nlters' exct-llrtnt work- 
manship, it may be mentioned tllat, when tlle macliine was taken to pieces in 1591 for alteration, little 
or no wear mas observable in the nvorking parts, although the macliine had been coustantly in use for 
nearly twelvc yea~x. 

The Prepnration of the Tide Tables for the Indian P o r k .  

The tide-predicting machine, combining some twenty-four tidal components, gives res111ts with 
great accuracy for all open coast st,atiotls. Tliese comprise the bulk of the Indian ports. Tlle plUepamtion 
of the tables of liigh and low waters, from t l ~ e  traced curves of tlie maclline, is nlost simply cflected 1)y 
obtaining the times of the Il;ghcst and lonrest ~ o i n t s  of the curvcs, and their measurements from the 
datum line for tlle hcigl~ts accordillg to the scnlc for nliich the macl~inc has been set. For tidal stations 
rituated, however, a t  some considorablc distance from the mootl~s of rivers or in estuaries having n 
o~nsiderabls sLallow foreslrore, the number of orcr-tides and compound shallow-water components 
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contained on the machine is not sufficient to represent, with the accuracy desired, the actuol tidal curve. 
I n  ~tldit~ion to tlie above, the tides are greatly affccted by tlie fres11el.s in the rivers, which alter the 
normal times and heights very considerably through several mouths of the, year. 

I n  order tliereforc to give the best results obtainable, recourse I ~ a s  been had to a combination of 
the method pul,sr~ed by 111c Ilydrogmpl~ic Ofice of the Adn~iralty, modified, lio\vever, to include t.11e effects 
of tllc. freshets, with thc results for the diurnal tides obtainable by the tide-predictor as hereafter 
explained. 

Tlre ordinary n~rtlrod of reduction, pursued by the Hyd~,ographic Office, is to refer the observed 
times mld lleigl~ts of high waters*, extellding over a considel.nble period, to the apparent times of 
trnnsits of the Moon prc'ceding the time of Irigh water. 'I'lic best transit to which to refer the 
observatio~~s can I)e (letermined from tlie values of K, drduc1.d from the liarnionic analysis of llie tala 
c l~irf  tidcs of tile port in question or of those of an  adjacent port. The d~ffercl~re between t l ~ e  values 
of K of the nlcan lunar st~iui-diurnal tidc and that of tlre mcban solar semi-diurnal title, divided by twice 
the BIoon's luran daily synodic motion will give tile nlran ~ a l u e  of' tlie retarda~ion of tlle tlrntbs of high 
water after the Xoou's transit. For instance, if me take the values obtained for Bombay, we have 

Hnvinp determined the Moon's transit to mhiclr tlie observat~ions are to be referr~d, they are 
divided into twrlvc prollps, r:ic., all t,l~ose tides depending on t,hc Aloon's transits n l ~ i c l ~  occur between 
Oh Om ant1 1" Om or 1 J h  On' a ~ l d  13h On' forming one group, all t,lrose liigli w:~ters I~ctween lh 0'" ant1 2'' Om or 

Om ant1 l A h  om formi117 a secorld gl.oiip ant1 simi1:irly t l i r o ~ ~ g l ~  each of t l ~ e  twel\fc hours. The means of 

the  Jloon's transits and of t l ~ e  times and I ~ e i ~ l ~ t s  of higll Jvaler depending on thvm al-c then taken. The 
results mill ~ i v e  the uicl:ln times and mean III-igl~ts of llisli water for values of t l ~ e  Moon's transit ahout 
Oh 30m, l h  30m, Bh SO'", etc. If the 1ne:rns of the Moon's t.ransit do not eqtral 30" exact,lg, they are made 
to do SO, tile tirues and I~ciglits depentli~~g on t.l~crn 1)eing co~.rcbctt.d :rccordi~lgly. EI:~ving now tile values 
for r a c l ~  hour of Jloon's transit,, ci;.,  at Oh 3 P ,  111 30"', ctc., tlic values for intermetliat,e times of &loon's 
transit arc ol)tninetl in the ustlal way I)y intcrpolntion. I t  is usu:11 t,o prepare a t,nble for each 10" of 
Moon's transit, i .e. ,  live val~res are inserted betmeon each of the tn-clve original quant.ities. 1l1e values 
of tlra I~ci,plrts :Ire similn1.1g trcnted. If the I r l d i : ~ ~ ~  riverain 01,servations were t.reatrd as al~ove, t l ~ e  results 
aoultl inclutle the niunn ~ f f c c t  due to the frvsllets. I n  order, I~o\\.evcr, to obtain t l ~ e  actual vallles due 
to tlrc f~.esl~ets \\-hicl~ occur wit.h fair rcg.ularity e:~cli year, a n~orlific:~tion of the above method h:ls been 
introduced, ci:., ill place of a cor~sidcral,le ~ e r i o d  of 01)servntions (usually a year) being treated as a 
wl~ole, encll nrontl~ is t.rcated sepa~.atc.ly, so t,l~at twelve stbts of va111es are obtaincd similar to the above 
for encli year's ol)*~.rvntio~~s. I n  ortlcr to obtain good values it is, I~olvever, necessary t,liat the ol)scrvation'J 
e x t c ~ ~ d i n y  orer sonle pears sl1n111d Ile tlills treated, as t l ~ e  number of observ:~tions in any one montll, depend- 
ing on a crrt :~in Irour of Jloon's transit, is much too fcn. to give a nltBan v:~lue fairly reliable. I t  may bellere 

remnrkcd t l ~ : ~ t  it. is not nrcessa1.y to find the tillle of the &loon's transit for thc particular place in question, 
ant1 in practice it I~ns  bevn t l ~ e  rule to refer t.l~e times and heigl~ts to the transits at  Grc~en\\~icl~, wllichare 
given in t l ~ r  Xauticnl Al~nanac. I n  t,he prcclictions the Gree~~\vicli transits are again used, whereby a 
saviug is r.ffecttd I~otll in the reductions of the observations and tlie actual predictions. 

Tile n r r t  strp in the work is the fiatling of the corrections due to the Innar and solar parallaxe9~ 
and ~ I I P  lunar and sol:\r ~lccli~~otions.  For t l~ i s  purpose rrcoursc, l ~ a s  hern had to t l ~ e  followi~lg tallies of 
the late Sir J o l ~ n  I.ul~l~ocli, publislled in " A n  Elrmenta~y 'I'~.eatisc~t on the ~ i d e s .  London, 1839." 
-- - -  - --- -- 

Tbr l r n r  r m l e n  h a r e  h ~ t h r r t o  n n t  rorrlrr,l thr s v n r  rttentlon 

f I n  :b l .  trprtlw t b r  .ncp.--~rr t - t n c l t s  I.I I ~ P  \Innn arr r~rnntr,i by thr lettern A, 8, C, D, E and F -F is sopposed t o  denote the (Ime of 'be 
tnmit of b e  Moon Immer l~sre l~  preced~og the t lme  of b ~ g h  water sL London Docks. 
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TABLE I.-Showing the correction for the Moon's Declination. 

TABLE 11.-Showing the correction for the Moon's Parallax. 
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TABLE 111.-Showing the correction for the Sun's Declination. 
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TABLE 1V.-Showing the correction for the Sun's Paranax. 

TABLE V.-Showing the correction for the Moon's Declination. 
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TABLE V1.-Showing the correction for the Moon's Parallax. 
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TABLE VI1.-Showing the correction for  the Sttn'r Declination. 

T A B L E  V1Ia.-Shozoing the con-ection for the Sun's Paral lax.  

These tables are strictly for the London Docks, but can be used, without alteration for the semi- 
diurnal tides of any port, for the corrections for tbc times of high water unaltered, and for the Iieights 
by using corrections in proportion to tlle ranges of the semi-diurnal tides a t  London and the port in 
question. The corrections for the times of low watcr a t  the London Docks, have not been determined 
1)ut have been assumed the snlne 3s for thc high watcr, and ]lave been so used in the prediction of the  
times of low water for the Indian riverain ports. The corrections for the heights of lorn waters will be  
of opposite sign to tllosc for the higll waters. The times of low water in the reductions are referred 6 0  
the samc Moon's transit as the succeediug high water, tbc low matcrs preceding the high waters by a 

shorter interval than that between thc low w:~tcr and the previous high water. In rivcrain ports a t  a 
considerable distancc from the rivcr's moutl~, t l ~ c  higli water succecds the low water by a few hours only, 

times being coincident a t  the place wherc the tidal flow ceases. 
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The following tnble exhibits the approximate intervnl after the Moon's transit to which the predic. 
tions are roferred for the Indian riverain ports determined on this system :- 

Interval nfter Moon's trnn~it  to time of 
Low wnter H ~ g h  wntcr 

Dublnt (Snugor Island) Hooghly River ... ... 2gh ... 3€ih 
Diamond Harbour 9 ) ... ... ... 32 36 
Kidderpore (Cnlcutta) 55 ... ... ... 35 39 
Chittagong ... ... ... 33 38 
Elephant Point, Rangoon River ... ... ... 35 40 

Rangoon 

Amherst, Moulmein River ... ... ... 34 39 
Moulmein 9' 

The corrections to the heights of high water and low water for the above ports, are obtained from 
those for London by multiplying them by the following factors, the values for London being taken as 
unity :- 

Fnctor for Fnctor for 
High wnter Low water ... Dublat (Saugor Island) Hooghly River ... ... 1 . 2  - 1 . 2  

Diamond Harbour 

Kidderpore (Calcutta) ,, ... ... ... 1 . 2  -0 .3  

Elephant Point, Rangoon River ... ... ... 1.6 -1.4 

Rangoon " ... ... ... 1.4 -0 .9  

Amherst, Moulmein River ... ... ... 1 . 8  -1 .8  

Moulmein 9 9 ... 
The times of high water being now corrected as above explained, i t  has been usual to alter them 

slight.ly a t  the end of each month and a t  t l ~ e  beginning of the next, to smooth away the roughness in ths 
flow of the numbers on account of the difference arising from the use of the sligl~tly different values of 
the semi-menstrual curve used for successive months. The heights are similarly treated and the times 
and heights of the low waters also. 

The times and heights now represent the tides depending on the semi-diurnal tides and corrected 
approximately for the effects of the freshets. The effects of the diurnal tides have now to be found. 

Tlle values of these components, oiz., those of 5, K, 0, P,  J and Q, are determined in the usual 
m y  by the harmor~ic analysis of the tidal observations. These values being put on the tide-predictor, 
all the other components having been put to zero, tlle contin~lous curve for the whole year is run off. 
Tlw value in height above or below mean-tide lcvel is then found for eacl~ of the approximate tirncs or 
high and low water. These valiies are combined with the corrected heights previously found. The 
resulting h e i ~ h t s  give t l ~ e  quantities published in the Tide Tables. I t  now only remains to correct the 
timw .^similarly for the diurnal tides. The correction due to the diurnal tides will be nil, when the 
diurnal tide is a t  i t s  maximum effect cithcr above or below mean-tide level, i.e., when it has no variatiofi, 
and will be greatest when the variation i~ greatest. The difference between alternate values of the diurnal 
correction in height servea as a basis for obtaining the corrections in time. These alternate value8 are 
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dreadp tabulated for the correction in hcight. The latest dctermination of the best values is found to 1)e 
tllc divisiolt of thc cZi$ere~tce betwcen alternate valucs of the diurnal corrcction in l i ( i f l~ t s  ospresst.d in 
llundretlths of a foot by 6, the resulting quotient rcpresenting minutes of timc. For instance, if the 
diifercllcc bet~veen two consecutive corrections in Ireiglit for diurnal tides is found to bc 0.35 foot, then 
the correction in time to the intermediate high or low mater is represented by 7 minutes. 

For thc Iligli-water correction, if the differences are increasing positively, then tlle corrections to 
the tiii~e of high wat,er is positive, or in other words, as the cffccl of the cliurnal tide is to prolong tllc: 
tidal flow, the time of high water will he retarded thereby. On tlic otlier Iland, if thc difftbrcncc is 
increasir~g ~rcyaticely, then tile corrcation mill be negative, or in otlier words the t.irne of lrigli water tvill 
be accclel-atetl and vice i~erad. For the times of low water, tlle col*rrctions mill he the opposite, i.e., 
if tlic differences are increasing positively, tllell the t,imes will he accclerated, or the correction to t.lit: 
times will be ucgntioe, and on tlic otlier hancl, if tlie tliffercnces are increasing negatively, then the timcs 
will be rct,arded, i.e., the correction to the times mill be positice. By using thus a common factor, tllc 
mean v:iluc only of tlie correction to t,he diurnal  tide^ is obtained. The corrections thus formed \\.ill I)+: 
sliglltly too large a t  tlie tinie of spring-tides as ordinarily understood, and too small a t  neap-tides, hut 
t l~c error introtluced is probably sniall, and tlie correct valucs mould create an amount of labour probably 
not recornpcnscd by the extra labour involved. 

The following are tlic tablcs actually used: thcy are practically tlie same in substance as Sir 
J. Lubbock's tables, b u t  t l~ey  are enlarged and re-arranged in a more convenient form :- 
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T A n L E N 0. 1.-Correct.ions to Times of High Water for Moon's Declination. 



cnar. VIII.1 TIDAL PREDICTIOR. 

~ ~ ~ ~ m e n t s - 3 f o o n ' s  Declination and Al>parent T1.ansit. 

Exou1~1lo.-3loou'r A I I ~ U K U ~  'l'rusiL 3h 40" uud Ueeli~~utiuu 2 3 ;  corrocliou = - i r" .3 .  



TIDAL OBSERVATIONS. CCAAP. VIII 

T A B L E  No. 2.-Correction to Times of High Water. Arguments, 

- - 

Eumpb.-Moon'# A p p r m t  TraruiL ~b O" and 8. P. 59' 15"; wrrection - + 4m'3. 



CAAP. VIII.1 TIDAL PREDICTION. 

Noon's Horizontal Parallax and Apparent Transit. 

Ernmple.-Moon's Apparent Tronsit 3'' om and H. P. 59' r 5"; correclion = + 4".3. 
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T A n L E 8 N o 9 .  34.-Corrections to Times of High Wnter for Sun's H. P., Declination, and 



CBAP. vIII.1 TIDAL PREDICTION. 367 

squation of Time (Apparent to Mean). Arguments-Day of Year and Moon's Apparent Transit. 

Example.-Jonuury 26th nod Moon's Apparent Traneit Sb 40m i correcliou = + 1Zm.7. 
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T a B L E s N o  8 .  3-4.-Corrections to Times of High Water for Sun's H. P., Declination, and 

Ewnple.  -Januury 26th nnd Moon'a Appnrenl TrenaiL 6"'"; curreelion = + 1Zrn'7. 
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Equation of Time (Apparent to Mean). Ar:urnents-Day of Year and Moon's Apparent Tmnrit. 

Erumpla.-Jumlary 26th and Aluon's A p p o r u l ~ ~  Truneit 5 h  4@"; correction = + 12m.7. 
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K I D D E R P O R E .  

Deduced from the Observations 1861-64, omittiug those from June 17th to September 16th. 

Note.-Calcutta Mean Time. 
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Corrections to Times of Low Water (Freshets Period). 
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R A N G O O N .  

Corrections to Times of High Water (Freahets Period). 
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TIDAL OBSERVATIONS 

PART 11. 

HISTORY AND DESCRIPTION OF THE OBSERVATORIES, 

RESULTS OF THE OBSERVATIONS, 

AND 

VALUES OF THE TIDAL CONSTANTS, 

UP TO 

1892. 





A D E N .  

(Ticla2 Observatory, Lot. 12" 47' N., Long. 440 69' E.) 

The tidal observatory a t  Aden, on the south coast of Arabia, is one of the permanent observa- 
tories, and is situated in the angle formed by the T-head of the end of the Post Office pier, in the position 
shown in the accompanying chart. It is n wooden structure built on piles driven eight or nine feet into 
the bed of the sea. The cylinder is circular and of wrought iron, about twenty-two inches in internal 
diamcter and sixtecn feet long, closed a t  the bottom and resting on the bed of the sea, there being 
never less than three feet of water above the bottom even at the lowest tides. 

The working scale of the tide-gauge is one-half. 

Registrations were commenced on the 3rd March, 1879, and mere very satisfactory up to the 17th 
Ifarch, 1890. From the latter date to thc 31st May, 1890, mhcn a new gauge mas set up, the obser- 
vations mere rendered untrustworthy tlrrough tho negligence of the clerk. With this exception, the 
o1)scrvations have proved satisfactory. When tlre gauge was originally set up there mas a short com- 
munication pipe, having two bends, and a " rose " at its end, attachcd to the cylinder near the bottom. 
Tllc rosc was fiftcen inches above the bed of the sea. At the inspection in August, 1886, this 
arrangcmcnt mas found to have disappearcd without entailing any bad consequences; and it  has not 
been nccessary to renew it. Prior to tllc commcncemcnt of these registrations a small gauge mas a t  
work for a considerable time, but its rcgistrations mcre found to be useless. 



4 TIDAL OBSERVATIONS. 

A peculiarity of the Aden tides is, that at  the times of the moon's quarters there is frequently 
only one high and one lorn water in the twenty-four hours. 

Tho disturbances of the surface of the ocean, caused by the Krakatoa volcanic eruptions, were record. 
ed at  this the most rcmote Indian Tidal Station by the self-registering tide-gauge on the 27th August, 1883. 

Barometrical and anemometrical observations were carried on simultaneously with the tidd ob. 
servations. The barometer was placed in the observatory, but as that site was not suitable for the 
anomometcr, the latter instrument was placed on the Flag-staff hill, about a quarter of a mile inland. 

The bench-mark of reference is a large stone in the north-east corner of the Post Office verandah 
Q.T.S. 

pavement, having its face flush with the pavement, and the letters OA engraved on it. It is 13.489 feet 
B.M. 

above the zero of the gauge. 

The establishment of the Port, cdcuhted according to the method employed by the Marine 
Survey of India = VII" 64". 

The highest high water recorded was 10 .1  feet above the zero of the gauge, and occurred in 
April, 1879. 

The lowest lorn water recorded was 0 . 1  of a foot above the zero of the gauge, and occurred in 
November, 1879. 

I n  1879-80 the mean range of largest ordinary springs was found to be 6.7 feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 
... 1879-80 ... ... 6.768 feet. 
... ,. 1880-81 ..a ... 6.784 
.., ., ... 1881-82 ... 6.814 
... ,. 1882-83 ... ... 6.754 
... .. ... 1893-84 ,.. 6.800 
... .. ... 1884-85 ... 6.849 
... .. ... 1885-56 ... 6.883 
... .. ... 1896-S7 ... 6.902 
... .. ... 1587-88 ... 6.822 
... ., ... 1898-89 ... 6.857 
... ... 18SB-90 .., 6.835 9, ... .. 1890-01 ... ... 6.780 ... 1801-02 ... ... 6.846 ,, 
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Values of H's at Aden. 
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Palzcee of H's at Ade-(Continued). 
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Palzces of K'S at Aden. 
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rateces of K'B at Aden-(Continued), 





K U R R A C H E E .  

(Tidol Observa to~~y ,  Lat .  24' 48' N., Lotlg. GG6 55' 3.) 

The tidal observatory a t  Kurrachee on the coast of Sind is one of the permanent observatories, 
and is situated alongside the end of the ' Tipping pier ' on the Manors side of the  Harbour, in  the  position 
shown on the accompanying chart. It is n, substantial, isolated wooclen structure, built on piles driven 
from cight to twelve feet into the ground. The cylinder is an iron screw pile of about two feet Four 
inches internal diamcter and serenteen feet six inches long, driven about two feet into the ground, and 
firmly braced to the obscrvatory joists; t l ~ e  intciltion being that there sbould be about one foot of the 
cylinder above the highest tides, and al~out four feet of water within i t  a t  the lowest tidcs. The commu- 
nication is by a hole one inch in diameter, drilled through the cylinder a t  a depth of fiftcen feet eight 
inches below the top flange. 

The working scalc of the tidc-gangc is one-third. 

Registrations were commenccd on the 1st January, 1E81, and have been higl~ly satisfactory, 
though occasionally the curvcs havc slight imperfections duc to shcll fish blocliing the communicntion ; 
and in 1892 silt accurnulatcd to such an cstent that cxtremc high and low tides mere not properly 
indicated, owing to the float a t  cstrcme low water and tlle counterpoise a t  extreme high water resting 
on the accumulation, which was rcrnovcd in January, 1893. Prior to the comlnencement O F  these 
registrations, s smn!l sclf-rrgistcring tidc-gauge mas a t  work between 18G8 and 1880 in connection with 
tho Kurrachee Harhour Worlrs, and its observations havc been utiliscd together with tl~oee of the larger 
instrument. The distnrbanccs of the surface of the ocean, caused by the Hrakatoa volcanic eruptions, 
mere rccorded a t  this tidal station by thc self-registering tide-gaugc on the 27th August, 1S83. 



10 TIDAL OBSERVATIONS. 

Barometric3.1 and anemometricd observations mere carried on simultnneously with the tidnl 
obserrations. 

Tho barometer mas placed in the observatory, and tlie anemometer fixed to the exterior of the 
same building but it,s use was discontinued as that site rras found to be inferior to that of the Port-Trust 
Anemometer on a neighbouring hillock, and the observations of the latter instrument have been accepted 
since December, 1661. 

The bench-marli of rcfcrcnce is a stone, about half a furlong S.W. of the observatory, markedQ6'f'. 
B.M. 

I t  is 16.130 feet above the zero of the gauge. 

The cstnblislunent of the Port, calculated according to themethod cmployed by the Marine Survey 
of India = X" 19"'. 

The highest high watcr recorded mas 13.4 fcet above the zero of the gaugc and occurred in 
June, 1SS5. 

The lowest low water recorded was 0 . 4  foot above the zero of the gauge and occurred in 
No~cmbcr, 1879. 

I n  1800 the mean range of largest ordinary springs mas found to be 9 . 3  feet. 

The height of mean-sen-level above the zero of the gauge had the following values :- 

By small gauge. By large gauge. 

... ... ... 7.149 feet. 

... ... ... -291 ,, 
... ... ... .26h ,, 
... ... ... -107 ,, 
... ... ... -051 ,, 

... ... ... -079 ,, 
... ... ... -152 ,, 
... ... ... -153 ,, 
... ... ... .134 ,, 

... ... ... -207 ,, 

... ... ... -331 ,, 

... ... ... -308 ,, 

... ... ... -267 ,, 

7.179 feet. 
.060 ,, 
-192 ,, 
-198 ,, 
-206 ,, 
-225 ,, 
-152 ,, 
-133 ,, 
-166 ,, 
-143 ,, 
-114 ,, 





DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 11 

Patuae of H's at Kurrachee. 
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Palaes of H's at Krit-rachee-(Continued). 
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Palzces of H's at Kurrachee-(Continued). 
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Vakes  of H's at Kurt-nchee-(Continued). 
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Values of K'U at &rrachee. 
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Pnlues of ~ ' s  at Kzbr~achee-(Continued). 
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Values of a's at K~?-?~acRee-(Continued). 
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N A V L N L R  P O I N T .  

(Tidal Observatory, Lat. 22' 44' N., Long. 69" 43' E.) 

The temporary tidal observatory at  Pu'avinir Point on the northern shore of the Gulf of Cutch 
mas set up with a view to determine the existing relations between the level of the land and the sea in 
this locality. I t  mas situatcd seven miles south of the town of Mundra, and about half a mile south of 
tlie mouth of the NavAnn6r Creek, a t  the east end of the spit of sand which projects beyond the Point, 
in tho position shown on the accompanying chart. The observatory, masonry well, float-cylinder and 
communication pipc mere very similar to those a t  Okha Point described on page 23. 

The working scale of the tide-gauge mas one-sixth. 

Registrations mere commenced on the 1st May, 1874, and mere discontinued on the 5th May, 1875. 
They wcrc not very successful, owing to tlie continual alteration in  the configuration of the fore-shore, 
1~1~icll caused a gap in the observations fro111 the 14th June, 1874, to the 7th March, 1875, and thus re- 
duced tile period of the observations available for computation to three and a half lunations. From 
these observations some of the short period tides have been calculated, and a value of mean-sea-level 
has bcen obtained. 

Baromctricnl and ancmometrical observations mere carried on simultaneously with the tidal obser- 
vatioos. The barometer mas placed in the observatory, and the anemometer on the top of the same 
Building. 

Q.T.9. 

The bcnch-mark of reference is a stone marked ,'&. embedded in  a three-foot cube of masonry 
r! -. 

ahout six inches below tlle s~vfacc  of the ground, and situated on a spit of sand to tlle W. of the creek 
rind about tmcnty chains S.W. of t,hc ligllt-110~s~. I t  is nine hundred and eighteen yards from the 
still-standing cylinder of tlie tidal observatory, and its bcaring from tlie cylinder is 254". It is 25.372 
fcct nborc the ecro of the gaagc. Bench-marks A and B, wllicll rrcre placed nearer to the observatory 
than the above, and in the same line of bearing from it, have disappeared. 



X) TIDAL OBSERVATIONS. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = XIIh 47m. 

The highest high water recorded was 24.6 feet above the zero of the gauge, and occurred in June, 
1874. 

Tho lowest low water recorded was 4.7 feet above the zero of the gauge, and occurred in May, 
1874. 

I n  1874-75 the menn range of largest ordinary springs was found to be 17.6 feet. 

The height of mean-sea-level above the zero of the gauge bad the following value :- 

1874-76 ... ... ... 15.441 feet. 

No~~.-'l'he bench-marks of reference at  NavinBr, Hansthal, and Okha Points mere connected by spirit-levelling, 
and at  tlie time of the cstablishmcnt of the observatories at  these stations, tlie intention was that a second and final series 
of tidal observations should bc taken at  each of them after B sufficient interval had elapsed for a sensible change to have 
taken place in the relative levels of land m d  sea. 

Patues of H's and K'S at Nav6ndr Point. 
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H A N S T H A L  P O I N T .  

(Tidal Observatory, Xat. 22' 66' N., Long. 70" 21' 3.) 

The temporary tidal observatory a t  IXansthal Point, at  the head of the Gulf of Cutch, was erected 
with a view to determine tlie existing relations between the level of the land and the sea in this locality. 
I t  mas not considered necessary to continue the first serics of tidal observations for more than thirteen 
and a half months, after which period the observatory was dismantled. Tlie observatory was situated 
fifteen miles north of tlie town of Jodiga, on the Klithiin~ir or left bank of the Hansthal Creek, about a 
quarter of a mile above its mouth and one hundred and eighty fcet from the bank, in the position shown 
on the accompanying chart. Tlle obscrvatory, float-cylinder, and communication pipe, were very similar 
to thosc at  Okha Point described on page 23 ; but, owing to the ground being black soil, a masonry well 
mas dispensed with and the cylinder was sunk in an excavation of oonsiderable diameter and twenty-five 
and a half feet dcep. 

The working scale of the tide-gauge was one-sixth. 

Registrations were commenced in April, 1874, and went on very satisfactorily until May, 1875, 
when they merc discontinued and the observatory dismantled. 

Barometrical and ancmometrical observations were carried on simultaneously with the ticlal 
observations. The barometer was placed in the obscrvatory, and the anemometer on the top of the same 
building. 

G.T.9. 
The bench-mark of reference is a stone marked ,:,, embedded in a three-foot cube of masonry, 

A. 
about G inches abovc! thc surface of the ground. I t  is situatcd eight feet E. of a specially built pillar ; i t  
is also one hnndrcd and ciglity fcet W. of the still-standing cylinder of tlic tidal obscrvatory, and quarter 
of a mile N.N.E. of a flag-staff callcd Mustasa Pir-ka-B6ota. It is 2G.034 feet above the zero of the gauge. 



2 2 TIDAL OBSERVATIONS. 

The establisl~rnent of the Port, calculated according to the method employed by the Marine 
Survey of India = I" 40'". 

Tho highest high water recorded was 25.9 feet above the zero of the gauge, and occurred in July, 
1874. 

The lowest low water recorded wns 4.3 feet above the zero of the gauge, and occurred in Decem- 
ber, 1874. 

In 1874-75 the mean range of largest ordinary springs mas found to be 19.3 feet. 

The height of mean-sea-level above the zero of the gauge had the following value :- 

1874-76 ... ... ... 16.332 feet. 

NOTE.-TIic bcnch-marks of rcfcrence at  Hmsthal, Okha, and NavLnL Points mere connected by spirit-levelling, 
nud at  the tiruc of thc establishment of the obsc~.vatories a t  these stations, tlie intention mas that a second and fiual scries 
of titlnl ol)ser\ntious should bc talicn at  each of them after a sufficient interval liad elapsed for a sensible change to ha1.e 
tnkcn place in tlic relative levels of land and sea. 

Pc~lues of H's ancl K'S at HnnstAn2 Point. 
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DESCRIPTION OF OBSERVATORIES, AND VALUE8 OF TIDAL CONSTANT3. 

OKHA POINT AND BET HARBOUR. 

(Tidal Observatory, L a t .  22" 28' N., Long. 69" 6' E.) 

Tile temporalsy tidal obserratory a t  Okha Point, on the promontory a t  the south side of the entrance to 
the Gulf of Cutcll, mras erected primarily with a view to determine the existing rrlations between the level 
of the land and tlle sea in this locality. I t  was consequently not considered necessary to continue the 
first of tidal observations a t  Okha for more t l ~ a n  sixteen and a half months, after which ~ e r i o d  a 
convenient occasion for disn~antling the observatory occurred. The observatory was situated on the shore 
of the Okhlirnandal mainland, almost exactly opposite the town and island of Bet, and about three 
hundred yards south of the north-castern corner of the land, in  the position shown on the accompany- 
ing chart. The observatory was a wooden cabin constructed so as to be easily taken to pieces, fixed on 
three cross bcalns fitted on thc tops of six largc piles embcdded eight feet in the sand. A brick masonry 
well, four feet in diarncter, to lloltl the c~linder,  was sunk to a depth of fire or six feet below low-water 
springs, and twenty-fivc feet bclow the ground level. Tlre float-cylinder was of ~ r o u g h t  iron, about tmenty- 
nine fcet long and twenty-two inches internal diarncter, and rested on the bottom of the  well. Nine 
inches from the bottom of the cylinder a two-inch iron pipe was taken up vertically to within h e l v e  
feet six inches of the top of the cylindcr : here a stop-cock TI-as placcd on a bend, whence the two-inch 
pipe, having a slight inclination downwards, mas carried out to a total length of a hundred and seventy- 
five fect until it mct the natural surface of the sand nearly thirty feet beyond low-water mark. Here a 
flesiblc two-inch tube mas connected with tlie iron pipe, and a rose a t  the end of the tube was held in  
position 1)y an anchor and sustained by buoys a t  about six feet from the bottom in a place where there 
\\'as twenty feet of water a t  low springs. 

Thc working scale of the tidc-gauge was one-fourth. 

Registrations wcrc commcnced in Dcccmber, 1873, and went on most satisfactorily until their 
termination. Tllcre wcrc vcry few breaks in thc continuity of thc obser~ations and such as occurred 
wcrc short and of no importance. The observatory mas dismantled in May, 1875. 

Barometrical and anemomctrical obscrvntions wcre carried on simultaneously with the tidal 
obscrvntions. Thc barometer was placed in tllc observatory, and the anemometer on the top of tlie same 
building. 

G T S  
Tlio I~cnch-mark of reference is a stonc marked BE.  cmbedded in a tlrrae-foot cube of masonv, 

A. 
allout six inches bclom the surface of tlic ground. I t  is situatcd one hundred feet from the still-stand- 
ing cylindcr of tlic tidal observatory, and its bearing from the cylinder is 11". It is 20.071 fret n b v e  
thc zcro of thc gaugc. 



TIDAL OBSERVATIONS. 

The estJlishmcnt of the Port, calculated according to the method employed by the Marine 
Survey of India = XIIh  8". 

The highest high water recorded wns 16.4 feet above the zero of the gauge, and occurred in June, 
1874. 

The lowest low water recorded wns 1.6 feet above the zero of the gauge, and occurred in Novembr, 
1874. 

I n  1874-76 the mean range of largest ordinary springs was found to be 12.4 feet. 

The height of mean-sea-level above the zero of the gauge had the following value:- 

1874-75 ... ... ... 9-  650 feet. 

F in~~ . -The  bench-marks of reference at  Okha, NnvRnkr, and Hansthnl Points were connected by spirit-levelling 
and a t  the time of the establishment of the observatories at  thesc stations, the intention was that a second and final series of 
tidal obsewntions shortld be taken a t  each of them after a sufficient interval had elapsed for a sensible change to have 
taken place in  the relative levels of land and sea. 

Values of H's and K'S a l  Okha Point. 
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DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 

PORT ALBERT VICTOR. 

(Tidal  Obse~vatory, Jut .  20" 58' N., Long.  7'1" 33' 3.) 

Tidal observations a t  Port Albert Victor (Krithimadar), on the south coast of KQthiAw6r, mere 
takcn by means of a graduated staff during the preparations for nnd erection of a tidal observatory a t  
Bhhvnagar in Khthih~vir. The graduated staff was fixed in the Ch5nch Creek a t  KAthiwadar just off the  
new Bandar wall, in the position shown on the accompanying chart; and this staff was observed to, 
personally, every quarter of an hour, night and day, from 1st November, 1881, to 9th November, 1682, 
unclcr the direction of the Engineer to H. H. thc Maharajah of Bhivnagar. 

The bench-mark of reference is on the Bandar, 85 feet from the face mall. It  is 24.640 feet 
above thc zero of the graduated staff. 

The establishmcnt of thc Port, cnlculated according to the method employed by the Marine 
Survey of India = 11'' 2"'. 

The highest high water recorded was 22.5 feet above the zero of the graduated staff, and occul~ed 
in January, 1882. 

The lowest low water recorded was 5.7 feet above the eero of the graduated staff, and occurred i n  
March, 1882. 

In  1881-82 the mcan rango of largcst ordinary springs was found to be 11.9 feet. 

The height of mcan-sea-levcl above tlie zero of the graduated staff had the following value :- 

1891-82 . . . ... ... 13.672 fect. 



TIDAL OBSERVATIOXS. 
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DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL COXSTANTS. 

B H B V N A G A R .  

(Ticlal Observatory, Lcct. 21" 48' N., Long. 72' 9' E.) 

The observatory a t  Bhhvnagnr in KlithiBwlir is one of the minor observatories, a t  mhicll five  ears' 
observatioas are generally consiclercd sufficient, and is sitnated on the south or right bank of the ~ 1 1 6 ~ -  
nagar Creek, close to the Steam Perry Incline, in thc position shown on the accompanying cl~art .  It is 
a well-constructed woodcn cabin surrounded by a railed-in balcony and supported on piles. The float- 
cyliuder mas specially constructecl in England and is exceptionally large, as it was originally designed to 
bc the sole support to thc observatory; but that arrangement was abandoned n hen the observatory 
came to be put up. The cylindcr is sunk thirty-five fect in t l ~ e  mud : i t  is forty-two inches in diameter 
and forty fcct long, tllus giving ample rangc for extreme tidcs, bet\\ een which the large difference of 
thirty-seven fect has bern ol~scrved. Tlle comlnunication is by a three-inch iron pipe three llundred 
fect l o ~ ~ g ,  brnt in the form of a siplion. The short branch rises vertically inside t l i ~  cylinder for a length 
of sbont twenty-one and a half fcct from a point, always undrr TI atel*, three inches above the bottom 
(which is closed with concrctc) : the 11ipc then passcs firstly through tlie cylincler, then through eiglity 
feet of mud, and then drscends on supports illto clcep watcr mhcrc i t  terminates wit11 a rosc always 
undcr water. An air-chaml~cr with a cock to rclcase t l ~ c  air which accumnlntes from within tllc com- 
municntio~l pipe, and a stop-cock uscd for flushing purposes, are placed near cach other in the apex of 
tllc siphon insidc tho cyliudcr; and an iron Iaddei. lcads down to tlie bottom of the cylindcr, so that 
auy deposit oE n ~ u d  can 11e relnoved when nccessary. Thc obserratory and its equipment of instru- 
ments bclong to It. II. thc Maharajah of Bli:ivnagar, and are under the supervision of the State Engineer. 

The working scale of the tide-gauge is onc-tenth. 



a8 TIDAL OBSERVATIONB. 

Registrations wero commenced on the 1st January, 1886, and have been fairly continuous up to 
the present, although the periodical flushing out, inevitable lcakages in thc long communication pipe, 
and accidcnts to the C O C ~ ~ S  liave mused numerous trifling interruptions. Up to alate date in November, 
1888, tlle curves, tllougli fairly continuous, presented certain pcculiaritics which occurred with regularity 
and which were attributed to idiosyncrasies of the tides in the Bhhvnagar Creek. I t  was tl~cn found 
that the peculiarities were caused by unsuspected accumulations of air in the connection pipe, and that 
tlley disappeared if the air-cock was kept open for thc whole time that the water was above it. This 
discovery neccssitated the rejection of thrcc years' observations. 

Barometrical and anemometrical observations were carried on simultaneously with the tidal obser- 
vations. The baromcter mas placed in the observatory and the anemometer on the top of the same 
building. 

G.T.6. 
The bench-mark of refcrence is a dressed block of stone marked B%f, and fixed in the masonry 

closc to the Steam Ferry Incline, and distant one-hundred and fifty-four yards S.W. of the observatory. 
It is 43.35 feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine Survey 
of Indin = IV" 32It1. 

The highest high water recorded was 40.7 feet above the zero of the gauge, and occurred in 
April, 1692. 

Tlie lowest low water recorded was 3.7 feet above the zero of the gauge, and occurred in 
October, 1801. 

I n  1890 the mcan range of largcst ordinary springs mas found to be 31.4 feet. 

Tlie hcigllt of mean-sea-level abore thc zero of the gauge bad the following values :- 

... ... 1880 ... 22.703 fect. 

... ... 1890 ... 22.74f2 ,, 

... ... 1801 ,.. 22.602 ,, 

... ... 1892 ... 22.699 ,, 
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Palttes of H's alzd K'S at Bhdunugar. 
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TIDAL OBSERVATIONS. 

APOLLO BANDAR, BOMBAY. 

(Tidat Observatory, Lat. 18" 66' N., Long. 72" 50' 3.) 

The tidal observatory a t  the  Apollo Bandar, Bombay, is one of the permanent observatories and 
is situated a t  the  N.E. corner of the Bandar (or pier), in  the position sliown on the accompanying 
chart. It is a neat woodcn huilding covering a well (constructed in the masonry of the Bandar), that 
prior to the establishment of a tidal observatory, had been used for the tidal measurements taken by 
the Engineer to the Port Trust. The well is twenty-six feet deep, of circular section, and of a diameter 
of twclve feet a t  and for twelve feet above the bottom, whence i t  narrows gradually to a diameter of 
eight feet a t  the mouth. A horizontal passage twelve inches by six inches in section and eleven feet 
long leads from the bottom of the well straight into the sea, a t  a level rather more than two feet below 
the lowest recorded tides. The float-cylinder is of iron, about twenty-two inches in diameter and 
about twenty-six feet long, which gives range for extreme tides. I t  is secured above to the flooring 
of the ol~servatory, whence it descends into the well, and its lower cnd, which is open, is supported on 
three short iron pegs or feet fastencd to a stone block a t  the bottom of the well. 

The working scale of the tide-gauge is one-fourth. 

Registrations were commenced on the 29th January, 1878, and have been remarkably sat is factor^ 
up to the present ; in fact, this observatory may bc held to rank first among Indian tidal observatories 
not only in respect, of the continuity of the observations but in respect of the excellence of the results 
obtained from them. 

The disturbances of the eurface of the ocean, caused by the Krakatoa volcanic eruptions, were 
rccordcd at this tidal station by the sell-registering tide-gauge on the 27th August, 1883. 







DESCRIPTION OF OBSER~ATORIES, AND VALUES OF TIDAL CONSTANT3. 3' 

Barometrical and anemometrical observations are dispensed with at  this tidal observatory, as 
those taken at the neighbouring Meteorological Observatory at Colaba supply the necessary statistics. 

The bench-mark of reference is the Standard Bench-mark, situated at the Public Works gecre- 
tariat, consisting of a three-foot cube of polished granite, the top surface of which is the plane of 
refcrence. It is 30.000 feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = XI" 36". 

The highest high water recorded was 19.2 feet above the zero of the gauge, and occurred in 
July, 1881. 

The lowest low water recorded was 0.6 foot above the zero of the gauge, and occurred in 
October, 1879. 

I n  1890 the mean range of largest ordinary springs was found to be 13.9 feet. 

The hcight of mean-sea-level above the zero of the gauge had the following values :- 
1878 ... ... ... 10.265 feet. 
1879 ... ... ... 10.184 ,, 
1880 ... ... ... 10.187 ,, 
1881 ... ... ... 10.248 ,, 
1882 ... ... ... 10.194 ,, 
1883 ... ... ... 10.257 ,, 
1884 ... ... ... 10.256 ,, 

... 1885 ... ... 10.304 ,, 
1886 ... ... 10.267 ,, ... 
1887 ... ... ... 10.210 ,, 
1888 ... ... ... 10.24'9 ,, 
1889 ... ... ... 10.209 ,, 
1890 ... ... ... 10.230 ,, 
1891 ... ... ... 10.156 ,, 
1892 ... ... 10.285 ,, ... 

N o T E . - T ~ I ~  level of the zero of the gauge at Apollo Bandar is 2.000 feet below that of the zero of the gauge at 
Prince's Dock. 



3% TIDAL OBSERVATIONS. 

Palzres of H's at B$ollo Bandat., Bonzbay. 
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Values of H's at Apollo Bandar, Bombay-(Continued). 
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TIDAL OBSERVATIONS. 

Palz~es of K ' S  at Apollo Ba~zdar ,  Bonzbay. 
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TIDAL OBSERVATIONS. 

PRINCE'S DOCK, BOMBAY. 

(Tidal Observatory, Lat .  18" 67' N., Long. 72" 50' 3.) 

Tlie tidal 01)servatory a t  Prince's Dock, Bombay, is classed as one of the minor observatories at 
wllicli five years' observations are generally considered sufficient; but its utility to the port is so great 
that  it seems likely to be kept up indefinitely. I t  is placed in the light-house tower, a solid masonry 
structure situntcd on the pier between the entrances to Prince's Dock, in the position shonn on the 
accompanying chart. A space for the reception of the float-cylinder and a connection with the see 
mere arrangcd for in building the pier: the space, twelve fect in diameter and twenty-ninc feet deep, 
forms a well, the malls of ~rhicli  carry the light-house tolvcr: a horizontal communication shaft one 
foot in  diamctcr and twenty-four feet long leaves the mell about tlircc feet above the bottom and passes 
straight into dccp water, betmcen five and six feet below the lowest recordccl tides. The float-cylinder 
is of iron, about twenty-two inches in diameter aud twenty-four feet long, whicli gives ample range for 
extrcmc tides. I t  is supported in the centre of tlic well by transverse rails built into the malls, its upper 
end rising two feet above the mouth of the mell and its lower end, which is open, being seven feet 
above the botttom. 

The working scalc of thc tide-gauge is one-twelfth. 

Registrations were commcnced on the 22nd Scptembcr, 1888, and, if those taken during the first 
four montlis (mllich were rather frequently interrupted) be excepted, have been 11igllly satisfactory. 
Such fcm and unimportant interruptions as have occurred subsequently liavc generally been due 
sligllt imprrfections of the gauge, which is a small one, with upright recording drum, of a less practical 
design than that of the gauges used a t  all other Indian tidal observatories, mhicli are of Kernmads 
pattern with long horizontal drum. 





DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 

Barometrical and anemometrical observations are dispensed with a t  this tidal observatory, as 
tho* taken at  the neighbouring Meteorological Observatory a t  Colhba supply the necessaq statistics. 

The bench-mark of reference is the Standard Bench-mark situated a t  the Public Works 
Secretariat, consisting of a three-foot cube oE polished granite, the top surface of whic11 is the plane of 
reference. I t  is 28.000 feet abovc the zero of the gauge. 

The establishment of the Port calculatcd according to the method employed by the Marine 
Survey of India = XI" 28". 

The highest high water recorded was 17.0 feet above the zero of the gauge, and occurred in 
December, 1889. 

The lowest low water recorded was 1 . 6  feet belozo tlie zero of the gauge, and occurred in  
November, 1892. 

I n  1891 the mean range of largest ordinary springs was found to be 13 .9  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

... 1888-89 ... ... 8.306 feet. 

NOTE.-The level of the zero of the gauge at Prince's Dock is 2.000 feet abovc that of the zero of the gauge at 
Apollo Bandar. 

The observatory was inspected in January, 1692, and the following remarks mere made on the 
design and working of tlie tide-gauge :- 

"As the float-band is a vcry long and thin copper ribbon, it is apt to twist. Mucl~  inconvenience 
"is causcd by the tearing of the diagram papcr by tho zcro pencil. Tllc arrangement of this pencil 
"must bc clianged. Its position is between tlie recording drum over which the diagram paper passes 

and thc cylindrical roll from wliich that paper unwinds. I t  tllereforc acts on a part of the paper mhicli 
"is not supportccl bchind. As the unn,inding roll pays out the paper, the diameter of the roll diminisltes, 
" and the unsupported surface of the papcr comes gradually forrrard and presses more and more on tlie 
"point of tlie zcro pcncil, until at last a tcar is made. This pattern of tide-gauge appcars inferior to tllat 
" in  gencml use at  Indian tidal observntorics (Ncmman's pattcrn with long lioriznntal drum). It is more 
'6co~nplicated and lial~le to gct out of ordcr. It is not so easily cleaned. Thc scale on n-hich i t  rcgistCrS 
' I  the tidal curvc is snlall and cannot be changcd. The float-band, pencil-mire and some other parts are too 
"frail. Thcrc is no arrangement for atlj~tsting tllc hcight of the curve-recor(ling pencil ; so tllat setting 
"to zero is both tron1)lcsome and tcclious. ~Ieasurcments cannot be taken from thc diagram wliile the 
"instrumcnt is worliing, 3s may oftcn be desired. I~ltcrruptions to the registrations, damage to the dia- 
" gram papcr, such as tears cnuscd by thc zero pcncil, ctc., may not become knomn until the paper is re- 
"moved, for tlte faulty or danlagctl parts may hare been rolled up on the receiving cylinder and have 
" bccome conccalcd during thc abscnce of the clcrli from the observatory." 



TIDAL OBSERVATIONS. 

7a2ues of H's at  Prince's Dock, Bombay. 
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TIDAL OBSERVATIONS. 

M O R M U G B O .  

(Tidal Observatory, Lat .  16" 25' N., Long. 73' 48' E.) 

The tidal observatory a t  the Portuguese port of Mormugko, near Goa, was one of tlie minor ob- 
servatories, a t  which five years' observations are generally suficient, and was situated on the south side 
of the iron jetty of the Harl~our  Works in the position shown on the accompanying chart. The obser- 
vatory (a small wooden cabin) and the cylindcr and tide-gauge, &c., had prcviously been in use at 
Kjrmfir, but the instrumcnts mere modified and improved before erection at Mormugjo. TIE floor of 
tlie obse~mtory, mliicli was supported on four wooden piles driven twelve feet into the ground, nas on 
a level with and braced to the platform of the jetty. The float-cylinder, which was eiglltcen feet long, 
was fixed with its upper cnd about four feet below the floor, and tliis intcrval mas filled by a wooden 
frame of nineteen and a lialf inchcs square section. Tllc top of the cylinder was about five feet above 
the I~ighest tides and tlie bottom six feet below the lowest. The communication mas by sevcn small 
bolcs drilled about eightcen inches above tile bottom of the cylinder which was closed by an iron plate. 

The working scalc of the t ide-page was one-half. 

Registrations were commenced on the 14th March, 1884, and were continued most sat,isfactorily, 
with very few and insignificant interruptions, till the 27th Marcb, 1889, when the observatory was 
dismantled. 
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DESCRIPTION OF OBSERVATORIES, AND VALVES OF TID.4L CONSTANTS. 41 

Barometrical and anernometrical observations were carried on simultaneously with the tidal oh- 
servations. Tlle barol~~etcr was placed ncar thc standard mercurial barometer in the verandah of the 
building known as tlie Palacc. 'l'l~e anemometer was erected on the top of the fort above the Palacc. 

G.T 9. 
The bench-mark of reference is inscribed A.I). u. o 18~6.  nr. and enlbedded in masonry, about two and a 11alE 

feet under the surface of the ground, and about nine feet west of t l ~ e  first emhras~~re  of the old fort 
(counting from the jetty end) near the iron pile pier. I t  is 17.823 feet above thc zero of the gauze. 

Thc establishment of tlie Port, calculated according to the method employed by the Marine 
Survey of India = XI1 33". 

lllle highest high water recorded was 9.9 feet above the zero of the gauge, and occurred in 
January, 1865. 

The lowest low water recorded mas 0.1 foot above the zero of tlrc gauge, and occurred in May, 1854. 

I n  1886 the mean range of largest ordinary springs was found to be 6 . 8  feet. 

The hcight of mean-sea-level above t l ~ e  zero of the gauge Lad the follo\ving values :- 

1884-85 ... ... ... 5 .Bl? ,  feet. 

1885-86 ... ... ... 5.577 ,, 
16S6-87 ... ... ... 5.573 ,, 
1687-86 ... . . .  ... 5 . 4 %  ,, 
1668-89 ... ... ... 5 .461  ,, 



7crlzces of H's at N o ~ ) n ~ g d o .  
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Values of K'R at M01~)~ugdo. 
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TIDAL OBSERVATIONS. 

K L R W B R .  

(Tidnl Observatof.y, L a t .  14" 48' N., Long. 74" 6' E.) 

Tlie tidal observatory a t  K6rw6r in  North ICjnara on the west coast of India was one of the 
minor observatories, a t  which five years' observations are considered suEcient, aud mas situated on the 
east side of the  Baitkul Cove, three feet away from the wharf mall, in the position sllomn on the accom- 
1)an~ing chart. I t  was a wooden structure supported by four iron screw-piles. The float-cylinder, of 
wrooglrt iron, about twenty-two inches in internal diameter, fourteen feet long, and closed a t  the bottom 
with an  iron plate, descended tlrrouglr the floor of the observatory and was sunk to a deptli of about 
one foot into the ground, there being never less than two feet of mater within it or about a foot of 
water outsidc i t  evcu a t  tlre lowest tidcs. The communication, when the gauge n as first set up, was 
through a short csternnl pipe rising from thc bottom length of the cylinder and bent so as to be hori- 
zontal a t  the top where o stop-cock, always under water, was placed, and whence about onc lrundred 
and twcnty fect of two-inch piping was carried under water, ending in a rose supported some two or 
thrcc feet above thc bottom on a tripod, and ]laving about five feet of mater above it a t  the lowest tides. 
I t  was found that by this arrangement tile flow of mater was retarded, and in the second ycar tllc 10% 

cornmunicatior~ pipc was consequently removed, tlie short bend attached to the cylinder being retained. 
The moutll of this bend was closed with a ~vooden plug perforated with a communication hole one incll 
in diameter. 

Tile working scale of the tide-gauge was one-half. 

nc$stntionr were cornrncnced on tile 1st March, 1878, and were carried on without m y  break of 
importance until tlre lb th  April, 1883. 
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The action of the tides a t  Baitkul Cove mas peculiar. At rising tide the water would continue 
to rise in the cylinder for, say, twenty minutes ; stop dead ; fall for perhaps four or five minutes; rise 
steadily for half an hour, and then repeat what had happcned bcfore. A similar action took place a t  
falling tide. I t  was not a pumping action in the cylinder due to ~Voughness of the surface water, for 
on the calmest day the peculiar motion of the water mas often most distinct. The cause of this action 
is obscure. I t  may perhaps be found in the shape of Baitliul Cove. Thc gentle currents caused to 

a Ions circulate by the ebb and flow of the tide round tlie margins of the cove may produce the vibr t '  
observed, which appear to bear some resemblance to those noticcd in other confined sheets of watcr, e.y. 
in the lake of Geneva, where there is a gentle flow of water through the lake. 

Barometrical and anemometrical observations were carried on simultaneously with the tidal oh- 
servations. The barometer mas placed in the observatory, but as that site mas not suitable for the ane- 
mometer, the latter instrument was placed about four miles off, on Devgad island, one of the Oyster Rocks, 
where the light-house is situated. 

Q.T.S. 
The bench-mark of reference is inscribed o and embedded in a block of masonry close to tlie 

B. JI. 
Travellers' Bungalom. I t  is 17'324 feet above the zero of the gauge. 

The establishment of the Port, calculated aocording to the method employed by thc Marine 
Survey of India = XI' 36". 

The highest high water recorded was 0 . 7  feet above the zero of the gauge, and occurred in 
January, 1882. 

The lowest lorn water recorded was 0 . 2  feet above the zero of the gauge, and occurred in June, 1880. 

I n  1878-79 the mean range of largest ordinary springs mas found to be 6 . 7  feet. 

The height of mean-sea-level abovc the zero of the gauge had the following valucs :- 

1878-79 . . , ... 5.G5O fcct. ... 
1879-80 ... ... 5.541 ,, ... 
1880-81 ... ... ... 5.564 ,, 
1881-82 ... ... ... 6.515 ,, 
1882-83 ... ... ... 5.402 ,, 



TIDAL OBSERVATIONS. 

Talzces of H's at Kdrwdr. 
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Paluee of K'S at Kdrwdr. 
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TIDAL OBSERVATIONS. 

B E Y P O R E .  

(Tidal Observato~~y,  Lat. 11" 10' N., Long. 7'5" 48' E.) 

The tidal observatory a t  Beypore, about seven miles south of Calicut, on the west coast of 
India, mas one of the minor observatories a t  which five years' observations arc generally considered 
suficit'nt, and mas situated on tllc northern bank of the Back-water about fifty yards south of the 
Travellers' Bungalow and some six liundred yards from the open sea, in the position shown on the 
nccon~panying chart. I t  mas a wooden cabin supported partly on piIes and partly on the wall of a 
former wharf. The iron float-cylinder, twenty-four inches in diameter and about sixteen feet long, 
n-as sunk about twelve feet into the bank of the Back-water, there being generally about seven feet 
of the  crlinder below the lon-est tides and about four feet of i t  above the highest. The communication 
was through n t ~ - o  inch iron cxternal pipe rising vertically from the cylinder near its bottom to n point 
about two feet below mean-sea-level rrhere a stop-cock, manipulated a t  high-tide, was fixed for the 
escape of air. From thc stop-cock, ahicll was enclosed in a protecting box, the pipe sloped gcntly 
dorrn~vards, first through and then over the banli into deep water, its length being about seventy feeb. 
To its outer end a further length of tv-cnty-five feet of flexlble tubing mas originally attached: this 
ended in a rose, supported so as to be about tn-elve feet below the lowest tides. But, after neal-]y two 
years' espcrienco of this contrivance, during which time there must havc been considerable retardation 
the tubing n-as examined and found choked with mild, althougll admitting water through a break in it, 
one foot beyond thc mouth of the iron pipe. The tubing and rose were therefore removed, and it was 
found that the iron pipe alone (protected a t  its mouth by a strong basket) gave, on the whole, satis- 
factory passage to the water. 

The working scale of the tide-gauge was one-half. 

Registrations were commenced on the 1st December, 1878, and, in consequence of some nn- 
certainty about tlbc accuracy of the early obscmations, mere continued to the 14th March, 1886. They 
were absolutely continuous, and so far satisfactory ; but the sgrecrnent bctween the predicted values 
of the times and heights of high and low water obtained from them and the actual values, is below 
the average. 
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The disturbances of the surface of the ocean, caused by the Krakatoa volcanic eruptions, were rccord- 
ed at this Tidal Station by the self-registering tide-gauge on the 27th August, 1883. 

Barometrical and anemometrical observations were carried on simultaneously with the tidal oh- 
servations. The barometer was placed in the observatory, but as that site was not suitable for the 
anemometer, the latter instrument was sct up on the small rocky island situated about half a mile south- 
west of the Flag-staff. 

Q. T. 9. 
The bench-mark of reference is a stone embedded in a block of masonry and markedB,PhI,, situ- 

a. 

ated about a hundred feet east of the front door of the Custom House. I t  is 19.707 feet above the zero 
of the gauge. 

The establisllment of the Port, calculated according to the method employed by the Marine 
Survey of India = XIh 16". 

The highest high water recorded was 8 . 4  feet above tho zero of the gauge, and occurred in 
January, 1882. 

The lowest low water recorded was 1 . 9  feet above the zero of the gauge, and occurred in May, 
1884. 

In  1878-79 the mean range of largcst ordina1.y springs was found to be 4 . 1  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1878-79 ... ... ... 5.385 feet. 

1879-80 ... ... ... 6.392 ,, 
1880-81 , . * ... ... 6.412 ,, 
1881-82 . ..a e n .  ... 5.412 ,, 
1882-83 ... ... ... 5.395 ,, 
1883-84 ... ... ... 5.301 ,, 



TIDAL OBSERVATIONS. 

Falzces of H'a at Beypore. 
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TIDAL OBSERVATIOXS. 

C O C H I N .  

(Tidal Obset.vatory, Zat.  9" N., Long. 76' 16' 3.) 

The tidal observatory a t  Cocbin, the southernmost tidal observatory on the west coast of India, 
was one of tlie minor observatories a t  which five years' observations are generally considered su5cicnt. 
I t   as situated in the town, and within the Store-yard of the Marine Department, on the left or southern 
bank of what is known as tlie Coclrin River (a passage from the backwater to the sea dividing Vypin 
from tlic town of Cochin), in the position shown on the accompanying chart. It mas a wooden cabin 
snpported on tlie bank by nine short pilcs. The float-cylinder was twenty-four inches in diameter and 
twelve feet long and was sunk nine feet in the bank so that its lower end shouId be about four feet 
below tlie lowest tides and its upper cnd about four feet above tlie highest. Both observatory and 
cylindcr n-ere brought from Beypore sftcr the dismantling of the tidal observatory a t  that station in 
March, 1885 ; three out of the four lengths forming the cylinder being utilised. The communication 
was tlirougb n stmight, horizontal, three-inch pipe, thirty-six feet long, mliicli left the cylinder two feet 
a b o ~ c  its bottom and after passing through about ten feet of the bank entercd tlie water about two feet 
below the lon-est tides. I ts  outer end was about one foot above the river-bed and was fitted originally 
with a rose ; but aftcr being over four years in nse, the rose, which mas greatly corroded, fcll off, a 
basket was substituted for it and found to answer. 

The working scale of tlie tide-gauge was the natural scale. 

Registrations werc commenced on tho 26th January, 1886, and continued satisfactorily until the 
9th of tllc following July, wllen the driving clock stopped and could not be set going again for allout a 
fortnight. On tlle 4th April, 1887, during boistcrous weather, a surprising accumulation of sand formed 
over the mouth of the comniunication pipe and in spite of strenuous, but unavailing, efforts to clear it 
m a y ,  rendered the tidal curves inaccurate and interrupted until the 26th of the following month nrhcn 
the action of the w t c r  uncxprctedlp removed the accumulation. After this, the registrations wero 
llighly mtisfactory until tlicir close, on tlie 20th March, 1892, wllen an extra year's observations (taken 
in consideration of the imperfections mentioned) were completed. 
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DESCRIPTION OF ORSERVATORIES, AND T'ALUES OF TIDAL COXST.iNT3. i 3 

Occasional very rapid cllanges of level of tlie water to the extent of about a foot-due to squalls- 
are a feature of t l ~ e  Cochin tides. 

Barometrical and anemornct,~.ical obscrrations mere carried on simllltaneously wit11 the tidal ob- 
srrvations. Tho barometer was placed i l l  the obscrvatory ; but as t l ~ a t  site m:rs not s11ita1)le for the ane- 
mon~ctcr, tllc latter instrument was set up about half a mile away, on a mound close to, and X.W. of 
tbc Light-house. 

Tlic, bench-mark of reference is a granite stone, six feet long and two and a half feet broad, in- 
Q.T.S. 

scribed A , and embedded in a, block of masonry in the centre oE tlie verandah of the Port Olficc, 
H.N. 

wl~ich is about fifty yards soutl~ of the site of the tidal obser\~atorg. I t  is 6.93 feet above the zrro of 
tlie gauge. 

The esfablislllnent of tlie Port, calculated according to the method employed by the Marine 
Survey of India = XI1' 26"'. 

Tlie highest high water recorded was 4.7 feet above the zero of the gauge, and occurred in 
December, 1887. 

The lowest low mater recorded mas 0 . 2  foot be2ozo tlie zero of the gauge, and occurred in Blay, 
1869. 

In 1590 tlie mean range of largest ordiuarp springs was found t,o be 3 . 2  feet. 

The I~eigllt of mean-sea-lcrel above the zero of the gauge liad the follonring values :- 

1586-87 ... ... ... 2.422 fec:t. 

1687-88 , . . ... ... 2.359 ,, 

18E8-89 ... ... ... 2.307 ,, 
1869-90 ... ... ... 2.421 ,, 
1890-91 ... ... ,.. 2.345 ,, 
1691-92 ... ... ... 2.331 ,, 



TIDAL OBSERVBTIONS. 
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TIDAL OBSERVATIONS. 

T U T I C O R I N .  

(Tidnl Observntory, Lnt .  9" 48' N., Long. 78" 9' E.) 

The tidal observntory nt Tuticorin on the western shore of the Gulf of Manar, and the southern- 
most tidal observatory on tlie east coast of India, is one of the minor observatories a t  which five yrars' 
obser~ations are considered suficient. I t  is situated in the north re-entering angle of the T-hcad of the 
Gorernment Jetty, in tlic position shown on the accompanying chart. It is a well-constructed wooden 
cabin supported on stout piles. It is isolotrd from tlie jetty, and madc safe from tlie impact of boats 
1 ) ~  outer piles braced together. Tlie iron float-cylinder is twenty-four inclies in diarncter and cigllt feet 
long. I t  is snspended from its upper flange n liicll rests on the strongly-framed floor of tlie obser~atory~ 
three feet above the liigbest tidcs: its lower portion is firmly secured l)y iron bars extending to tlln 
sup~)ortirlg pilcs: its bottom is closed n-it11 an iron plate cor1t:tining five half-inch perforations for tllo 
passage of tlie water, and is about one foot below the lowest tides. 

Tlie working scale of tlie tide-gaugt: is tho natural scale. 

Rvgistmtions were comrnenccd on the 1st June, 1888, and ]rave been proceeding most satisfactorily 
UP to tile present. A feature of the Tuticorin tidcs is tlieir great susceptibilit,y to the influence of tho 
~ i l l d ;  slldtlcn changes of t l ~ e  level of tlie water, as much as a, foot in nn l~our,  due to wind, llaring 
hcen recorded. Anotller peculiarity of the Tuticorin tides, and of the tidos in  the Gulf of Mannr 
gcnclall!, is that, contrary to what might be expected, thc mean-sea-lcvcl during tlie soutll-west monsoon 
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DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 5 7 

is considerably lower than during the north-east monsoon. The yearly mean rangc of the tide in the GulF 
is less than two feet, but during August the monthly mean value of mean-sea-level falls lower than 
during December by as much as 10.6 inches. This well illustrates the fact that tidal ohscrvntions 
taken during one lunation only, may not, as it is sometimes assumed thcy do, supply a good working 
valuc of mean-sea-lcvel for spirit-lcvelling purposes. 

Barometrical and anemometrical observations have been carried on simultaneously with tllc tidal 
observations. Tlie baromcter mas placed in the observatory and thc anemometer on the top of the same 
building. 

Q.T.8. 
The bench-mark of reference is a stone inscribed o and set flush v i th  tlie level of thc vcrnnclnli 

B.M. 
floor immediately under the staircase of the Port Ofice. I t  is 9.063 feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine Survey 
of India = I" 28"'. 

'The highest high water recorded was 4.5  feet above the zero of thc gauge, and occurred in 
April, 1693. 

The lowest low water recorded was 0 . 1  foot belozo the zero of the gauge, and occul-red in 
June, 1891. 

I n  1890-91 the mean range of largest ordinary springs was found to be 3 . 2  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1888-89 ... ... ... 2.091 feet. 

1889-90 ... ... ... 2.186 ,, 
1890-91 ... ... ... 2.149 ,, 
1891-92 ... ... ... 2.074 ,, 



TIDAL OBSERVATIONS. 

Values of H's at Tuticorilz. 
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TIDAL OBSERVATIONS. 

M I N I C O Y .  

(Tidal Obseruatory, Lat .  8" 17' N., Lo~tg. 73" 3' E.) 

Minicoy is a solitary coral island situated in the Indian Ocean between the 8" and 9" channels, 
two hundred and seventy nautical miles west of Cape Comorin. The tidal observatory is one of the 
minor observatories, a t  which five years' observations are considered sufficient, and special interest attaches 
to i t  owing to its position in mid-ocean. It stands within the lagoon, in the position shown on the 
accompanying chart, one hundred and ten feet from the shore, and oppositc the kacheri, at  the southern 
end of the only village on the island. I t  is a wooden cabin, ten feet square, resting on a stout level 
framework of cocoanut logs supported on nine cocoanut piles sixteen or seventeen feet long, well driven 
into the sand and coral, and firmly braccd. The float-cylinder is a massive iron drainage pipe, twent,Y 
incllcs in intcrnal diametcr and twelve and a half feet long, braced firmly to the piles by beams, and having 
its bottom about two and a half feet below lowest tides and its top about six feet above higllest. Its 
bottom is plugged with a perforated wooden disc and rests on a large stonc block wl~ose upper face is 
grooved to take the rim and hollowed out under the centre of the cylinder, the hollow bciag C~nncctcd 
by openings on cnch sidc with the external water which has thus free comrnunication with tho float. 

The working scale of the tide-gauge is one-half. 

Registrations were commcnced on the 12th January, 11391, and haye been highly sat is factor^ up 
to the present. 
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Barometrical and anemometrical observations are being carried on simultaneously with the tidal 
observations. The barometer was placed in the obscrvatory, but as that sitc was unsuitable for the 
anemometer, the lattcr instrument mas set up two miles north of the tidal observatory on a s l i ~ h t  
elevation which is exceptionally open, and free from tall trees. 

Q.T.S. 
The bench-mark of reference is a stone inscribed A.  embedded one hundred and thirteen and a 

B.M. 

half feet east of the N.E. corner of the kacheri. It is 10.046 feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = XI' 52"'. 

The highest high water recorded mas 7.7 feet above the zero of the gauge, and occurred in 
January, 1893. 

The lowest low water recorded was 1.8 feet above the zero of the gauge, and occurred in November, 
1892. 

I n  1891-92 the mean range of largest ordinary springs was found to be 4.0 feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1891-92 ..* ... ... 6.174 feet. 

1892-93 ... ... ... 6.269 ,, 
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Palues of H's and K'S at Minicoy. 
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DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 

G A L L E .  

(Ticlal Obsevvato~y, Lat .  6' 2' N., Long. 80" 13' E.) 

The tidal observatory a t  Galle, near the sout11ei.n extremity of the west coast of Ceylon, mas one 
of the millor observatories a t  mliicli five years' observations are generally considered sufficient, and was 
situated in the angle formed by the T-hcad of the end of the landing pier, in the position shown on the 
accompanying chart. I t  was a small rrooden cabin having its floor on a level with that of the pier and 
isolated from it, and was supported on four piles protected by copper slieathing from the action of the 
water. The float-cylinder was twenty-two inches in diameter and eleven feet long, formed in  two sections. 
The lomcr section, nine feet long, was of iron and rested on the bed of the harbour which is about three 
and a half feet below lowest tides : the upper, two fect long, mas of mood and had its top on a level with 
tho floor of the observatory, about three feet above highest tides. The communication was through tn.0 
small holes near the bottom of the cylinder. 

The working scale of the tide-gauge was the natural scale. 

R~gistrations were commcnccd on the 23rd March, 1884. I n  September of the same year rough 
wcathcr displaced tlie cylindcr, and caused about a fortnight's interruption to the observations. The 
water mas found to have a very corrosive action on the iron of the cylinder. Holes due to this cause 
began to appear, and in July of the following year the cylinder had to be repaired a t  the cost of n rreek's 
break in thc obscrvations. I n  Deccmber, 1686, t,he cylinder had become useless through corrosion and 
there mas a month's break in tlie obscrvations mliilc it was being renewed. After this, for nearly two 
years, thc registrations were satisfactory, but bctwecn Novembe~, 1888, and June, 1889, they suffered 
many sl~ort interruptions due to various causes, and thc curves for about nine weeks preceding the latter 
date (owing to tlic corrosion of the bottom of thc cylinder and the consequent excessive flow of mater 

tbrougli opcnings so madc) wcrc rendcrcd difficult to read from the great oscillation of the pencil. It 
was considercd expedient to extend the observations to the 8th April, 1890, when the observatory mas 
disrnantlcd after having been in operation for six years. 



64 TIDAL OBSERVATIOXS. 

Barometricd and anemometrical observations were carried on simult,aneously with tho tidal 
servations. Tho barometer mas placed in the observatory. The anemometer after being at work for 
year on tile t,op of the same building was removcd to the top of the signal house on the southern ram. 
part of the Port, a much better position for it. 

G. T. 0. 
The bench-mark of referenco is a stone embedded in a block of masonry and inscribed 

,OM, ; it 
d.1). 1884. 

is situated four foet outside the Fort-wall and nine feet east of the northern gateway through ~vhich the 
road from the landing-pier enters the Fort, and on the wall of the Fort just opposite the-bench-mark, 

the inscription tTg, has been cut. The bench-mark is 7 710 feet above thc zero of the gaugc. 

The establishment of the Port, calculated according to tho method employed by the Marine 
Surrey of India = 11" 3". 

The highest high water recorded mas 4.9 feet above the zero of the gauge, and occurred in 
December, 1889. 

The lowest low water recorded mas 0.7 foot above the zero of the gauge, and occurred in July, 1886. 

I n  1889 the mean range of largest ordinary springs was 2 .3  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1884-86 ... ... ... 2 -656 feet. 

... 1685-86 ,.. ,., 2.700 ,, 
1886-87 ... ... ... 2.679 ,, 

... 1887-88 ,.. .., 2.606 ,, 

... 1888-89 .., .., 2.670 ,, 

... ... 1889-90 ... 2.685 ,, 
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Values of H's at  Galle. 
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Palzces of u's at Oalle. 





DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 

C O L O M B O .  

(Titla1 Obsevvatovy, Lut. 6' 67' N., Long. 79" 61' 3.) 

The tidal observatory a t  Colombo, on tlie west coast of Ceylon, was one of tbe minor observa- 
tories at  mllich five years' observations are generally considercd sufficient, and mas situated OVI... the 
small water-space bctmecn the end of tlie Import Jetty and the masonry pedestal of the largi, crane 
in front of thc Master Attendant's and Customs Offices, in thc position s11on.n on the accompanying 
chart. I t  was thc wooden cabin previously used at  Plimban, but reduced in size to fit the ratlicr cramped 
space available for its rcception. I t  was fixctl on substantial cross bcams each of mllicll rested a t  f ist  
wit11 onc of its ends on thc beams of t l ~ c  Jctty and the other inserted in tlie pedestal of the crane; 
but after a year's trial it was found necessary to isolate the observatory as thc shocks caused by boats 
striliillg against tho Jetty stopped the driving clock. Pilcs mere therefore driven to act as supports in  
lieu of the Jetty, and thc cross bcams were securely fixcd to them and into tlie pedestal of tlie crane, an  
arrangement which was found to givc thc necessary stability. Thc float-cylinder mas of iron, tmenty- 
two inchcs in diameter and clcven fcct long. I ts  top projected about six inches above the floor of 
the observatory and mas four fcet above t l ~ c  liighest tidcs ; and its bottom, which was closed, rested on 
stones laid on tlic bcd of the harbour, and mas t n o  and a half feet below thc lowest tides. The 
con~lnunication was a t  first through a holc, covered with a perforated copper nozzle, close to the 
bottom of tho cylinder. After trial for about a year and a half this arrangement had to be discarded 
as the pcncil was found to oscillatc to such an extcnt as to make the tidal curves almost illegible. In 
lieu of it, a short crtternal pipe in two pieces and bent downwards was fitted to the hole. I t s  lower 
piccc mas fitted within with a wooden block having a half-inch tube passing through its centre, a t  the 
top and bottom of which a rose was attached. This nrrangcment made the curves legible; but i t  mas 
troublcsomc, as the pipe frequently became choked, and rotarclation was caused. 

The working scale of the tide-gauge mas the natural scale. 
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Registmtions Tere commenced on the 24th January, 1884. I n  September of the same year 
about a fortnight's observations hncl to be rejected owing to retardation. For a similar reason tile 
curves bet,wecn the 1st Novciltbcr and 5th December, 18S5, and those between the 21st Octobel. and 
18tll November, 1889, liad also to be rcjectccl-otller~vise the registrations may be considered satisfactory, 
The obser~atory mas closed on the 29th Ifarch, 1890, aftcr a periocl of six years' observations, it being 
found convenient to close both tlie Colombo and Galle tidal observatories about tlie same time. 

Barometrical and anemometl.icn1 observations mere not taken, as the Colombo meteorological 
statistics are obtainable from the Surveyor General of Ceylon. 

C). T. 9. 
The bench-mark of reference is a stone engraved o emhedded six inches under ground in 

U. bI. 

block of masonry, close under the outer wall of the double flight of steps leading (on the Harbour 
sidc) to the Customs IIonse and Master Attendant's Office, and ten and a half feet east of the lowest 
step of the westcrn flight. Just  above the bench-mark there is a slab of cement let into the wall 

G T S. 
bearing the inscription u M. The bench-mark is 10.075 feet above the zcro of the gauge. 

Bclorr. 

Tho establishment of the Port, calculated according to the method employed by the Marinc 
Survey of India = I" 50". 

The highest high water recorded mas 4.4 feet above the zero of the gauge, and occurred in 
October, 1886. 

The lovcst low water recorded mas 0.3 foot above the zcro of the gauge, and occurred in 
September, 1868. 

I n  1889-90 thc mean range of largest ordinary springs mas found to be 2 .6  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1884-85 ... ... ... 2.208 feet. 

... 1855-86 ... ... 2.2G1 ,, 

. . .  1886-57 . . .  ... 2.304 ,, 

... 1887-88 ... ... 2.199 ,, 
... ... 1888-80 ... 2.112 ,, 

... 1889-00 ... ... 2.21G ,, 
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Palues of H's at Colonabo. 
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DESCRIPTION OF OBSERVATORIE8, AND VALUES OF TIDAL CONSTANTS. 

T R I N C O M A L E E .  

(Tidal Obse~uatory, Lat.  8" 33' N., Long. 81' 13' 3.) 

The tidal observatory a t  Trincomalee, on the north-east coast of Ceylon, is one of the minor 
observatories at which fivc ycars' observations are considered suficient, and is situated on the small 
stone wharf a t  the south end of the Naval Dockyard on the east side of Trincomalee Harbour, in the 
position shewn on the accompanying chart. It is twelve feet square, mith wooden walls and a tiled 
roof. Half the building rests on the wharf wall, to which i t  is secured by iron bolts, while the other 
half, which projects bcyond thc wharf, is supported by three iron struts thrown out from the wall. 
Thc float-cylinder is a massive iron drainage pipe twenty inches in internal diameter and twelve and 
a half feet long. Its top rises one foot four inches above the floor of the observatory, and is three feet 
above thc highest tides ; and the bottom, which is closed with an iron-wood plug, is five and a half feet 
below the lowest tides, and rests on three stout iron pegs driven into the bed of the harbour above 
which they project about nine inches. The communication is through five perforations (each an inch 
in diameter) in thc iron-mood plug at  the bottom of the cylinder. 

The working scale of the tide-gauge is the natural scale. 

Registrations were commenced on the 10th Novembcr, 1890, and have been very satisfactory up 
to the present. 

Barometrical and anemometrical observations are being carried on simultaneously mith the tidal 
observations. The barometer has been set up in the tidal observatory. The anemometer mas a t  fist 
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I the roof of the same building and worked there until the 9th March, 1893, when it mas removed 
the top of Fort Ostenburg immediately above the Dockyard, a much better position as it is exposed 
the mind from every quarter, whereas the tidal observatory is much shut in. 

The bench-mark of reference is on a large stone in the wharf mall of the Naval Dockyard, 
G. T. 9. 

twenty-five feet from the tidal observatory door, bearing the inscription e:; . It is 5.900 feet abovethe 
- -. 
1890. 

zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = IX1' 23'". 

The highest high water recorded was 4.3 feet above the zero of the gauge, and occurrcd in 
November, 1892. 

The lowest low water recorded was 0.2 foot above the zero of the gauge, and occurred in March, 
1892. 

I n  1890-91 the mean range of largest ordinary springs was found to be 2.1 feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

... 1890-91 ... ... 1.842 feet. 

... 1891 ... ... 1.826 ,, 

... 1892 ... ... 2.043 ,, 
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TIDAL OBSERTATIONS. 

P A M B A N .  

( P ~ X B A N  PASS.) 

(Tidal Obse?.vatovy, Lat.  9" 16' N., Long. 79" 12' E.) 

PBmban Pass is tlie channel connecting the Gulf of Manar and Palk Straits, and separating the 
island of RBmesvaram (adjoining i t  on the east) from a remarkable, straight reef of rocks (immediately 
on its ~ e s t )  called the Great Dam, which extends westwards for a mile and a quarter and then joins the 
coast of India a t  the point known as Toni-turei. The tidal obserratory was situated on the mestern 
shore of RBmesvaram, about half a mile south of the town of PBmban and a hundred yards south of 
the Telegraph Cable House, in the position shown on the accompanying chart, and mas one of the minor 
observatories a t  whicli five years' observations are considered sufficient. It mas a wooden cabin, twelve 
feet square, supported on six piles driven about five feet into the sand, and having its floor well above 
lligh water. The float-cylinder mas of iron, twenty-two inches in diameter and nine feet long. The 
top was about a foot above the floor of the observatory and about two feet above highest tides, and the 
1)ottom (which was closed) was sunk in the sand and was about three feet below lowest tides. The 
communication mas through a two-inch pipe, eighty-one feet in length, and bent so as to form a 6 i ~ h ~ ~ l  
the fist Uty-six feet of it being iron piping and the outer twenty-five feet being flexible tubing. The 
short branch left the cylinder about one and a half feet above the bottom and rose about three feet vsrtl- 
cally to a point where an  air cock was placed a t  about mean-sea-level; from this point the pipe sloped 
downwards into deep water and ended, about ten feet below the lowest tides, in a rose supported On a 
tripod. 

The working scale of the tide-gauge mas the natural scale. 

Registrations were commenced on the 1st October, 1878. I n  December of the same year, during 
bad weather, the piles of the observatory mere denuded of their supporting sand, but prompt measure3 
being bken ,  no interruption occurred. I n  January, February and March, 1880, air got into the commu- 
nication pipe through the packing mund the joints and caused a small amount of retardstion In lssl 
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there were several short stoppages caused by accidents to various parts of the mecllanism of the tide-gauge : 
and finally, in February, 1882, parts of the communication pipe having been eaten into holes had to be 
renewed thus causing an interruption of work for three days. The observations were continued until 
the Y8th December, 1882, when heavy weather endangered the safety of the observatory, and the 
instruments had to be removed. The necessary strengthening of the observatory would have caused a 
large break in the fifth year's observations, and as four years' satisfactory registrations had been obtained 
i t  was not thought necessary to extend the observations further. Tlle disturbances of the surface of the 
occan caused by an earthquake whose centre lay between Port Blair and Car Nicobar were recorded a t  
this station by the self-registering tide-gauge on the 31st December, 1881. 

Barometrical and anemometrical observations were carried on simultaneously with thc tidal ob- 
servations. The barometer was placed in  the observatory and the anemometer on the top of the same 
building. 

The bench-mark of reference is a stone embedded in a block of masonry close to the western wall 
G.T. 9. 

of the Telegraph Cable House and mirked DoBf,. It is 10.18 feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = Ih 48". 

The highest high water recorded was 4.8 feet above the zero of the gauge, and occurred in 
December, 1880. 

The lowest low water recorded was 0 . 9  foot above the zero of the gauge, and occurred in  August, 
1880. 

I n  1878-79 the mean range of largest ordinary springs n.as found to be 2 .6  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1878-79 ... ... ... 2.666 feet. 

1879-80 ... ... 2.707 ,, ... 
1880-81 ... ... 2.769 ,, ... 
1881-82 ... ... ... 2.705 ,, 
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Palues of H's at Pdntban. 
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Palzcee of K'S at Pdmban. 
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TIDAL OBSERVATIONS. 

N E G A P A T A M .  

(Tidnl Obse~,vatoly, La!.  10' 46' N., Long. 79" 61' E.) 

The tidal observatory a t  Negapatam a t  the soutlrern extremity of the Coromandel Coast of India 
was one of the minor observatories a t  ~vl~icl l  fivc >cars' observations are generally considered safficirnt, 
and was situated on the south sidc of the back~vatt~r locally called Kadavciir, and about a hundred yard9 
cast of the Quay  all, in the position shown on tlrc accompanying chart. I t  was a wooden cabin built 
on piles driven about eight feet into the ground, and Iraviog its floor n1,out t l~ree feet above lli~llest 
tides. Instead of an iron float-cylinder a strong tcqk casing about two feet squarc in section and twelve 
feet long, protected by slreet copper, n-as used. 'I'lic top of the casing was about tliree and a half feet 
above the highest tides and the bottom an equal distarlrc below t l ~ e  lowest tides. The communication 
mas through lroles pierced in the casing about two feet below the lowest tides. 

The working scale of the tide-gauge was the natural scale. 

Registrations were commenced on the 1st November, 1681, but were not properly recorded until 
tile 6th of the following month. They were then satisfactory till November, 1883; but about that time 
tllc' o1)scrvntions were quite vitiated owing to the extreme retardation caused by n serious accumulation 
ol'sand round the float-casing. Attempts were madc to clear away t l ~ e  sand, and improve the commlmi* 
cation bg boi.ing more lloles in the casing and using n copper communication pipe about eleven 
but the observations continued to be untrustworthy until March, 1886, when the natural conditsions 
11.d caused tlie accumulation seem to have changed, and the ensing a s s  again left free and was with 
lll1lcll care kept so until tlie 30th April, 1868, when the observations were completed and the ol)servator~ 
clos~(1. Tlle Fears iu wlrich the observations wore satisfactory and have been accepted are 1881-82' 
1882-83, 1885-86, 1886-87, 1887-88. 
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The disturbances of the surface of tlie ocean, caused by an earthquake wl~ose centre lay between 
Port Blair and Car Nicobar, mere rccorded a t  this station by tlic self-registering tide-gauge on the 31st 
December, 1881, and thosc caused by the Krakatoa volcanic eruptions were similarly recorded on the 
27th ~ u g u s t , ,  1883. 

Barometrical and anemomctrical observations were carried on simultaneously with the tidal 
observations. The barometer was placed in the observatory and t.he anemometer on the top of the same 
building. 

The bench-mark'of reference is a flag stone embedded in  the verandah of the Port O5ce  and 
Q. T. 9. 

opposite the Custom Office window, and engraved o A. I t  is 11.605 feet above the zeroof the gauge. 
B.31. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = IX" On'. 

The highest high water recorded was 5 . 1  feet above the zero of the gauge, and occurred in 
November, 1686. 

The lowest low water recorded was identical with the zero of the gauge, and occurred in August, 
1865. 

I n  1881-82 tlie mean range of largest ordinary springs was found to be 2 . 6  feet. 

The lieigl~t of mean-sea-lcvel above t l ~ e  zero of the gauge had thc following values :- 

... 1881-82 ... ... 1.096 feet. 

1882-83 ... . . a  ... 2.048 ,, 
1SS5-86 ... . .a  ... 1.811 ,, 
1886-87 ... ... ... 2.048 ,, 
1687-88 ... .., ... 2.047 ,, 
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Palues of H's at Negapatam. 
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l7ulues of K'S at Negapatum. 
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lower end was about ten fcet above the harbour-bed and about six fcet below lowest tides. It  wae 
held in position vertically by tllree upright iron bars driven to a dtb~~tli of about nine feet into the  
llarbour-bed, and the whole was attached by s system of chain lashings to the contiguous piles of tlie 
pier. The communication was through a double rose protecting tlie bottom of the cylinder from sand 
and sea-meed, above which, and plugging the cylinder, mas a wooden block through which a central 
hole one inch in diameter Ilad been drilled, and whicli was capped by a copper cone in tile apex of 
rnhicll there was a small perforation an  eighth of an inch in diameter to hinder the momentary undula- 
tions of the extcrnal water 1)eing transmitted to tlle float. A specially constructed float was c ~ ~ ~ l ~ l o y ( ~ ( l ,  
six inches in diametcr and tliree feet long, weiglrted a t  the bottom so as to reruain vertical. ' lhc float- 
band after passing up from the float ovcr tllc stud-wheel went down into a vertical pipe made for the 
reception of a specially devised counterpoise. The pipe, nrl~iclr \\.as of three-inch bore, nine fcet lor~g, 
and closed a t  bottom, mas fixed a couple of fcet below the stud-wheel and passed down through the floor 
of the observatory. 

The working scde of the tide-gauge mas the natural scale. 

Registrations mcre commenced on tlic 1st Pcbruary, 1860. The gauge with which they mere 
taken was modified to suit the peculiarities of tlre float and float-cylinder, the modification precluding 
the possibility of changing the worlting scale, so t l ~ a t  spccial armngenicnts had to be made in order to  
register the extreme tides, whicli went bcyond the limits of tlie rccording drum. Tlrc gauge 117orked 
continuously during the first ycar and tlie registrations during the second mere only interrupted for one 
period of scventren days while tllc cylinder \Ifas being cleaned. Tliere were many intt,rruptions after- 
wards, and a11 along there mas probably considerable retardation, tlrougli (owing to the sill-f, which 
rendered readings to a graduated staff impossil~lc) i t  conld not be measured. 011 t l ~ e  whole, owing to 
faults of design, to the cl~oking of thc double rosc arc1 minute communication I~ole, to friction of the  
stud-wl~eel and bctnleen the cylir~drr and float, wllicl~ bccame covered with marine incrustations, t o  
tlre srn:~ll sizc of tlle float, to thc counterpoise arrangcmer~t, and above all to t l ~ e  constant stopping of 
t l ~ e  driving clocli from slioclts car~scd by tlie traffic on tlre pier, tlre obserrations cannot be considered 
sntisfnctory. T11c.y were discontinued on the l0tJi Ootobc.r, 1690; but  the illadms Govcrnmcnt have 
rcwntly conscntcd to their resumption on tlre lines fol1011,ed at, otllcr i~nportnnt tidal stntioris, ' a t  first 
temporarily, at the iron pier, and evel~tuall~-, as a peruianent measure, in a properly desig~led tidal 
ol~servstory on ouc of the arnis of t l ~ c  IIarbour. 

The disturbances of t,hc surface of the ocean, cansctl by an c.art11qualte ml~ose ccntre lay hrtwccn 
Port Blair m ~ d  Car Nicol~ar, ucrc rccortlcd a t  tl~iq titlnl station 11s tlic sclf-rcgistc,rin,n titlc-gauge on tlie 
31st Ilcccmbcr, 1861, a11t1 thosc caused by tlie ICraltatoa volcanic eruptions were similarly recorded 
on the 27th August, 1683. 

Baromctricsl, but not anemomctrical observat,ions merc takcn in the Port Officc. Tlrey were not 
sat,isfacto~.y; but all rcquisitc nictcorological statistics can be obtained from the Astronomical and 
Meteorological Obscrvator~es. 

G ,IV s. 
Tlic bench-mark of rcfcrcnce consists of t l ~ c  inscription - 0- cut on the west side of t,he Madras 

II fll. 

TVlen~orinl Stonc laic1 11y II. R. IIighncss tllc Priricc of llTalcs on t l ~ c  16th Deceml)cbr, lS'i6, ns n. memo- 
rial of tlie commcnccmcnt of the Madras Harbour Works. I t  is 17 95 fcet above tllc zoru of tlie gauge. 

Tlic cst,nl)lislrmcnt of the Port, calculated according to t l ~ e  method employed by the Marine 
Survey of India = IS11 1". 

Tllc Irigllcst high water rccordcd was 6.3 fcct abovc thc zero of tllc gaugc, and occurred i n  
November, 1889. 



TIDAL OBSERVATIONS. 

The lowest low water recorded was 0.3 foot below the zero of the gauge, and occurred in April, 1882, 

In  1880-81 the mean range of largest ordinary springs was found to be 3.6 feet. 

Tho height of mean-sea-level above the zero of the gauge had the following values:- 

... ... 1680-81 ... 2.261 feet. 

... 1881-82 ... ... 2.209 ,, 

... .. 1882-83 ... ... 2.179 

... ,, ... 1883-84 .., 2.180 

... ,, 1884-85 ... ... 2.134 

... .. 1885-86 ... ... 2.051 

... .. ... 1886-S7 ... 2.320 

... ., ... 1887-88 ... 2.266 

... .. 1888-89 ... .-. 2.  133 

... .. ... 1889-90 ... 2.353 
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Paluee of H's at Madrue. 
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Pcrlzces of H's n t  iVad?.cte-(Continued). 
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P(tlties of K'S at  Xccclrne. 
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DESCBIPTION OF OBSERVATORIES, AND VALUE9 OF TIDAL CONSTANTB. 

' C O C A N A D A .  
. . .  . . .  . . 

(Tidal Obsevvutovy, Lat.  16" 66' I?., Lotzg. 8 9  15' B.) 

The t,idal observatory at  Cocanada, on the cast coast of India, near the mouth of the Godiivari, 
was one of the minor observatories a t  which five years' observations are considered sufficient, and mas 
situated on the northern bank of the Godjvari Canal, twenty feet froin the bank and near the Port 
05cet1s  landing jetty, in tlie position shown on t l ~ e  accompanying chart. I t  was a wooden cabin 
resting on piles about sixteen feet long driven fire feet into the mud. The obscrvatory and the instru- 
nlents contained in it, including the iron float-cylinder, had been used before at  Vizagapatam. The 
float-cylinder was tnlenty-two inches in internal diameter and twelve fect long, a wooden addition 
three feet long above it. It mas supported Ily iron collars and rods attached to the piles on which tlie 
obscrvatory rested. The bottom of the cylinder was about four feet below the lowest tides and the wooden 
top about two feet above the highest. The communication IVXS by a short bent pipe which left the  
cylinder about nine inches above the bottom, aud after turning upwards for about a foot ended in  a rose 
two feet bclow tllc lowest tides. 

The working scale of tlie tide-gauge was one-half. 

Registrations mcre commenced on t l ~ e  31st March, 1886. For the first three years they mere 
absolutrly without interruption, and tllc fcw sul~sequcnt stoppages mere quite insignificant. Five years' 
perfectly satisfactory observations mere completed on the 18th April, 1891, and the observatory was then 
dismantled. 

Baromet.rica1 acd anemometrical observations were carried on simultaneously mith the tidal 
observations. The baromctcr mas placed in the Port Office and the anemometer on the roof of the 
samc building. 
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Q. T. 8. 
The bench-mark of reference is a stone inscribed o A, embedded in a block of masonry, 

B. M. 

near the S.E. corner of the Port Office, and three feet away from the compound mall. It  is 11.298 
feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Surrey of India = VIII" 50"'. 

The highest high matcr recorded was 9.9 feet above the zero of the gauge, and occurred in 
November, 1886. 

The lowest lorn water recorded was 1 .4  feet above the zero of the gauge, and occurred in March, 
1588. 

I n  1890-91 the mean range of largest ordinary springs was found to be 6.0 feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

... ... 18S6-87 ... 6'488 feet. 
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Pallcee of K'S at Cocanada. 
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V I Z A G A P A T A M .  

(Tidal  Observatory, Lat .  176 41' N., Long. 83" 17' B.) 

The tidal observatory at  Vizagapatam, about the centre of the east coast of India, mas one of 
the minor observatories, a t  wliich five years' observations are generally considered sufficient, and was 
situated on tlie northcrn bank of the baclr-water, about fifty yards west of the landing or " bandar" 
house, in the position shown on the accompanying chart. It was a wooden structure, of the usual 
substantial kind, supported a t  its outer end on piles and at  its inner cnd on a wharf  all. The flooring 
was intended to be well above thc water at  all times ; but on one occasion, the 6th December, 1878, a 
violent storm, assisted by the flooding of the river from inland rains, raised the water into the observatoi~, 
and did serious damage, including the displacemeut of the float-cylincler. The cylinder was of iron, 
twenty-two inches in internal diameter and twelve feet long. After its displacement by the storm, its 
bottom was bolted to a huge flat stone and its upper end was secured by beams to the observatory floor. 
There were then two feet of the cylindcr belonr the lowest tides and tliree feet of it above the highest, 
except when the water was raised by storms. The communication was a t  first by a two-inch piping 
thirty feet long, partly of iron and partly of flexible tubing, terminating in a rose ten feet bclom the 
lowest tides; but after two years' experience of i t  this arrangement was found to be unnecessary, and 
direct communication through the rose, fixed to the inlct-hole near the bottom of the cylinder, was 
substituted for it. 

The mor!ting scale of the tide-gauge was one-half. 

Registrations were commenccd originally in August, 1878, and were proceeding satisfactorily 
when thc storm abovc-mcntioned occurred. Tho dan~agc caused by i t  mas repaired and work Tvas 
restarted at  the beginning of February, 1870, all preceding registrations bcing rejected. The record 
from the 3rd February, 1870, on which day the accepted registrations commcncccl, mas satisfactory until 
the 7th November, 1882, whcn two months wcrc devoted to repairing tlic piles: at  the end of 1683 
tlierc., mere several interruptions, but as a mhole the rccord was good until the dismantling of the obser- 
vatory in March, 1886, on the con~pletion of the observations. The disturbances of the snrface of the 
ocean, caused by an eartl~qualce wllose centre lay bctween Port Blair and Car Nicobar, wcre recorded at  
thir station by the self-registering tidc-gauge on the 31st December, 1681, and those caused by the 
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Krakntoa volcanio eruptions mere similarly recorded on the 27th August, 1883. 

Barometricd and nnemometrical observations were carried on simultaneously with the tidal 
obscrvat,ions. The barometer was placed in the observatory, and the anemometer was placed on tile 
" Dolpllin's nose," a hill about a mile south of the town. 

The benchmark of reference is a stone embedded in the floor of the verandah of the Port Office 
Q. T. S. 

and marlied . It is 18.965 feet above the zero of the gauge. 
D. hI. 

0. 

The e~t~ablishnlent of the Port, calculated according to the method employed by the Marine 
Surrey of India = VIIIh  26'". 

The highest high mnter recorded mas 8 .9  feet above the zero of the gauge, and occurred in 
Norember, 1879. 

The lowest low water recorded mas 0 . 8  foot above the zero of the gauge, and occurred in 
Nnrch, 1880. 

In 1879-80 the mean range of largest ordinary springs was found to be 6 . 1  feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1879-SO ... ... ... 4.991 feet. 

1880-81 ... ,.. ... 4.917 ,, 
1881-82 m e *  ... ... 4.809 ,, 
1882-83 ... ... ... 4.812 ,, 
1883-84 ... ... ... 4.813 ,, 
1884-85 ... ... ... 4.630 ,, 
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Palues of H's at Pizagapatam. 
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F A L S E - P O I N T .  

(Tidrrl Obscvvntof,y, L a t .  20' 26' N., L o n g .  86" 47' E.) 

The tidal observatoly a t  False-Point, near the mouth of tlre Mal~anadi river, on the east coast of 
India, was one of the minor observatories, and was situated to the west of the Travellers' Bungalom a t  
Hoolrcy Tollah, in the position shown on the accompanying chart. It was a wooden c a l k  substantially 
built on a heavy timber staging well securcd by a mass of stone rubble and also by chain guys to pilcs 
embcdded in rubble. It was only accessible by boat, but tlre slrore was only three hundred yards distant. 
The float-cylinder was of the exceptionally large internal diamcter of four feet and was about fiftcen feet 
long. I t  was embedded about ten feet in the stone rubble and secured by cross beams to thc staging, so 
that its bottom masabout five fect below the lowest tides and its top about tnro fcet above tlre lriglrest, wlrere 
it passed tlrrougll the floor of the observatory. The commnnication was by a stmight horizontal two-inch 
pipe about twelve feet long wit11 a rose at  its outer end. I t  pnsscd through the rubble about t ~ o  feet below 
tllc lowcst tides and entered the cylinder tlirec feet abovc the bottom. 

The working scale of the tide-gauge was onc-third. 

Registmtions were commenced on t l ~ e  27th Scptembcr, 1880, and werc fairly continuous until tlie 
2nd Octobcr, 1882, when a t~venty days' gap occurred ouing to tlrc driving clock liaving to be sent to 
Calcutta for repairs. The obscrvatory during tlie first scven montlis after its erection settled do\\-n to 
tlre extent of seven inches, and tlic observations for this period were conscqueutly rejected. I u  the 
next year i t  sank two inches morc, and tlrcn the sinking ceased for more than a year: but between 
December, 1883, and March, 1856, n further settlcnlent of one and a lialf inclres was found to l~ave 
taken place. From tlie 22nd October, 1882, when observations were resumed after tile brcaalc aboye 
mentioned, the rccord, though irnpnircd by several unimportant stoppages oE thc clock due to tlie vibra- 
tion of tllc obscrvatory, was fairly continuous to the end. On the 22nd September, 1885, the ticlal 
observatol-y, with all thc instriunlcnts, was cnrricd away 1)y tlie cyclonic sea-mavc that passed ovcr False- 
Poiut ou that clnte, destroying all thc bnildings at lIoolcey Tollah and dro-ning nearly all the i ~ r l r a b i t n ~ t ~ .  
I t  urns not corlsidered necessary to resumc operations, and a, fifth year's observations were dispensed with. 



Y" TIDAL OBSERVATIONS. 

Tllc disturbances of the surface of the ocean, causcd by an earthquake whose centre lay betmeen 
Port Blair and Car Nicobar, wcrc recorded at this tidal station by the self-registering tide-gauge on the 31st 
Dc.cclybcr, 1S81, and thosc caused by the Krakatoa volcanic eruptions were similarly recorded on the 
27th August, 1883. 

Barometrical and anemometricnl observations mere carried on simultaneously mith the tidal obser. 
vntions. The barometer was placed in the observatory and the anemometer on the top of the same 
I)ilil(ling. 

Thc bench-mark of rcfcrence is a Marine Survey bench-mark consisting of the mark cut on 

tlie south-west pile of the Refuge IIouse at  Hookey Tollah. It is 17,961 feet above the zero of the 
gauge. 

Tlie establishment of the Port, calculated according to the method employed by the Marine 
Surrey of India = IX" 18". 

The highest high water recorded mas 13 .1  feet above the zero of the gauge, and occurred in 
n'o~ember, 1883. 

The lowest low mater recorded was 2.4 feet above the zero of the gauge, and occurred in March, 
1883. 

In 1881-82 tho mean range of largest ordinary springs mas found to be 7'3 feet. 

The height of mcan-sea-level above the zero of the gauge liad the following valucs :- 

... ... 1881-82 ... 7.662 feet. 

... ... 1882-83 ,.. 7.697 ,, 

... ... 18S3-84 ... 7.693 ,, 

... ... 1884-85 ... 7.492 ,, 
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Palzces of H's at False-Point. 
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Values of K'S at False-Point. 
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DUBLAT ( S A U G O R  I S L A N D ) .  

Thr tidal observatory at  Dublat,, on Snugor Islancl in the month of the Hooghly, was one of t l ~ e  
minor ob~~~rvatorics at  wllich five observations arc considered snflicicnt, and mas situated on the 
western si,le of the Dublat Creek aud about o l ~ e  mile N.E. of the village of that name, in the position 
sl~omn on the accompanying chart. The observatory, a substantial woodvn slructurc, rested on four 

me two stout pilcs driven fourteen fectt into the mud, and was conncctcd with tlie shore by a plank bricl, 
l~undred feet long. Tlie float-cylinder, twenty-two incl~cs in intcrnal diamctcr and tliirty feet long, 
giving ample range for extreme tides, pnsscd t l ~ r o ~ ~ g l i  a ~ ~ d  rose t11rc.e fect aljove tlic flooring of the obser- 
vatory and mas supportcd on posts and sccured bclon. by an iron bar fi~stencd to the beams bracing the 
piles. The communication was tllrougli lloles bored in tlic closcd bottoni of the cylinder. 

Tllc working scale of the tide-gaugc was one-sixth. 

Registrations were comn~cnccc~ 011 t l ~ c  29rd April, 1881, ant1 were fairly continuous until their 
trrn~ination, tliougli on onc occasioll t l~crc was a F;np of ninctccu days owing to the plank bridge being 
wnslicd anpay, anrl tl~erc wcrc frrqnent unimportant stoppages of t l ~ e  pcndulun~ driring clock, doe to the 
vibratiou of tlic obsc~vatorg, \vliich caused short I)rcaks until the cloclr was rrplaccd by one with spring 
c.scapc111cnt in Dccenibcr, 1881. A scttlclnent of two and a half inches occurred, causcd by the additional 
~~( : ig l i t  of sonle rail bracing added in June, 1685. On tile 29th ScptcmLcr, lb86, the tidal observatory, 
with all its contcnts, mas s ~ - c p t  away at night by a heavy mind and sca. 

Thc disturbnnccs of thc surrace of the ocean caused by an e a r t l ~ ~ u a k c ,  mliose centre lay between 
Port Illair aud Car Nicol)ar, werc rccordcd at  t l~ i s  tidal station by t l ~ e  sclf-registering tide-ga~igc on tile 
31st Dcccml1cr, lb81, and those causcd by the Krakatoa volcanic eruptions were sillliltlrly recorded on 
the 2itl1 August, 1883. 



loa TIDAL OBSERTATIONS. 

Barometrical and anemometrical observn tions were carried On ~ i n l ~ l t a n e o ~ s l y  with the tidal 
vntions. The barometer was plnccd in  the observatory and the anenlometer on the top of the sallle 
building. 

a. T. 9. 
The bench-mark of refcrcncc is a stone embedded in masonry and inscribed o , situated about 

B. bl. A. 

six hundred and thirty feet south of the site of the tidal observatory a t  the foot of the main embank. 
mcnt. It is 1Sa39S feet above the zero of the gauge. 

Tile establisl~lllent of the Port, calculatecl according to the method employed by the' Marine 
Surrey of India = S" 4"'. 

Thc lligllest high water recorded mas 21.2 feet above the zero of the gauge, and occurredin 
Scpbembcr, lSS2. 

The lomest lorn water recorded was 5 . 3  feet above the zero of the gauge, and occurred in Narch, 
1882. 

I n  1881-82 the mean range of largcst ordinary springs mas found to be 14.2 feet. 

Tlie height of mean-sea-level above the zero of the gauge had the following values:- 

... 1881-82 ... ... 14.394 feet. 

... ,, 1582-53 . . a  ... 14.4.99 

1683-84 ... ... ... 14,417 .. 
1884-55 ... ... ... 14.379 .. 
1885-8G ... ... ... 14.263 .. 

Xor~.-Thc lercl of the zero of the gauge a t  Dublat is 6.223 feet below that of thc zeros of l l lc  gauges at 
Diamond Harbour and Kidderpore. 



Phmo.anmgmpArd of the o j  Ihr Tri-Mml BmmrA. Sr-r)l of I d a n .  f i l m  D r m . A m  lsDB 

R c p ~  No. D.POI, s I D. - soly 9 8 . 6 0 0  
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Pctlues of H's at Dubla!. 

T I D B  

Sl 

S 2 

S4 

S, 

'0 

BI, 

&I2 

31, 

nl, 
fir, 

31, 
o 

K1 

K2 

P 
J 

Q 
L 
N 
X 

v 

P 

R 
T 

11s 
2 s  JI 
2N 

R12N 

nr2s1 
2JI,K1 

nrm 
RIB 

RfSf 

Sn 

Ssa 

T I D E  

S 1 

s2 

S+ 

s, 
Se 

If, 
fir, 

% 
Rr4 

A& 

o 
Icl 

K, 
P 
J 

Q 
L 
N 

X 

v 

P 
R 
T 

nrs 
2SAf 

2 N  

B12N 

A[,K, 
21tI,K, 

RI m 

l f  f 
R I S ~  

Sa 

Ssa 

1831 -82 

Fcct 

0.044 

2.053 
0.025 

'002 

. 004 
008 

4'623 

0.049 
101 

'014 

.or4 

-181 

'498 

'5-3 
-158 

.??I 

'010 

' '75 
I .o41 

0.2~8 

'271 

.218 

. . . 
'094 

'097 
' 207 

.088 

.090 

'033 

' 045 
-056 

' 049 

' 796 

' 234 

i882 83 

Bcct 

0'050 

2.163 

0.011 

a 005 

-007 

.007 

4'596 

0.043 
,089 

'013 

.009 

' '97 
-488 

.618 

151 
.016 

.oo8 

'158 

' 852 

' '39 
' 192 

'111 

-219 

"37 

,059 
.046 

'124 

"394 
'070 
'c32 

'035 

'O39 

'077 
1'003 

0.182 

1885 86 

Bcct 

0.047 

2'O99 
0.011 

'002 

.009 

.oz7 

4'603 

0'049 
-081 

-007 

009 
.196 

' 493 
.691 

'148 

"333 
-010 

' 245 
-882 

'163 

'328 

* 141 

... 

. . . 
'077 

' O M  

-147 
el98 

'072 

'031 

'020 

-032 

'042 

'787 
-146 

I3 

1833 84 

Beet 

0.040 

2.147 
0.017 

005 

003 
-017 

4'594 
0.05~ 

.o81 

-008 

'012 

186 

' 503 

'599 
'141 

'022 

'013 

'210 

-820 

.085 

'142 

' I72 

... 

... 
-067 

'O53 
.096 

'172 

.023 

.oz8 

.060 

-092 

- 050 
.864 

• 202 

1884 6j 

F r c t  

O'O47 
2.071 

0.015 

'00 I 

-002 

'024 

4'626 

0.048 

.086 

"='I3 

.006 

a 1 8.3 

'490 

'634 
a 156 

'"53 
-012 

a 1 7 0  

'8i5 
.063 

'276 

107 

'095 

"75 

'074 
' 058 

' 200 

. O ~ O  

"'53 
.050 

-027 

a086 

.027 

' 930 
'211 



TIDAL OBSERVATIONS. 

t-alztee of K ' S  clt Dublat. 
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DESCRIPTION OF ODSEBVATOBIEB, AND VALUES OF TIDAL CONSTANTS. 

D I A M O N D  E A R B O U R .  

(Tidal Okervatory, Lat.  22' 11' N., Long. 88" 12' E.) 

The tidal observatory a t  Diamond Harl~our, about forty milcs below Calcutta on thc left bank of 
the Hooghly and about halfway between Kidderporc and Dublat, was onc of the minor observatories 
at mhicli five years' observations are considered suacient, and was situated on the west side of the 
Diamond Harbour Creek in the position shown on the accompanying chart. It mas a substantial wooden 
cabin built 0x1 the pilcs of a former observatory. The float-cylinder, thirty feet in length, which gave 
ample range for extreme tides, passed through and mas sccured to the flooring, above which i t  rose three 
and a half fcet, and was also bound to the frame-work supporting the observatory by an iron band 
half may down. The communication n7as through holes bored in the closed bottom of the cylinder. 

The Torking scale of the tide-gauge was onc-sixth. 

Registrations were commenced on the 4th April, 1881, and, in spite of frequent stoppages of tlie 
clock due to vibration, mere tolerably satisfactory until the beginning of August, 1885, when, during 
very heavy freshets, thc obscrvatory gave may and tilted on one side. The instruments mere removed, 
aad the rcpnirs were conlplcted and registrations resumed by the end of the same month. On the 
12th April, 1886, the observations, which during tlle sevcn preceding rnolltlls liad become more and 
more frequently interruptcd by vibration, mere concluded ; and the observatory, which during the same 
period liad becn growing dangerously unstable and had settled five inches, mas dismantled. 

The disturbances of the surface of the ocean, caused by the Krakatoa volcanic eruptions, Tere 
recorded a t  this tidal station by the sclf-registering t*ide-gauge on the 27th August, 1883. 



106 TIDAL OBSERVATIONS. 

Bnromct.rical and anemomctrical observations were carried on simultaneously with the tidal obser. 
vntions. The barometer mas placed in the observatory and the anemometer on the top of the same 
building. 

a. T. 3. 
The bench-mark of refcrence bears in its centre the inscription o and is situated two hundred 

D. Y. A,' 

and teu fect wcst of the site of tlie tidal observatory, just below the embankment near its junction 
with t.hc path lcading to the burial ground. It is 19.882 feet above the zoro of the gauge. 

Tlie est,ablishment of the Port, calculated according to the method employed by the Marine 
Surrey of India = XI1' 55'". 

Tlle highest high water recorded mas 21.8 feet above the zero of the gauge, and occurred in 
Augast,, 1885. 

The lowest low water recorded mas 0.4 foot below the zero of the gauge, and occurred in February, 
1886. 

I n  1891-82 the mean range of largcst ordinary springs mas found to be 16.8 feet. 

Thc height of mean-water-level above the zero of the gauge had the following values :- 

... 1881-82 ... ... 8.976 feet. 

1884-85 ... ... ... 8.897 ,. 
1885-86 ... ,.. ... 8.804 .. 

h'o~€.-Tlie lerel of the zcro of the gauge at Diamoncl Harbour is identical with that of the zero of the gauge at 
Kiddcrl~orc, a~ ld  is 6.222 Ecct above that of thc zero of the gauge at Dublat. 
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Paluee of H's at Diantond Harbour. 
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Paluee of K'S at Diantond Harbour. 
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DESCRIPTION OF OBBERVATOBIES, AND VALUE8 OF TIDAL CONSTANTS. 

KIDDERPORE ( C A L C U T T A ) .  

ON THE HOOGHLY RIVER. 

(Tidal Obsevvatory, Lat. 22" 32' N., Long. 88" 20' E.) 

The tidal observatory a t  Kidderpore in  Calcutta is one of the permanent observatories, and is 
situated on thc south or left side of the Hooglily, well out in the stream, just below and close to the 
main entrance of the Kidderpore New Dock, in the position shown on the accompanying chart. I t  is 
a substantial wooden cabin rest,ing on stout piles driven firmly into the mud, and reached by a road- 
way constructed on the protecting piles of the dock-entrance. The float-cylinder, twenty-four inches 
in internal diameter and thirty feet long, giving ample range for cxtreme tides, is supported by the 
floor of thc observatory, through which i t  rises, and is also securely attached to the frame-work of tbe 
supporting piles. The communication is by holes bored in the closed bottom of the cylinder ; and there 
is a man-hole near the bottom of the cylinder for clearing ont any accumulation of mud. 

The working scale of the tide-gauge is one-sixth. 

Registrations mere commenced on the 22nd March, 1881, and liave been continued satisfactorily 
without any serious interruption up to the present. On thc 10th. May, 1881, a sudden and very violent 
galc tore off the roof of the observatory, but  caused no material gap in the registrations. Throughout 
tllc period of the observations the clock has experientcd short stoppages tllrougll vibration of the 
observatory, mllicll have caused insignificant breaks in  the tidal curves: of late these stoppages have 
been considerably less frequent. 

The disturbances of the surfaco of the ocean, caused by the Krakatos' volcanic eruptions, were 
recordcd at  this tidal station by the self-registering tide-gauge on the 27th August, 1883. 



I I 0  TIDAL OBSERVATIONS. 

Barometrical and ancnlomctrical observations have been carried on simultaneously nrith the tidal 
obscrrat,ions. The baromctcr was placcd in the observatory, and tlie anemometer was at first set up 
01, a ncighbouring Sail Loft ; but in 1887 this building was tnkcn down during dockyardalterations, and 
tlle nucluoluetcr was then transferrcd to the top of the tidal observatory. 

a. T. 9. 
The bench-mark of reference consists of the inscription 0 A, engraved on the coping of the 

B. 31. 

\vest wall of the main cntrancc of thc Bidderpore Ncm Dock, ten and a half feet north of the Swing 
Bridge. It is 23.925 fcct above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = 11'' 2". 

The highest high water recorded was 24.1 feet above the zero of the gauge, and occurred in 
August,, lS9O. 

The lowest low water recorded mas 2 . 2  feet above the zero of the gauge, and occurred in February, 
1ss2. 

I n  1851-82 the mean mnge of largest ordinary springs was found to be 11.7 feet. 

The height of mean-water-level above the zero of the gauge had the following values:- 

... 1551-82 ... ... 10.739 fect. 

1692-83 n.. a s .  ... 10.666 ,, 
1883-S4 ,.. ... ... 10.599 ,, 
1SSl-55 .., n.. ... 10aG69 ,, 
1883-86 ,., ... ... 10'950 3, 

1SSG-67 -.. ... ... 11.383 9, 

... 1887-58 ... .., 11.080 ,y 

... a 1868-89 ... ... 10 842 ,, 

... 1859-90 ... ... 11.232 ,, 

... ,. 1590-01 ... ... 11.3G4 

15!)1-02 ... ... ... 10.G18 .. 
NOTE.-The lerel of tlrc zero of the gauge at  Kidderpore is  identical with that  of the zero of the gauge nt 

Diamond IIarbotw, and is 6.222 fect allore that of the zero of the gauge nt Dublat. 



Pnc4on'nqmfl.d d trs of frs Trig-mid ~ n h  S m q  of I . d a ,  h A m  Ddm. Jawmy IsM. 
6 0 D 4 9.  I .  D, - A"& 99- 300 

TIDAL CUBVES 
at 

KIDDERPORE (Calcutta) 

Spring Tide - 7th November 1889 

Midnight 7 

N 

rb 

1 

0 

Noon 7 

r 
- 
3 

m 

hIidnkht 6 

" 
m 

Full Moon , 7th Novembsr 1889 

Neap Tide - 16th November 1880 

Midnight 16 

---I 

N 

m 

7 

0 

Noon 18 

r 
-. 
3 

m 

Midnight 15 

s? 
I 
I 

i' 

Laat Qurter - 15th November 1889 
-- 

b 

8 
2 - 

cn 

,d!--A 
.. - si 



DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 1 1  1 

Paluee of H's at Kidderpove. 
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Palztes of H'a at Kiddevore-(Continued).  
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I t  3 

Pulzcee of K'S at Kidderpore. 
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TIDAL OBSERVATIONS. 

7aZuee of ~ ' a  at Kidderpore-(Continued). 
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DESCRIPTION OF OBSERVATORIES, AND VALUE8 OF TIDAL CON9TANT8. 

C E I T T A G O N Q .  

(Tidal Observatory, La t .  22' 20' N., Long. 91" 60' E.) 

The tidal observatory a t  Chittagong, at the northern extremity of the eastern shore of the Bay of 
Bengal, mas one of the minor observatories a t  mllich five years' observations are considered sufficient, 
and stood on the west side of the head of the iron jetty a t  the town of Chittagong, on the north or right 
bank of the river Karnaphuli, ten and three-quarter miles from its mouth, in the position shown on the 
accompanying chart. The observatory, which mas that previously used a t  Diamond Harbour, mas firmly 
bolted to the flooring of the jetty. The float-cylinder mas of iron, twenty-four inches in diameter and 
thirty-two feet long. The top mas two feet four inches above the floor of the observatory and about seven 
feet above the highest tides, and the bottom nras three feet above the bed of the river and about six feet 
below the lowest tides. The cylinder mas secured to the girders of the jetty by iron bands in four places, 
and by a chain about nine feet from the bottom ; and chains mere stretched from pile to pile under the 
jetty to defend the cylinder from damage by timber brought down the river by the ebb-tide which here 
flows mith great strength. The communication mas through a number of holes, about an inch in 
diameter, drilled just above the lomest flange and in the closed bottom of the cylinder. 

The working scale of the tide-gauge mas one-fourth. 

Registrations mere commenced on t ] ~ e  6th June, 1886, and continued satisfactorily until the 
observatory was dismantled on the 2Znd July, 1891, on the completion of five years' observations. 
The only fault to be found with the tide-gauge apparatus was the somewhat variable rate of the driving 
clock, which occasionally led to small corrections having to be made on the diagrams. 

Barometrical and anemometrical observations were carried on simultaneously mith the tidal obser- 
vations. The barometer was placed in the observatory and the anemometer on the top of the same 
building. 
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The bench-mark of reference is the Bench-mark A, which is indicated by a circle inscribed on ti,,, 
upper surface of a three-foot cube of masonry built near the S.E. corner of the Port and Customs ofice, 
I t  is 22,702 feet above the zero of the gauge. 

The establisl~ment of the Port, calculated according to the method employed by the Marine 
8urvey of India = Ih 12m. 

The highest high water recorded was 19.3 feet above the zero of the gauge, and occurred in 
October, 1888. 

The lowest low water recorded mas 0.1 foot above the zero of the gauge, and occurred in 
February, 18S7. 

I n  1889 the mean range of largest ordinary springs was found to be 13.3 feet. 

The height of mean-water-level above the zero of the gauge had the following values:- 

1886-87 ... ... ... 8.251 feet. 

1887-88 ... ... ... 7.946 ,, 
1888-89 ... ... ... 7.923 ,, 

... 1889-90 ... ... 8.086 ,, 



Ray. No. D 981, 9. I. D - 8- 93- LOO 
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Talues of  H's cct Chiltagong. 
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Values of K'S at Chittagong. 
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DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTANTS. 

A R Y A B .  

(Tidal Observatory, Lcbt. 20" 8' N., Long. 92" 64' 3.) 

Tlie tidal observatory of Akyab, on the Burman coast a t  tlie mouth of the Kaladan River, wae 
one of tlie minor observatories a t  nrliicl~ five pars '  observations are considered sufficient, and was situated 
at the nor th -n~s t  corner of the T-head of the iron pier opposite the Port Office, in the position shown 
on tllc accompanying chart. It mas a very well constructed, substantial wooden cabin, twelve feet 
Square, having its corner-posts let tllrougll the floor of the pier and bolted to the girders. The float- 
cylinder was of wrought iron, twenty-four inches in internal diameter and twenty-eight feet long. It  
was supported on stout cross bealns resting on tlie iron frame-work of the pier, and its lower end was 
chained to thc piles of the piel.. The top of the cylinder mas about a foot above the floor of the obser- 
vatory and about ten feet above the ]li,oliest tides, and the bottom was about seven feet below the lowest 
ticlcs, and had dcep n-atcr beileath it. Tile communication mas through numerous perforations in a block 
of iron-wood that closed the bottom of the cylinder. 

Tlie working scale of the tide-gauge was one-third. 

ncgist,mtions Vera commenced on the 9th May, 1887, and continued most satisfactorily until the 
ob~ervntol-~ was closcd on tllc 23rd >lay, 1692, a t  tile end of five years' obscrvations. At  long intervals 
there n7cre brief stoppngcs of the driving clock causcxl by steamers bumping against the pier, but these 
in  no dcfrcc a5ected the value of the record ; and the agreement between the predicted and the actually 
obscrvcd times and heights of tho tides at  this station has been extremely close. 

I3aromctrical and anemometricd observations mere taken simultaneously with the tidal observa- 
tions. The barometer was placed in the observatory and the anemometer on the top of the same 
building. 



IZO TIDllL OBSERVATIONS. 

a. T. 0. 
 he bench-mark of roference is engraved ,P,. and embedded in a block of masonry four.foot 

1887. 

cllbe in the portico of tho Port Office. It is 19.923 fect above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = IX" 37'". 

The highest high water recorded was 13.9 feet above the zero of the gauge, and occurred id 
October, 1888. 

Thc lowest low water recorded mas 1.5 feet above the zero of the gauge, and occurred in March, 
1S02. 

I n  1890 the mean range of largest ordinary springs was found to be 8.3 feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

1887-88 ... ... ... 7'486 feet. 

1688-89 ... ... ... 7.430 ,, 
1889-90 ... ... ... 7.684 ,, 
1890-91 ... ... ... 7.635 .. 
1801-92 ... ... ... 7-462  ,, 
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Pnlues of H's at Akyab. 
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7aleces of K'S at Akyab. 
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DESCRIPTION OF OBSEllVATO&IES, AND VALUES OF TIDAL CONSTANTS. 

E L E P H A N T  P O I N T .  

(Tidal Obse~.vatot.y, Aat. 16' 30' N., Long. 96" 20' E.) 

Tlle minor tidal observatory a t  the opcn coast station of Elcpllant Point in Burma mas just 
outside the mouth of the Rangoon river and was situatcd in front OF t l ~ e  Telegraph OGcc, that existed there 
in 1880, and has since then becn removed, on the right bank of the river and threc quarters of a mile 
north-west of the Elepllant Point Obelislc, in thc position sho~rn  on the accompanying chart. I t  mas a 
wooden cabin twelve feet square supported on tllc bank on piles driven well into the ground. T l ~ e  floor 
was about eleven fcet above the ground and about three feet above the highest tides. The float-cylinder 
mas of iron, twenty-two inches in diameter and thirty feet long. The top projected about tnro feet 
above the floor of tllc observatory and was five fect above the highest tides, and t l ~ e  bottom, which was 
closed, was sunlc in the ground to a depth of two and a llalf fcet below the lowest tides. The communica- 
tion mas through a two-inch iron pipe, one hundred and seventy fect long, bent into the form of a sipllon 
and provided with a special contrivallcc for flushillg i t  out. The sl~ort  branch rose vertically from about 
eightcen inchcs above the bottom of the cylinder to allout three fcet above mean-sea-levcl : from this 
point, where thero mas a stop-cock, the pipe sloped gcntly domn~vards and ended in deep water. 

The working scale of the tide-gaugc mas one-sixth. 

Registrations were commenced on thc 2ith May, 1880, and continued without interruption for 
about two months, after which the communication pipe was continllally getting choked and damaged, 
and altllough a grcat deal of trouble mas taken to Ilave as few breaks as possible, there were sixty-six 
days' b rcah  in tho observations up to the end oE May, 1881, when, owing to the encroachment of the 
water, the observatory had to be dismantled. There are thus only one year's imperfect obserrations 
at  this site: 

Barometrical and anemometrical observations mere carried on simultnneously with the tidal 
observations. Thc barometer mas placed in  the Telegraph Office and the anemometer on the roof of the 
observatory. 

The bench-mark of reference used during the observations does not now exist, but in 1888, it mas 
connected with the bonch-mark cut on the lowest stcp (the fourth from thc top) on the north-east side of the 

G.  T. 9. 
Elephant Point Olmlislr, and subsequently inscribed B:M. This bench-mark, which still exists, has been 

adopted as the bench-mark of reference. I t  is 31.246 feet above the zero of the gauge. 
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The estnblishment of the Port!, calculated according to the method employed by the Marine 
Survey of Indin = IIIh 30". 

The I~ighest high water recorded was 27.8 feet above the zero of the gauge, and occurred in 
September, 1880. 

The lowest low wnter recorded was 6.3 feet above the zero of the gauge, and occurred in 
Janunry, 1881. 

In 1880-81 the mean range of largest ordinary springs was found to be 18.6 feet. 

The height of mean-sea-level above the zero of the ga,uge had the following value :- 

1880-81 ... ... ... 16.664 feet. 

N o T E . - T ~ ~  zero of the gauge is 4.904 feet below the zero of the gauge at Elephant Point Riverain Station, and 
7.182 feet below the zero of the gauge at Rangoon. 

P a l ~ e s  of H's and K'S at Elephant Point. 
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E L E P H A N T  P O I N T .  

ON THE RANGOON RTVER. 

RIVERAIN STATION (AT NEW SITE). 

(Tidal Observatory, Lat. 16' 30' ,V., Long. $6" 10' E.) 

Tlie tidal observatory a t  the riverain station of Elephant Point in Burma, on the right bank of 
tlie Rangoon river a couple of miles above its mouth, was one of the minor observatories at  whicli five 
ycars' observations are considered sufficient. I t  was situated on the right bank of Pilakat Creek, about 
three hundred and forty yards from its junct,ion with tlie Rangoon river, two and a quarter miles north-west 
of the Elephant Point Obelisk, and one and a quarter nliles north-west of the Telegrapll Office, in the position 
shown on thc accompanying chart. I t  was a wooden cabin twelve feet square, supported on piles driven 
into the bed of the creel;, and connected wit11 tlie bank by x wooden foot-bridge. Instead of the usual 
float-cylinder, x wooden casing two feet square in section and about twenty-five feet long was used. The top 
mas level with tlle floor of the observatory and was about eighteen inches above the lligllest tides, and 
the bottom, which was fitted with a wooden grating, was about twelve inches below the lowest tides. 
1 1  l h e  communication was through the wooden grating mentioned. 

The working scale of the tide-gauge mas one-sixth. 

Rcgistrntions were commenced on the 1st January, 1889, and were continucd without interruption 
to tlie 6th November of tlie same year, wl~cn the piles supporting the observatory sank and caused a 
suspension of t l ~ e  observations until the 8th of the following month, after which thougli there were some 
unimportant interruptions necessitated by the rencwol of the float-casing, repairs to the cabin and piles, 
and accidents to the float-band and chnin, the obscrvations mere practically continuous until the 18th 
June, 1888, when a heavy storm rendered the observatory unsafe, and it had to be dismantled. As four 
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n half years' obscrvntions mere completed, it was not thougllt necessary to reconstruct the observntorp 
merely to extend them to the end of the customary five years. 

Bnromctricnl and ancmometrical ob~ervat~ions were carried on simultaneously with the tidal 
observations. The barometer was placed in the Telegraph Office and tile anemometer on the neighbouring 
' Look-out' house. 

Q. T. 9. 
Tho bench-mark of reference is a stone engraved o A, embedded in a block of masonry close 

D. hl. 

to the site of the observatory on the right or eastern bank of Pilakat Creek. I t  is 24.000 feet above the 
zero of the gauge. 

Thc cstnblisllmcnt of the Port, calculated according to the method employed by the Marine 
Survcy of India = IIIh 32". 

The highest high water recorded was 23.3 feet above the zero of the gauge, and occurred in May, 
1884. 

Tho lowest low water recorded mas 0.4 foot above the zero of the gauge, and occurred in February, 
19SS. 

In lSSG the mean range of largest ordinary springs was found to be 18.9 feet. 

The height of mean-water-level above the zero of the gauge had the following values :- 

... 1884 ... ... 12.418 feet. 

1885 ... ... ... 11.745 ,, 
1856 ... ... ... 11.997 ,, 

... 1887 ... ... 11.982 ,, 
1887-88 ... ... ... 11.903 ,, 

Nmc.-Thc zero of thc gauge is 4.904 feet above the zero of the gauge at Elephant Point Open C o d  Station* and 
i~ 2.278 fcct bclow the zcro of the gauge at Rangoon. 
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Talues of H's at Blephalzt Point. 
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Values of K'S at Elephant Point. 
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R A N G O O N .  

(Tidal Obse~,vatory, Lat.  16' 46' N., Loag.  96" 10' E.) 

Rangoon is the one permanent tidal station in Burma. The tidal observations there have been 
taken in the town of Rangoon on the lcft bank of the Rangoon Hivcr at  two sites a t  wliicl~ the mean- 
water-level has bcen found by Spirit-lcvclling to be the same. The first observatory was erectcd in 1880 
on tlie Latter Street Wharf, near the centre of its length and about three feet within its edge, in the 
position shown on the accompanying cl~art. I t  was a wooden structure fixcd to the flooring of the 
wharf. In  placc of a float-cylinder a teak-mood casing two fect square in section and twenty-nine feet 
long mas let down through the floor of the observatory and secured by iron braces, ties, and chains. The 
bottom of the casing was about six fcet 1)clow the lowest tides and tlie top about two fect above the 
highcst. The con~munication was througll a ~vooden grating fastcned across tlie bottom of tlie casing. 
I n  January, 1888, the casing n7as replaced exactly by an iron float-cylinder twenty-four inches in  
diameter and twenty-ninc fect long, wit11 an iron grating across the bottom of it tllrougl~ a h i c l ~  commu- 
nication was cffectcd. The site of the obserratory was objcctionablc, omibg to the great traffic, and its 
Liability to accidents caused by the shipl~ing. On the 14th April, 1801, tllc work of extending the wllarf 
necrssitatcd t l ~ c  temporary shifting of the observatory a distancc of fifteen J-ards, and this was effected 
in two days. On tlie 29th June of tile same year, the observatory was disrnantlcd and the instruments 
and float-cylinder were taken to Brool~ing Street Wharf, about a mile furthcr down the river, and placed in 

present observatory which is far less exposed to accidents than the old one, and is conveniently 
situated in the river opposite the Port Engineer's Office, in the position shown on thc accompauyin,b 
cllart. I t  is a substantial wooden structure supported on four iron scrcw pilcs braced togetller by iron 
tie-rods, and is connected wit11 the bank by a mooden 1,ritlgc one hundred feet long and four and a half 
feet nlidc. T l ~ c  iron float-cylinder from Latter Street Wharf was placed in t l ~ e  same position as regards 
hidl  and low tides ns before, and with its top on,a level with the floor of the observatory, and was secured 
by iron tie-rods to the piles. 

The working scale of the tide-gauge in its present position is one-sixth, and at Latter Street 
wharf i t  was tlrc same. 
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Rcgistmtions mere commenced a t  Latter Street Wharf on the 1st March, 1880, and mere fairly 
continuous until tlie 24th June, 1886, when a steamer coming alongside damaged the observatory and its 
vnriom instruments. Registrations were resumed on the 6th of the following month, and were tolerably 
uninterrupted until the 28th of tlic follon.ing December, when the float-casing was swept away by a strong 
ebb-tide, nnd a gap cnsued until tlie 18th January, 1887. Between the 29th June and the 1st July, 1889, 

two days' gap was causccl by a steamer smashing in the roof of the observatory. Throughout the 
period of the registrations a t  Latter Street Wharf, there mere also frequent unimportant breaks in the tidal 
curves due to stoppages of the driving clock causcd by vibration, and by lieavy shocks received by the 
wharf. At  Brooking Strcet Wharf registrations were commenced on the 4th July, 1891, and havebeen 
practically continuous and nlost satisfactory up to the present. 

Barometrical and anemometrical observations have been carried on simultaneously with the tidal 
observat,ions. The barometer has been in the observatory both a t  Latter Street and Brooking Street 
wharves. Thc anemometer was on the top of a galvanised iron shed a t  the former wliarf until the 24th 
Februal.y, 1893, when i t  was transferred to the roof of the observatory a t  Brooking Street Wharf. 

The bcnch-mark of reference is Graham Smith's Bench-mark, a flat stone just outside the S.E. 
corner of the walled enclosure of the Sailors' Home, bearing the inscription " G. S. Datum 23.27 o below 
this 13.11." Graliam Smith's Bench-mark is 23.270 feet above the zero of the gauge. 

The estnblisl~ment of the Port, calculated according to the method employed by the Marine Survey 
of India = IV'I 36"'. 

Tlie highest high water recorded mas 21.3 feet above the zero of the gauge, and occurredin 
September, 1882. 

The lowest low water recorded was 0 .2  foot below the zero of the gauge, and occurred in FebrunrY, 
1893. 

I n  1880-81 the mean range of largest ordinary springs mas found to be 16.4 feet. 

The height of mean-water-level above thc zero of the gauge had tlie following values :- 

... 1880-81 ... ... 10.608 feet. 

Nm~. -The  zero of the gauge i r  2 . 2 i 8  feet ahore the zero of the gaup at Elephant Point Riverain Station, and " 
feet a b v e  the zero of the gauge at Elephant Point Open Coaat Station. 
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Pnlztes of H's at Rangoofi-(Continued). 
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Palues of K'S at Rangoon-(Continued). 
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A M H E R S T .  

ON THE MOULMEIN RITER. 

(Tidal  Obseroatot.y, L a t .  16' 6' N., Lo~zg .  97" 34' 3.) 

The tidal observatory a t  Amherst, at  the mouth of the Moulmein River on the coast of Burma, 
was one of the minor observatories a t  which five years' observations are generally considered sufficient, 
and was situated about twenty feet north of the Water Pagoda in the position shorrn on the accompanying 
chart. I t  mas a substantial wooden cabin built on posts let into the rock, with its flooring about 
four feet above the highest tides. The iron float-cylinder was twenty-tnro inches in diameter and about 
twenty-six feet long. It had to be sunk in a mell excavated in the rock, at  first only ten feet deep ; but as 
this depth did not embrace the lowest tides, the mell was sunk lower to a depth of fifteen feet in 1881. 
The cylindcr was held firmly by cross-beams to the bracing of the posts. The communication was by 
a pipe bent so as to form a syphon about ninety feet long which terminated in a rose. An air-cock 
protected by a box and worked by a rod was provided at  the upper bend of the syphon, and a groove 
mas cut in the rock for the reception of the pipe. 

The working scale of the tide-gauge was one-sixth. 

Registrations mere commenced on tlie 30th July, 1880. The great quantity of mud held in 
suspension by the water necessitated frequent flusl~ing of the communication pipe. The deepening of the 
well caused a cessation of the observations n.liicli lasted from the 10th April to the 18th July, 1881, and 
in October, 1882, a gap of twenty-four days occurred while thc communication pipe was being repaired. 
The observatory was on three or four occasions brokcn into by mischicvous persons vrlio tampered with 
tlie instruments, but wlio fortunately never caused serious interruption to the observations, which were 
fairly continuous until the dismantling of tlie observatory in August,, 1686, when an extra year's observa- 
tions, taken to compensate for the breali of four months in 1650-81, were complcted. 
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Barometrical nnd anemometrical observations were carried on simultaneously with the tidal obser. 
vations. The barometer was sct up in the Telegraph Office, and tho anemometer was placed sixteen 
feet above the ground on a small wooden Louse fifty yards south of the Telegraph Office. 

The bench-mark of reference is Bench-mark A, placed on the north-eastern post supporting the 
Water Pagoda. It is 26.883 feet nbove the zero of the gauge. 

The establishment of the Port, calculated nccording to the method employed by the Marine 
Survey of India = IIh 21". 

The highest high water recorded was 26.0 feet above the zero of the gauge, and occurred in 
August, 1682. 

The lowest low water recorded was 0.8 foot above the zero of the gauge, and occurred in 
February, 1886. 

I n  1881-82 the mean range of largest ordinary springs was found to be 19.2 feet. 

The height of mean-sea-level above the zero of the gauge had the following values :- 

... 1880-81 ... ... 13'591 feet. 





DESCRIPTION OF OBSERVATORIES, AND VALUES OF TIDAL CONSTAHTB. 1.37 

Paluee of H's at Amherut. 
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Values of K'S at Anlherst. 
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M O U L M E I N .  

ON THE MOULMEIN RIVER. 

(Tidul Observatory, Lat .  160 29' N., Loizg. 974 37' E.) 

The tidal ohsei.vatory a t  Moulmrin in Burma was one of the minor observatories, a t  wl~icli five 
years' observ:ltions are generally consitlcred sufficit.nt. The to\rn of Afoulmein stands a t  the mouth of 
the river Sl~lwren on tlie left bank, ar~tl a t  t,lie conimencenlont of the cliannel known as the Moulmein 
River ml~ich scp:lratcs tlie m:lin 1:irid from a large isla~~tl ,  llnmcd Bheelogyun, lying off i t  to the west. A 
portiori of tlie waters of tllc: Salween escapes to sea to t l ~ e  \\lt~st, tl~rough a sllallow channel round the 
nortli of Bliet~logyun; tllc rest flows soutll, tlonw tl ic*~oulmein River for about twenty-eight and a half 
miles, to Aml~erst, and there falls into the Gulf of R1artab:~n. The observatory was situated on the T 
head of the m:~ir~ wl~arf opposite the Port Office in tlle position sl~omn on tlle accompanying chart. It 
was a woodeli cabin fixed or1 t l ~ e  flooring of tlie wllarf. T l ~ c  floor of the observatory, on wliicl~ the trestle 
of the tide-gauge at first rested, was about a foot and a half above the flooring of the wharf; but as t l ~ e  
latter nras found after a few montl~s' trial to I)(? tlic more rigid, the trestle mas then made to rest upon it. 
I n  place pf an iron float-cylinder, a stout teak-mood casing mas employed ; it \\,as two feet square in srction 
and twenty-six fret long, giving ample range foi. exlrcbrne titles, and was \yell secured to the f loor i~~g and 
supports of the wlla~~f. The cor~lmunication mas througl~ a number of holes in an iron plate which closed 
tlle bottom of the casing. 

The working scale of the tidc-gauge was one-fourth. 

Registrations were commenced on the l8tl1 April, 1880. Tl~rougl~out tlie period of the observa- 
tions there were freqtic!nt insignificant bre:tks in tlie curves due to t J ~ e  st,oppagc of the clock by vil)rations 
causctl I)y slioclts given to the ml~arf. 011 tllc 7th Sept,elrlber, 1884, the great.er part of the st,out teak- 
wood flo:~t,-c:tse mas carried away, it m:ra sappost~l I)? some llenvy log cornitig down the stream. This 
caused a rnon t l~ '~  gap in t l ~ c  obscrvat,ions, but, otl~crwise the rccortl mas pr:rct,ically co~~t inuous  ont,il the 
24th April, 1896, when, after six years' observations, the obsurv;ltory mas dismautled. The configuration 
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of tile land, described above, has a ren~arltable cffect on the tides, and in consequence of their peculiarity 
i t  was t l lou~ht  well to take an extxa year's observations. Throughout the period of the observations, 
it wm found that a t  the wharf where they were taken, the wat.er, although rising higher at spring 
tides than at neaps, falls lower a t  neaps than nt springs. Strange to say, this remarkable peculiarity of 

the uoulmein tides docs not appear to have been noticed until these observations brought it to liglit, 

Barometrical and anemometrical observations were carried on simultaneously with tile t,ida] 
obsert-ations. The barometer was placed in the Port O5ce and the anemometer on the top of tlie sanle 
building. 

The bench-mark of reference is Bench-mark A, cut on a block of Portland cement let into the 
flooring .of the Port O5ce. I t  is 24.295 feet above tlie zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = IIIh 41". 

The lrigbest high water recorded was 19 .3  feet above the zero of the gauge, and occurred in 
August, 1863. 

The lowest low water recorded was 1.1 feet above the zero of the gauge, and occurred in March, 
1881. 

I n  1860-81 thc mean range of largest ordinary springs was found to be 12 .7  feet. 

The height of mean-water-level above the zero of the gauge had the following values :- 

... 1880-81 ... ... 8.463 feet. 

1881-82 ... ... ... 8.659 .. 
1882-83 ... ... ... 8.668 ,, 

... 1883-84 ... ... 8.737 .. 
1881-85 . . a  ... ... 8.146 .. 
1885-86 . . a  ... ... 8.388 ,, 
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Palues of H's at Moulmeira. 
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Palztes of K'S at Moulmein. 
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DESCUIPTION OF OBSEBVATOBIES, AND VALUES OF TIDAL CON8TANTB. 

M E R G U I .  

(Tidal Obse~.vntot.y, Lat.  12' 26' N., Long. 99" 36' B.) 

Tbc tidal observatory a t  RIcrgui in Burma, on the coast of Tenasserim, is one of the minor obser- 
vatories at wliicli five years' observations are considered sufficient, and is situated tmenty-three feet 
beyond the T-head of the Mergui  pie^, in the position shown on tlie accompanging chart. I t  is a 
moodcn cabin, tnrclve feet square, rcsting on four piles driven sixteen feet into the bed of the anchorage. 
Its flooriug is about tliree feet above thc highest tides, and four feet above thc level of the liead of tlie 
pier with which i t  is connected by a moodcn bridge I~aving a movable piece a t  the end to isolate it. Tlie 
float-cylinder is of wrought iron, twenty-four i~iclies in internal diameter and thirty feet long. I t s  top 
is two fcet tllree inches abovo tlie o1,servatory floor, and tlie bottom, which is closed, rests on the bed of 
tllc allcliorage, and being close in to shore is only two aiid a half feet below the lowest tides. The 
c'ylindcr is supported by cross beanls under its flanges, and its lowcst lcngth is guyed to the piles by four 
chains. The communication is through three sets of lloles bored in the lowest length of the cylinder. 

The morlcing scale of the tide-gauge is one-sixth. 

Registrations mcrc commenced on tlic 24,th March, 1889, and have been practically continuous 
up to the present. At first thcrc mere several insignificant brcalts in tlie curve from stoppages of tile 
driviilg cloclc duc to cargo boats bumping against tile but the construction at  the end of 1891 of 

an outer barrier, consisting of Ilorizontal beams connecting four stout piles, has removed this source of 
interruption. In  1801, tllc cleric aIlon.c(l a time error to accumulate until it reached seventeen minutes, 
thus involving correction of thc diagrams. 
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Barometrical and nnemometrical 01)servntions are carried on simultaneously with the tidal obser. 
rations. The barometer was set up  iu the observatory, and the anemoruetcr was placed on the roof of 

the Court House on the top of the hill. 
A 

a. T. 9. 
The bench-mark of reference is a stone engraved o and embedded in a block of masonry 

D. M. 
nbout five feet from the S.E. corner of thc Post Office. I t  is 26.988 feet above the zero of the gauge, 

The establishrncnt of the Port, calculated according to the method employed by the Marine 
Surrey of India = XI' 20"'. 

Tho liighest high water recorded mas 24.2 feet above the zero of the gauge, and occurred in 
September, 1801. 

Tho lowest low water recorded was 1 - 4  feet above the zero of the gauge, and occurred in March, 
1101. 

I n  1690 the mean range of largest ordinary springs mas found to be 18 .1  feet. 

The height of mean-sen-level above the zero of the gauge l ~ a d  the following values :- 

... 1880-90 ,.. ... 13.084 feet. 

... 1890-01 ... ... 12.983 ,, 
1601-92 ... ... ... 12-902 ,, 
1592-03 ... ... ... 12,999 ,, 
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Value8 of H's at Mergui. 
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Paluea of K'S at dlergui. 
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DESCRIPTION O F  OBSEEVATORIES, AND VALUES OF TIDAL CONSTANTS. 

P O R T  B L A I R .  

(Tidal Observatory, Lat.  11" 41' N., Long. 92" 45' E.) 

The tidal observatory a t  Port Blair, in the Andaman Islands, is one of the permanent observatories, 
nnd is situated two hundred fect north of the pier, on the sea wall adjoining the Port Officer's house 
on the west side oE Ross Island, in tlio position sllown on the accompanying chart. The present obser- 
vatory mas erected in January, 1892, on the same site as had been occupied by the original observatory 
from 1880 till tlie 1st November, 1891, mlien it was destroyed togctl~cr with all the instruments, &c., by 
a most violent cyclone which caused serious damage and loss of life a t  Port Blair. The original 
observatory mas a substantial wooden structure resting partly on tho sea mall and partly on piles. The 
float-cylinder was twenty-two inclies in internal diamcter and sixteen and n half feet long: its lower 
end was sunk two and a lialf feet into the bed of the sea, giving nearly four fect of water in the cylinder 
a t  extreme low tides ; and its mouth was about three and a half fect above lligllest tides. Tlie communica- 
tion mas a t  first by a two and three quarter inch pipe, sixty feet long, leading from tile bottom of the 
cylinder into deep water; but this arrangement was found supcrfloous, and communication by small 
holes near tlic bottom oE tile cylinder was substituted for it in December, 1884. I n  1889 a masonry wall 
was built round the cylindcr so as to enclose it in a well and protect it thc better, and communication 
with tlie sca was obtained by means of small zinc tubes passed tlirough the wall. 

The working scale of the tide-gauge was one-half. 

Registrations commenced in April, 1880, and were practically continuous until thc 10th Scptern- 
bcr, 1884, ~vlien a p p  occurred until the 1st November folloming, mllile the cylinder was being 
repaired. At long intervals tho tidal curves were impaired by sliort breaks duc to renewals of and 
repairs to the cylinder, and l ~ y  occasionnl retardation caused by obstruction of the comrn~inication; 
but the record was practically contilluous and satisfactory till the cyclone dcstroyed tlie observatory. 
The new observatory was crcctcd, and observations were resumed, by the 30th January, 1892. It 
is very similar to the old obscrvatory, and t l ~ e  title-gauge has the same working scale, namely one-half. 
T ~ c  float-cylinder is tliirty-six inclics in internal diameter and fourteen feet long: its upper flange rcsts 
on the floor of the obscrvatory and its bottom is supported about two fect below the lowest tides on n 
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flat circular stono thirty-eight inches in diameter. The communication is by three holes, each half an 
inch in diameter, nine inches above the bottom of tho cylinder. The water immediately under the 
observatory, enclosed by tho supporting pilcs and the sea mall, has been strongly planked in (about an 
incll of matcr may being left between thc planks), thus protecting the cylinder from the roughness of the 
external water. Thc registrations have been highly satisfactory up to the present. The disturbances of 
the surfnce of the oceau, caused by an earthquake whose centrc lay betwcen Port Blair and Car Nice. 
bar, were recorded at  this station by the self-registering tide-gauge on the 31st December, 1881, and 
thoso caused by tho Krnkatoa volcanic eruptions were similarly recorded on the 27th August, 1883. 

Barometrical and nncmometrical observations have been carried on simultaneously with the tidal 
observations. The barometer is placed in the observatory and the anemometer on the top of the European 
Barracks on tho ridge at  the north-eastern extremity of Ross Island. They mere similarly situated 
before the cyclone of 1891. 

The bench-mark of reference is the Bench-mark A situated in the verandah of the Port O5cer's 
house. I t  is 11-24 feet above the zero of the gauge. 

The establishment of the Port, calculated according to the method employed by the Marine 
Survey of India = ISh 36". 

The highest high water recorded was 9 . 2  feet above the zero of tlie gauge, and occurred in 
December, 1893, (thc rccord during thc cyclone of tlic 1st November, 1891, pcrisl~ed with the observa- 
tory). 

The lowest low water recorded was 0 - 4  foot above the zero of the gauge, and occurred in March, 
1858. 

I n  1880-81 the mean range of largest ordinary springs was found to be 6.6 feet. 

The height of mean-sea-lerel above the zero of the gauge had the following values :- 

... 1880-8L ... ... 4.792 feet. 

... 1881-S2 .., a * .  

1582-53 ... .., ... 
1883-84 ... ... ... 

1884-55 ... ... ..a 

1685-66 ... I.. m a ,  

... 18SG-Sf ... ... 
1885-88 ... ... ..a 

1895-89 ... a.. -.. 
... 1880-90 ... ... 

... 1890-91 (ending 26th April, 1891) 

1990-91 (ending 29th October, 1801) 

1692-93 ... ... a.. 
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Value8 of H's at Po?.t Blair. 
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Paltres of H's at Port Blail*- (Continued). 
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Puluas of K'S at Port Blair. 
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