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PREFACE

— ST

HE tide predicting machine belonging to the Indian
Government having been transferred from the National
Physical Laboratory, Teddington to the Trigonometrical Survey Head-
quarters at Dehra Dun in 1921, this revision of the Tidal Chapter of the
Handbook of professional instructions for the Trigonometrical Branch,
Survey of India, has been taken up with a view to provide a manual
which may assist an observer who may have to undertake the general
duties connected with the tidal party, as well as the Harmonic Analysis
and prediction of tides in accordance with the methods at present
in use in the department.

In a preliminary report presented at the Geophysical Discussion,
vide the British Association report 1918, it was stated that the tide
tables, as at present produced, appear to be adequate for practical needs.
This was based on the facts that the practically important constituents
can be determined fairly accurately, and that Harmonic prediction
presents no theoretical difficulties like those of Harmonic Analysis. The
investigations of Dr. A. T. Doodson of the Liverpool Tidal Institute
show, however, that the published tables of Harmonic predictions are
also very unsatisfactory.

(1). About half the error in short period tides he attributes to
the inadequate treatment of shallow water effects.

(2). The remaining half is due to tidal constituents, nct included
in Darwin’s schedules of 1883, and whose origin 1s not definitely known.

(8). Time devoted to modification of Harmonic constants by
repeated analyses would be better spent in analysing for new cons-
tituents.

The British Association report for 1920 states  that the principle
of Harmonic analysis is part of the theory of the small oscillations of a
dynamical system, and its application becomes less accurate as the range
of a tide becomes a larger fraction of the depth of the water, or as the
tidal currents become greater. It yet remains to be found to what
precise extent the purely astronomical tide at any station may be ex-
pressed as a series of a reasonable number of Harmonic constituents.
When this has been done, and the methods of analysis and prediction
refined, so as to give predictions correct to this extent, a hopeful

investigation may be made into the residual astronomical tide and the
whole of the meteorological disturbance.”
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Modern investigations are thus more especially directed towards
improving the predictions for Riverain ports and estuaries, having
shallow foreshores, where at present the results are more liable to error,
and to the study of meteorological effects. It is likely therefore that
changes and improvements in the present methods may be introduced
in the course of time.

My acknowledgments are due to Dr. J. pE Graarr HunTER, M. A,,
Se.D., F. Inst. P., more especially for his explanations regarding
the application of corrections to Riverain port predictions and the
multiple contact method of running the Tidal machine; and to
Capt. E. A. Grexng, D.S.O., R.E. for his preliminary notes on
the erection and running of the same. I also take this opportu-
nity of thanking Mr. D. H. Luxa, the tidal assistant, for helping
throughout with the preparation and proof reading of the book
Mr. R. B. MatHURr, B.A. for the preparation of diagrams and correction
of the tables; Computer M. CHaTTERJI of the Computing Office, for
assisting in the compilation of the portion relating to Riverain pre-
dictions as well as in proof reading ; and Mr. Suyam Naravan, B.Se,,
Asstt. Supervisor of the Printing Office, Dehra Din, for his general
superintendence of the printing.

C. M. THOMPSON, Muaisor, I.A.,

Deputy Swperintendent,

CaLcurra : }
Survey of India.

12th April 1926.



Suthep of India

THE TIDES

CHAPTER |
Theory and Computation

1. From early times the rise and fall of the level of the ocean twice,
or nearly so in the 24 hours was attributed to the influence of the moon
and the sun, but this phenomenon was not satisfactorily accounted for
till Newton in 1687 expounded his theory of gravitation which explain-
ed the cause of the tide-generating forces.

The tide-generating force of a satellite at any point tends to
accelerate a body relatively to the earth asif acted on by a force
depending on the difference in magnitude and direction between the
moon’s attraction at that point and at the earth’s centre.

The tide-generating force varies directly as the mass of the tide-
generating body and inversely as the cube of the distance. Hence the
sun, though 254 million times larger than the moon is 389 times as
distant and therefore produces a tide-generating force less than one
half of the moon’s. In order to explain the tidal phenomena two general
elementary theories were evolved, and though neither is actually adequate
to explain the actual tides, they are important as forming the basis of
investigation. ' _

'These theories are known as the equilibrium and canal theories.

2.  The equilibrinm theory.—The figure of equilibrium of the ocean
under the tide-generating force of the moon, supposing that it were
at each moment allowed to assume that position of rest which it would
attain if infinite time were allowed, is a prolate ellipsoid of revolution
with the major axis directed to the moon. The same applies to the
sun. When the tide-generating forces of both are superimposed, we
would find, under this theory, that spring or high tides would occur
at syzygies (conjunction and opposition) and neap or low tides at quadra-
tures ‘moon’s quarters). From syzygy to quadrature the tide would be
found to ‘prime’ or occur earlier than under the moon’s influence
alone. From quadrature to syzygy the tide would be found to ‘lag’
or occur later than under the moon’s influence alone.

The uncorrected equilibrium theory is useful as a working
hypothesis in tidal work, as it enables us to infer suitable forms of
expression for the tidal disturbances, knowing the law of the forces to
which they are due.
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8. The corrected equilibrium theory differs from the former in
assuming the earth not wholly covered by water and so the surface
even of a deep sea cannot actually coincide with the spheroid of the
uncorrected theory, but will be parallel to it, the distance therefrom, at
any given point, varying with time. It applies roughly to small deep
bodies of water.

4. The canal theory.—If the earth’s rotation is taken into account
and the moon’s tide-generating force is conceived as creating waves in
a shallow equatorial canal under 13 miles deep, the moon would
outstrip the waves generated, and the latter would, if allowed to settle
into steady oscillation, cause low water directly under the moon and at
a point opposite to it, or an inversion of the tides that would be expect-
ed from the equilibrium theory.

The consideration of the motion of a free wave in non-equatorial
canals parallel to the equator led to the conclusion that, whilst the
tides of a shallow ocean are inverted at the equator and direct towards
the pole, in a canal somewhere between higher latitudes and the equator,
there would theoretically be quasi-infinite tides with an enormous range
of rise and fall.

6. The above theories did not suffice to solve the problem, which was
of great complexity. The orbits of the earth and moon are not circu-
lar, nor do they lie in the same plane as the equator. Thus the positions
of the sun and moon relatively to the earth are continually varying in
distance, declination and right ascension. Consequently the level of
the ocean is subject to momentary variations in the dynamical actions
of the disturbing bodies and these cause a variety of tides, which recur
periodically, some in long and others in short periods.

After Newton the early workers on tidal theory were Bernoulli,
Maclaurin, Euler and Cavalleri, who all contributed essays to the
Académie des Sciences at Paris in 1738, but little advance in tidal
theory was made till Laplace took up the question about the year
1774.

6. The very difficult mathematical problem of the tide covering the

Problem of the tide 310D€ to a uniform extent was first successfully
covering the globe to  attacked by Laplace. He showed that, whilst the
a uniform extent. tides of a shallow ocean are inverted at the
equator, they are direct towards the poles, but that the other indi-
cation of the canal theory regarding quasi-infinite tides was wrong.
He found instead that theoretically the tidal variation of level vanishes
in some latitude between the equator and pole. At this circle the water
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flows north and south and to and fro between east and west, but
never to raise or depress the level of the sea. It is not true to say that
there is no tide at this cirele of “ evanescent ” tide, for there are tidal
currents without rise or fall. When the ocean was considered as
divided into parallel canals, the north and south currents which prevent
the tides becoming very great as indicated by the canal theory, were
thereby obliterated. (This problem has since been more fully investi-
gated by later mathematicians, notably Mr. S. 8. Hough in 1897-98, vide
the article «“ Tides ” in the Encyclopzdia Britannica, Eleventh Edition).

7. Laplace also treated the problem of the tides by assuming a

Laplace’s method number of fictitious satellites of various masses,
of fictitious satellites moving in circular orbits with uniform motion,
and periodic law. so arranged that the sum of their tidal forces
was exactly the same as that due to the real sun and moon in
their proper orbits. Among these satellites were the mean sun and
moon, and others which correct the motions of the mean sun and moon
for declination, parallax and other inequalities in their wotions.

He moreover enunciated the most important prineiple that the
state of oscillation of a system of bodies in which the primitive condi-
tions of movement have disappeared through friction is co-periodic with
the forces acting on the system.

He thus was able to resolve the tidal forces by considering them as
having simple circular motion of periods dependent on the fictitious
satellites above-mentioned and to discuss the tides at any port by a
combination of theory and observation.

The foundations of Harmonic Analysis were laid by Laplace,
for he enunciated the principle of forced oscillations; he introduced
tidal bodies having uniform motions ; he showed how {o develope the
tide-producing potential in a series of periodic terms and pointed out
the more important harmonic constituents of the astronomical tide; he
developed the method of least squares sufficiently to make it appli-
cable to the determination of the coefficients of a sine and cosine
function of an angle and its harmonics. But he did not attempt an
analysis of equidistant ordinates based upon this knowledge, nor did he
completely develope the tide-producing potential.

The theory now adopted regarding tides is substantially the same,
but presented in an entirely different manner, the fictitious satellites
being discarded, and the results being developed directly.

The connection between the method of Laplace and the modern
method of development may be traced by remembering that the proper
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motion of each one of Laplace’s fictitious satellites is at once derivable
from the argument or angle under the sign of cosine which is associated
with the partial tide in the later discussion, and Lord Kelvin considered
it helpful to retain this connecting link between the earlier and modern
theories. The method of Laplace also serves to explain and illustrate
certain points connected with the nomeneclature of terms used at present.

Subsequent to Laplace and up to about the year 1866 the principal
investigators of tidal theory were Sir J. Lubbock senior, Whewell and Airy.

8. Up to this point the methods of comparison of tidal theory and
tidal observation had been synthetic, i.e. they had merely considered
the tidal wave as a whole, moreover the methods had consisted of
merely averaging the times and heights of high and low-waters in
selected sets or groups, without paying attention to the heights and
times recorded at times other than those of high or low water.

9. In 1866 Sir William Thomson (afterwards Lord Kelvin)
took up the investigation.  Tidal theory was
still very far from representing the actual
state of the tides.  Observations showed in fact that the
irregular distribution of land and water and the varying depths of the
ocean in various places combined with meteorological conditions pro-
duced irregularities in the oscillation of the sea of such complexity that
the rigorous solution of the problem by synthetic methods seemed
unlikely. This state of affairs led Sir William Thomson to abandon
the attempt at mathematical synthesis, and to resolve the complex
whole into a number of separate parts, by means of the method of
Harmonic Analysis.

The methods evolved were afterwards perfected by the investiga-
tions of Mr. E. Roberts, F. R. A. S, and Prof. G. H. Darwin.

In 1882, 1883 and 1885 Prof. G. H. Darwin, (afterwards
Sir George Darwin) presented reports at the British Association
meetings which have ever since formed the standard manual on the
subject. The methods evolved by Darwin are known as the British
Association methods and are those in use in the Survey of India at the
present day.* They are dependent on a spherical Harmonic Analysis of
the tide-generating potential, whereby the theory was developed to a
higher degree of accuracy than had been previously attained. Details
of the method of development are given in G. T. Survey Volume XVI.

Harmonic Analysis

* A still fuller development of the tide-generating potentinl has been made
by Prof. A. T. Doodson, D. Sec. of the Tidal Institute of the University of Liverpool nide
the proceedings of the Royal Society Vol. 100 of 1921, which inclndes further cons-
tituents not included by Prof. Darwin in his schedules. This development includes
all terms whose coefficients, relatively to the greatest coefficient, are greater than
0-00010. This development is considered sufficient to more than cover the needs of
research work.



Cnapr. 1.] THEORY AND COMPUTATION

.

10. A brief account of the method is given here.

If we expand the potential in such a manner as to obtain the
complete expression for a tide in terms of a series of simple harmonic
functions of the time, the principle of forced oscillations allows us to
conclude that the oscillations of the sea will be of the same periods and
types as the several terms of the potential, but with amplitudes and
phases, which can only be deduced by observation.

The portion of the tide following any .period strictly, can
be analysed by Fourier’s theorem into one or more simple cosine terms
whose angles or arguments, (which are proportional to time), go
through 360° and multiples thereof, in the given periodic time. Either
the process or the result is spoken of as a Harmonic Analysis.

The height of the water at any place may be expressed as the sum
of a certain number of simple harmonic functions of the time of which
the periods are known, being the periods of certain constituents of the sun’s
and moon’s motions. Any such harmonie term is called a tidal component
ortide. The expression for it in ordinary analytical notation is 4 cos nt +
B sin nf, or R cos (nt—¢), if A=Rcos {and B=R sin ¢ where ¢ denotes
time measured in any unit from any era, #» the corresponding angular

2
velocity (a quantity such that —/Z—T 1s the period of the function), R and

§ the amplitude and epoch respectively, and 4 and B, coefficients,
immediately determined from observation by Harmonic Analysis, which
consists virtually in the method of least squares, applied to deduce the
most probable values of these coefficients from the observations.

The oscillations of the sea will not however necessarily be of the
simple harmouic form, and accordingly overtides of double and triple
frequency will have to be introduced in order to represent the motion
according to Fourier’s method (compare para 37). Such overtides occur
particularly in rivers and estuaries where the water is shallow and the
waves become distorted. Compound tides also occur, which are explained
in para 38.

The method of Harmonic Analysis thus considers each tide as a
simple harmonic oscillation and each tide is designated by a separate
initial letter or combination of letters selected more or less arbitrarily as
explained in para 39 et seq.

11. Simple Harmonic mntion.— When a point Q moves uniformly in

acircle, the perpendicular QP drawn from its position at any instant to a
fixed diameter AA’ of the circle, intersects the diameter in a point P,
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whose position changes by a simple harmounic motion. The amplitude
or semi-range of the motion is OA or OA’ in the figure.

A

’/

A

Now each partial component tide may similarly be represented by
a circle of known diameter ; and if we suppose a point to move uni-
formly right round the circumference of this circle, so as to makea
complete revolution in the time which is this tide’s period, then the
height of a point above or below the horizontal diameter BB’ of the circle
at any moment, represents the height of the partial tide at that moment.

The velocity of rotation of a tide rests primarily on certain con-
siderations—combinations of the angular velocities of the earth’s rotation
round its axis, the moon’s rotation round the earth, the earth’s round the
sun, and the progression of the moon’s perigee, which are decided
a prior: from theoretical considerations.

These preliminary angular velocities correspond to the arguments
of the fictitious stars of Laplace’s method.

12 The uniform hourly change in the angle of any component is

called its speed, the value of its angle reckoned
pliiggfh;}gli;eécafn- from its high water at any instant is called
its phase, its constant semi-range is called its

amplitude, and the epoch or lag is the angle in degrees, which the arm
0Q (vide figure) revolving uniformly in the period of the particular
tide has to run through till higch water of this constituent from a certain
instant or era of reckoning, dependent in the case of each particular
tide on the astronomical cause to which it is attributable.

Otherwise expressed, the epoch may be defined as the constant
angular retard of the maximum of any component behind its astrono-

mical cause or fictitious satellite’s transit, as assigned under Laplace’s
thethod.
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Thus if = denote the periodic speed of a tide and &its epoch, its

time of high water is % hours after the transit of the fictitious satellite.

The epoch thus enables us to ascertain the point which the tide has
reached at any given moment during its movement over the circum-
ference of the circle.

13. The amplitude and epoch form a pair of tidal constants
referring to the particular place where the obser-
vations were made.

14. As the component tides into which the tldal wave is resolved by

Composition of sim- the method of Harmonic Analysis follow the
ple harmonic mo- simple harmonic law, the resultant variation of
tions. level, when their motion is compounded, affords an
example of the composition of simple harmonic motions in one line.

Thus the momentarily varying level of the surface of the ocean is
supposed to be the resultant.of a large number of tides, each of which
is perfectly independent of all the others, and has its own amplitude
and period of revolution, which remain constant throughout all time.
Occasionally several of the most important tides are in conjunction, and
then the range between high and low water is a maximum, as at spring
tides ; at others, some tides are in opposition to others, and then the
tidal range is a minimum, as occurs at neap tides.

If therefore we are able to find by means of continuous observa-
tions of the varying level of the sea, through obliterating the effects of
extraneous tides, the amplitude and epoch of each of the several tides,
of which the height of the sea level is the resultant, and also know the
velocities of rotation of these constituent tides, we are in a position to
be able to compute and predict the height of the sea level, at any future
moment, at the station where the observations were taken, on which our
caleulations are based.

15. We may exhibit graphically any case of single simple
or. compound simple harmonic motion in one
line by curves, in which the absciss® repre-
sent the intervals of time and the ordinates the corresponding dis-
tances of the moving point from its mean position. In the case of a
single simple harmonic motion, the corresponding curve would be that
described by the point P in the figure on page 6, if, while Q maintained its
uniform circular motion, the circle were to move with uniform velocity
in any direction perpendicular to OA. The curve in this case would be
the simple harmonic curve of sines (or cosines).

Tidal constants.

Harmonic curves.
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At places where the semidiurnal component tides are much larger
than the diurnal, quarter diurnals ete., the tidal curve will be found to
approximate towards a sine (or cosine) curve whose period is about 12
lunar hours.

The actual tidal curves are usually more complex, particularly in
the tropics where the inequality in the diurnal tide is large, and also its
range.

16. The harmonic analysis of tidal observations consists in
the dissection of the aggregate tidal wave into
a number of partial constituent waves of which
the amplitude and epoch are determined, and prediction involves
the recomposition or synthesis of these waves. In the synthetic
process, the partial waves have to be recompounded in their proper
relative positions which are determined by the positions of the moon
and sun at the time chosen for the commencement of the prediction.
This can be effected by a laborious process of mathematical computation,
uniting each group of tides (e.g. diurnal, semidiurnal ete.,) into single
waves and finally into a resultant wave. The task of forming a general
tide table by these means consists in the determination of all the
possible periods and heights of tke resultant wave and the tabulation of
the heights and intervals after the moon’s passage of its high and low
water.

Prediction,

17. The synthesis is however more easily carried out by means of
Tide-predicting the tide-predicting machine, which was invented
machine. by Lord Kelvin in 1872, and constructed under the
supervision and design of Mr. E. Roberts, F.R.A.S. by Messrs. Légé

and Co. of Paris.

This machine effects the composition of simple harmonic motions
in one line and traces the tidal curves on a diagram. By measurements
of the absciss® and ordinates from the latter the times and heights of
the tides at any time can be read.

A fuller description of this machine and the method of its employ-
ment are given in Chapter II.

18. A tide may be defined as the daily rising and falling of the

Explanations of cer- waters of the ocean.
tain terms used in
tidal work.

An astronomical tide is a tide due to the attractions of the subp
and moon.
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A meteorological tide may be defined as the regular alternation of
sea level due to the wind, changes of atmospheric pressure, and other
meteorological causes, e.g. land and sea breezes by day and night, the
melting of snows, and annual variability- in rainfall and evaporation
which produce such apparently periodic changes of level in river
estuaries, that they partake of the tidal character. These causes give
rise to daily, semi-annual and annual meteorological tides.

19. The terms “ebb and flow ” in tidal rivers are not synonymous
with ¢ rise and fall”’ for at the moment of high water the current is most
rapid up stream and at low water most rapid down stream. Hence the
tidal current ““ flows ” long after high water has passed and “ebbs” for a
long time after low water and when the water level is rising. Asa
consequence the tide in rivers rises quicker than it falls, and a shorter
time elapses between low and high water than between high and low
water.

When an estuary conmtracts considerably, the range of a tide
becomes greatly magnified as it narrows. The augmentation of the
height is due to the concentration of the energy of the motion of a
large mass of water into a narrow space.

20. Bore or Eagre.—The heading back of the sea water by the na-
tural current of the river, and the progressive change of the shape of a wave
in shallow water, which gradually steepens in front, while its rear slope
becomes more gradual, is supposed to cause the phenomenon known as a
bore or eagre, in which the tide rises with such rapidity that the wave
assumes the form of a wall of water and advances in this form. The
following Indian rivers have bores :—the Ganges, the Hooghly, Brahma-
putra and Indus.

The phenomenon also occurs in rivers in other countries, as well as
in parrow arms of the sea, e.g. the Amazon, Tsientang, Garonne,
Dordogne, Seine, Trent, Severn, Wye rivers and the Solway Frith,
arms and bays of the Bay of Fundy.

21. Seickes are short-period oscillations, (usually from about 10 to
60 minutes), existing at times in lakes or land-locked bays. They
represent oscillations in which usually the whole body of the liquid
swings to and fro. They are caused by sudden changes in atmospherie

pressure, or winds which sweep over its surface, etc. The period of such
a seiche 1s

twice length of lake
gk
where g denotes the acceleration of gravity, and A, the depth of the lake
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or bay. Seiches may not always be uni-nodal as supposed above, nor
does the nodal line always run transversely to the body of water.

An account of seiches is given in Darwin’s Tides. The pheno-
menon has been observed on lakes such as Lake Constance and Lake
Geneva ete., and on bays in India, compare p. 337 of the U. S. Coast
and Geodetic Survey Report for 1897. Such a seiche with a period of
about 15 minutes exists in Madras harbour. '

22. Establishkment of a port.—For a very rough determination of the
time of high water, it is sufficient to add the solar time of high water
on the days of full and change of moon, called the ¢ vulgar establish-
ment of the port ” to the time of the moon’s passage over the meridian,
either visibly above or invisibly below the horizon.

23. Corrected Establishment of a port.—Spring tide occurs from 1
to 3 days after the full and change of moon. Itis more important to know
what occurs at spring tide than at new and full moon, so that the
term ¢ corrected establishment of a port >’ is used to denote the inter-
val elapsing at a spring tide between the moon’s transit and high water.
The difference between the ordinary and corrected establishments is of
small amount.

24 Spring rise, Neap range, Neap rise.—The average height at
spring tide between high and low water marks is called the ¢ spring rise’.
That at neap tides however is called ¢the neap range’. The term  neap
rise’ is used to mean the average height between high water of neap
tides and the low water of spring tides. The term “ rise ’ thus refers to
the rise above level of low water at spring tides, both in the cases of
spring and neap tides.

25. Age of the tide.—The average interval elapsing between the full
or change of moon and spring tide is called ‘ the age of the tide,” as it
represents the age or interval which the tide is assumed to take to reach
a place after the moon’s meridian passage at full or change of moon.

26. The mean establishment of a port.—The mean establishment
comprising the mean of all the luni-tidal intervals is that generally
utilised, as its value is not dependent on the age of the tide,
as is the value of the vulgar establishment, and -the corrections
to the mean value on account of age are not variable in the
same manner as those which have to be applied to the vulgar establish-
ment. The mean establishment can be computed by taking the mean
of the luni-tidal intervals for a whole lunation z.e. from one new

moon to the next one succeeding it. The computation is carried out as
follows :—
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Select a whole month’s tidal registerations preferably in mid-year.
Find out from the Nautical Almanac the date and time of the new
moon for the particular month selected. This is given in astronomical
time each day commencing and ending at noon*. The tidal registra-
tions are generally in civil time, each day commencing and ending at
midnight. Convert astronomical to eivil time for the values of the
transits and make out a table as fallows: —

. . Time of moon’s transit
Time of high water at Greenwich in

i 1 n time, . .
in local mea Greenwich mean time.

Luni-tidal

Date interval.

It should be noted that the time of high water will always be after
that of the moon’s transit and hence the former will be the greater.

The mean of all the luni-tidal intervals is then taken out.

This mean is referred to the time of moon’s transit at Greenwich.
It is now necessary to correct this so as to refer to the local time of
transit over the meridian of the place. Now the moon moves away
from the sun, so that its distance increases by about 48 minutes in 24
hours so that roughly a correction of about minus 2 minutes is necessary
for every hour of longitude east of Greenwich.

This correction having been applied, the resulting value is the
mean establishment of the port.

Values of the mean establishment of each port are published in the
tide tables derived from several sets of results, computed as above
explained.

27. In the case of predictions for Riverain ports, it has been
found better to refer the tides not to the moon’s
transits immediately preceding, but to transits
varying from 21 to 40 hours previously. Monthly
mean values of the intervals are thus obtained between moon’s transit
and high and low water, ard charts of these are plotted corresponding
to each hour. The values corresponding to the transits read from these
charts undergo further corrections for declination, parallax, as well as
for readings taken from a curve representing the diurnal tide.

Predictions for
Riverain ports.

In this method the tides are referred to transits of the moon at
Greenwich in order to simplify the computations, and to obviate the
necessity of finding the local temes of transit.

* From 1925 onwards the times styled G. M. T. are rcckoned from midnight, as
in civil usage, so as to correspond with the civil date, instead of from noon, this change
having been notificd by the Nautical Almanac.
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- The method of Riverain prediction is fully explained in Chapter I
para 109 et seq.

28. Diurnal Inequality.—Although this term may be applied to
the times and heights of high water, yet its application has more
immediate reference to the height, as the rise and fall in feet is the
important question to the pilot.

The reason for the diurnal inequality is best explained by means of
a diagram.

Z p
Q R
B E
Q R
RII
N

Taking the equilibrinm theory as a working hypothesis, the lunar
tide must be highest when the moon is nearest the zenith or nadir,
Z and N in the diagram. Hence high tide takes place at the moon’s
upper or lower transits, when its zenith and nadir distance are least.

But for a place in north latitude, when the moon’s declination is
north, it describes a small circle Q'R’, and its least zenith distance
ZQ' 1s less than its least nadir distance NR'. Hence there is a differ-
ence of height between alternate superior and inferior high waters, the
superior high water meaning that which occurs when the moon is above
the horizon, and the inferior when it is below. Thus the diurnal
inequality vanishes, when the moon is on the equator EE’ and is at its
maximum, when the declination is greatest. But there is a more marked
diurnal inequality in alternate low waters, and, as the difference
amounts sometimes to nearly one-half of the extreme range of the
spring tides in the tropics, the importance of having tide-tables which
recognise these inequalities of both high and low waters cannot be
exaggerated.

9. Datum of soundings or Plane of reference.—In England the
diurnal inequality is so small as to be relatively unimportant, and in
1878 in the Admiralty tide-tables, times were only predicted for the
time and mean height of the high waters, while the zero of the tables
was given as the mean height of the low water of ordinary spring tides.
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The observations at Karachi made it obvious that the Admiralty
method was insufficient for our inter-tropical tide, as it ignored the
diurnal inequality, and a datum of reference, based on means of low
waters, which varied by as much as 5 to 8 feet would not be satisfac-
tory, as many low waters would fall below the zero and become
negative.

The British Admiralty refer their soundings and tide-tables, as
already stated, to the mean low water mark of ordinary spring tides.

In India however, on account of the diurnal inequality, the datum
of reference was taken as below the mean sea-level by the sum of the
semi-ranges of the tides M,, S, K,, and O, (vide para 42). This
datum is called the Indian “ spring low-water mark.” This differs
from the Admiralty datum of soundings which we have to adopt
in our tide-tables in order to agree with their charts.

As, in spite of the adoption of the above datum, we still continue
to obtain negative results for low water heights, it has been suggested
for consideration by the Hydrographer to the Admiralty, London S.W.
that we should adopt a still lower datum of reference viz:—a datum
obtained by deducting from mean sea-level the sum of the semi-ranges
of the tides M,, S,, K,, O, and also Sa.

30. The results obtained from tidal observations are both of scientific
and practical utility. Though we have little to
do with the scientific side of the subject at pre-
sent, 1t may not be out of place to mention
that a better knowledge of the laws of the tides is expected to lead to
an evaluation of the mass of the moon, to more definite information
regarding the rigidity of the earth, to an approximation of the depth of
the sea from the observed velocities of tidal waves, and to information
regarding the retardation of the earth’s velocity due to tidal friction, ete.

31. Tidal friction.—In the evolution of worlds, tidal action has had a
very important influence. It has long been recognised that, in the
case of the earth, the tidal wave must act as a kind of frietion brake,
gradually retarding the rate of rotation. But any such change in the
rate of rotation of the primary body must be accompanied by changes
in the distance and time of revolution of the moon. Calculating
backwards Prof. G. H. Darwin has found that originally the moon
must have been nearer the earth. Previous to its existence as a separate
satellite it was part and parcel of the earth and its origin as a satellite
is believed to have been due to the tidal action of the sun acting upon
a fluid or semi-fluid body, whose period of rotation was nearly equal to

The objects of ti-
dal research.



14

Cuar. 1) THE TIDES

its natural period of oscillation. Thus the properly timed impulses
acted so as to produce large tidal distortions, which finally resulted in
the separation of the body into two parts. The tidal action of the
earth has long ago compelled the latter to rotate upon its axis in
exactly the same time as it revolves in its orbit. There can be little
doubt that before the moon had cooled down to its present unchange-
able condition, very large tides must have been generated in it, and
these would act as friction brakes, so long as the period of the moon’s
axial rotation was shorter than its time of orbital revolution. There is
evidence of Jupiter’s satellites having the same peculiarity, and it is now
believed that Venus and Mercury have their day equal to their year.
This would be attributable to the fact that the greater proximity of the
sun to the two inferior planets would produce correspondingly larger
tides with a correspondingly quicker reduction of the axial to the
orbital period. Similar to the tides, as they exist in the fluid portion
of the earth, there are tidal stresses in the solid crust, and it has
been considered that they may possibly be a factor in the production of
earthquakes. Prof. G. H. Darwin has considered the question as to
whether there is any evidence of a slight ylelding of the erust under the
influence of tidal stresses. He finds evidence of a slight yielding
showing that the earth has an effective rigidity about equal to steel.

GENERAL DESCRIPTION OF THE TiDEs.

32. As already explained in para 28, there are diurnal in-
equalities in the tides owing to the varying declination of the sun and
moon. These phenomena can be represented by supposing a diurnal
tide high only once in a lunar day of 24" 50™ combined with a semi-
diurnal tide high twice in this period ; also a diurnal tide high once in
a solar day of 24" combined with a semi-diurnal tide high twice in this
period.

The moon’s declination goes through a complete cycle of chang-
es in a lunar month. Thus for half a month the moon’s declina-
tion will be north and for half a month south of the equator, and, at
corresponding periods, will have the same value but be of opposite sign.
Hence it will describe diurnal circles equidistant from the equator at
intervals of a fortnight, and the tides so formed have the same heights.
This can be represented by supposing a fortnightly tide of the proper
height combined with the diurnal and semi-diurnal ones. In just the
same way the smaller tides, caused by the sun, can be artificially repre-
sented by combining a diurnal and semi-diurnal tide, (the solar day
being used), and a semi-annual tide.
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It may likewise be shown that according as the moon is in apogee
or perigee, there will be a lesser or greater heaping up of water round
the equator and sinking at the poles, and so there would be a monthly
tide from this cause called the lunar monthly elliptic, and for similar
reasons there would be an annual solar tide caused by parallax, as the
earth was nearer or further from the sun.

There are also meteorological tides, as already explained in para 18,
of daily, semi-annual or annual periods.

33. Hence the chief tidal constituents in most localities are :—

1. Lunar and solar semi-diurnal tides.

2. Lunar and solar diurnal tides.

3. Lunar fortnightly and solar semi-annual tides.
4. Lunar monthly and solar annual tides.

34. Short period tides.—Of these all tides which recur in periods
of or about a day in duration or any aliquot part of the quasi-diurnal
period are classified as short period tides.

Long period tides.—The remainder of periods of a fortnight, a
month, 6 months, a year, etc. are class.fied as long period tides. One
exceptional tide, the 19-yearly is due to the rotation of the moon’s nodes
in 186 years vide end of para 41.

It has been reasoned also that there should be a very minute tide
due to forced nutation and precession of a probable period of about 430
days, the effects of which may be detectable by careful observation
(vide Darwin’s Tides page 231, and Christie’s “ Latitude variation
tide”).

35. As certain terms concerning the relative movements of the

Inequalities m the 00T the sun and the earth enter into tidal work
relative motion of and theory, the following explanation of these terms

the sun, moon and is h o
earth. s here given.

The moon’s distance from the earth is not the same in different
parts of its orbit. The form of its orbit is an ellipse with the earth in
one of the foci. This ellipse is however continually distorted by various
inequalities, chiefly due to the sun’s attractive energy contending with
that of the earth for mastery over its satellite.

The lubar orbit is inclined at to the earth’s orbit or ecliptic at an
angle of 5° 8' 40". The points where the two orbits intersect are called
the nodes, and the line joining them the line of nodes. The point of
the lunar orbit nearest the earth is the perigee and that most distant
the apogee, and the line joining them the line of apsides.
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Béth the line of nodes and the line of apsides change their places,
the former turning completely round in 186 years, the latter in nearly
9 years. These motions which are due to the sun’s disturbing influence
take place in opposite directions, the line of apsides revolving with the
orbital motion, the line of nodes against it. Thus the form of the
moon’s orbit, and the varying nature of the forces governing it, as well
as the perturbing influence cf the sun cause variations in the moon’s
velocity. These are allowed for usually, by taking as a foundation the
meah or average angular velocity, and considering its variations under
the title of inequalities.

36. The tides which arise from these inequalities are classified as
elliptic, declinational, variational or evectional.

Elliptic declination- The term elliptic is applied to those tides
al, vanational and ] ) .
evectional tides, which depend on the quicker or slower motion

in different parts of their elliptic orbits of the
sun, moon and earth, and the consequent increase or decrease of the
disturbing forces as the bodies approach or recede from each other
(i.e. the parallax).

The term declinational is applied to those tides which are caused
by the changing declinations of the disturbing bodies.

The term variational is applied to those tides caused by the moon’s
variation, which i1s an inequality in the moon’s motion arising from
changes in direction and ameunt of the sun’s disturbing force upon it, as
1t moves in its own orbit.

The term evectional is applied to thcse tides which arise from the
moon’s evection, an inequality in its motion depending on the position
of the axis of the moon’s orbit and the line of nodes with regard to the
sun, the effects of which are complicated.

The diurnal and semi-diurnal tides have inequalities caused by

parallax, and therefore there are elliptic diurnal and semi-diurnal tides.
The solar annual is also an elliptic tide. The semi-diurnal tides also
have inequalities depending on the varying declinations of the sun and
moon, and there are therefore declinational semi-diurnal tides. The lunar
semi-diurnal tide also has inequalities depending on the evection and
variation perturbations of the moon, and there are therefore lunar
evectional and variational semi-diurnal tides.

37. Out in the ocean the principal lunar semi-diurnal tide
is a rimple wave, but when it runs into shal-

) ides. : i
Overtides low water at the coast line, and still more so
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in an estuary, it changes its shape. The low water lasts longer
than high water in rivers, as already mentioned in para 19, and the time
which elapses from low to high water is generally shorter than that from
high to low water. The wave is no longer simple, and this has to be
considered as consisting of the fundamental lunar semi-diurnal wave with
a period of 12 hrs. 50 miuns., of the first overtide or octave with a period
of 6 hrs. 25 mins., and of the second overtide or twelfth with a period of
4 hrs. 17 mins., and of the third overtide or double octave with a period
of 3 hrs. 13 mins., ete.

Hence in shallow water, as hereafter explained in para 43, we find
the component tides M,, S,, Ny; etec. accompanied by the overtides M,,
S,, N,; M, S;, N;; ete.

The analogy with musical notes is here complete, for a musical note
of any quality is built up of a fundamental, together with its octave
aund twelfth, which are called overtones. So also the distorted tidal wave
in a river is regarded as consisting of a simple fundamental tide with
overtides of one-half and one-third the length and period of the funda-
mental wave.

In estuaries the first overtide of the lunar semidiurnal tide is often
of great importance and even the second is cousiderable, the third is
usually small and the fourth and higher overtides imperceptible. In
the same way overtides must be introduced to represent the change of
form of the principal solar semi-diurnal tide, but it is not usually found
necessary to consider them in the case of the less important partial tides.
"The octave and the twelfth may legitimately be classed as due to the
attractions of the sun and the moon, although arising indirectly from
the distortion cgused by the shallowness of the water.

38. In shallow water there may be sensible compound tides, viz :—
the lunar and solar tides will give rise to tides having
for their arguments the sum and difference of the
arguments, or multiples of the arguments of the original tides. For
inetance as explained hereafter in para 41 the original tides 2y — 24 or M
and 2y — 27 or S, the sum of which gives 4y — 20 — 27, a quarter-diurnal
tide, and the difference 20 —27 a synodic * fortnightly tide. There ap-
pears also to be a shallow water semi-diurnal tide of sensible magnitude,
whose argument is,

4 (y=0a)—2 (y—n) or y—4 o429

Compound Tides.

_* The term synodic is applied to the tides dependent on the sun and moon being in
conjunction.
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but tlis is also the argument of the variation tide, and this will
account for any perturbations in the value of that tide (vide
table in para 42).

These compound tides are sometimes called Helmholtz tides from
their analogy with his theory of compound sounds.

39. The followicg description extracted from the British Associa-
tion report of 1920 gives a full account of the Harmonie Tidal constituents
that have been derived. It may be mentioned that the nomenclature of the
tides has been carried out partly by the use of English, and, partly, by
the use of Greek letters. The former were accepted as denoting some
of the fictitious satellites of Laplace’s theory, eg. M, the mean Moon,
S the mean Sun, ete.; the latter from «, the earth’s velocity of rotation,
o the mean motion of the Moon, 7, the mean motion of the Sun, =, the
mean motion of Lunar Perigee. Some were arbitrarily named.

40. Harmonic Tidal Constituents.—The gravitational forces gene-
rating the tides are derivable from a potential which is everywhere pro-

_portional to what the height of the tide would be if water covered the whole
earth and had lostits inertia without losing its gravitational properties.

Such a tide—the equilibrium tide —may be caleulated by adding the
amounts by which a certain pair of nearly spherical surfaces of revolu-
tion project above the mean water level. FEach of these surfaces
encloses a volume equal to that of the earth, and is slightly variable in
shape. They move so that their axes, while always passing through
the centre of the earth, also always pass through the centres of the sun

‘and moon respectively. The tides due to either of these spheroids may
be expressed as a series of constituents, each of which varies harmoni-
cally in a period determined by astronomical data. From dynamical
principles it follows that to each of these constithents there will
“correspond a similar constituent in the actual tides, that is, a cons-
tituent varying harmonically in the same period.

To find, in the actual tides at any station, the amplitude of each
of these constituents, together with the lag of its phase behind that of
the corresponding constituent of the generating potential, is the object
of the harmonic analysis of tidal observations.

41. Let us consider the speeds of the constituents of lunar origin;
we have to examine the motion, relative to any point on the earth’s sur-
face, of the spheroid whose axis passes always through the moon.

The pole of this spheroid which is nearer the moon is a little
further from the earth’s centre than is the opposite pole, while the
whole departure from sphericity depends on the distance of the moon.
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Let y denote the angular speed of the earth’s rotation and o the
mean motion of the moon.

1f the moon moved with constant anO'ular speed in the plane of the
equator and at a constant distance from the earth, we should have, at
any station, high water occurring regularly at intervals of n/(y—0c)
with a maximum range of tide at the equator. The rise and fall of the
water would not be quite simply harmonie, but could be resolved, with
sufficient accuracy, into a harmonic constituent of speed 2 (y—o), of
amplitude inversely proportional to the cube of the moon’s distance, and
two much smaller constituents of speeds (y—o), 3(y—o), and of
amplitudes inversely proportional to the fourth power of the moon’s
distance. The fact that the moon does not move as here supposed
causes many modifications, but it i1s only on the constituent of speed
2 (y— o) that their effect need be considered.

Let us suppose the moon to move in the equator, but take into
account the elliptie, evectional and variational inequalities in her distance
and motion. These inequalities have speeds

c-w,8(c—w), (c—29+w),2 (c-7)
where = denotes the mean motion of the lunar perigee and 7 that of
the sun. The effect of each 1s to make the moon’s sidereal motion
increase and decrease with the reciprocal of her distance, and thus to
make the period of the tides increase and decrease with their range.
The effect of the first order elliptic inequality and the evectional
inequality is the introduction of new harmonic constituents of speeds
2(y=0) + (o-w),2 (y=0) + (o—2n+w)
of which, for the reason just given,the greater are those of speeds
R (y—-0) = (c—w), 2 (y—0) — (6—2+w).

The effect of the second order elliptic and evectional inequalities is
sufficiently represented by the introduction of new harmonic constituents
of speeds—

2(y=0)=2(c—-=), 2 (y—0)=2 (¢—9).

The daily mean level of the water depends slightly on the departure
from sphericity of the spheroid, so that we have long-period elliptic,
evectional, and variational constituents of speeds,

g—w,0 - n+w, 2 (o~7)
respectively.

If the moon moved with constant angular speed in a parallel of
latitude other than the equator, consecutive high tides would be unequal
except at the equator, and we should require the introduction of a new
constituent of speed vy —o, with an amplitude vanishing at the equator.
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Also, the amplitude of the constituent speed 2 (y—a) would be less
than when the moon was in the equator.

But since the declination of the moon changes, the diurnal conqtltuent
requires modification. If its amplitude could be regarded as changing
harmonically with speed o, it would be replaced by two harmonie
constituents of equal amplitudes and speeds y — o+ o.

Owing to the fact that this is not quite so, the amplitude of the
constituent of speed (y—=2c) is a little greater than that of speed v,
and there is another smaller constituent of speed y + 2.

Again, introducing the first order elliptic inequality we get new
harmonic constituents of speeds (y—20) + (c—w), v + (c—w),
of which those of speeds (y—o + =) are regarded as forming a single
constituent of speed (y—a) and slowly varying amplitude. The second
order elliptic, the evectional and variational inequalities give rise to new
constituents of speeds (y—20) — 2 (0—w=), (y—20) — (6 —29+ @),
(y—2s) — 2 (c—19).

Also, the changing declination of the moon causes the amplitudes
of the semi-diurnal constituents to vary, but it is sufficiently accurate
to take mean values 1n all cases except that of speed 2 (v —o).

As the effect is to make the speed and range of the tide increase or
decrease together, we get a new constituent of speed 2 (y—o) + 20.

Again, the changing declination of the moon introduces the
principa.l variation in daily mean level, in the form of a constituent of
speed 20 which with the first order elliptic inequality gives two more
of speeds 20 + (oc—w).

The amplitudes of all the constituents depending on the inclination
of the moon’s orbit to the equator vary with the position of the node
on the ecliptic. As the monthly mean level also depends on the incli-
nation of the moon’s orbit to the equator, we have a small constituent
with a speed N equal to that of revolution of the moon’s nodes. The
speeds of the constituents of solar origin may be similarly determined,
but only the declinational and first order elllptlc effects on the primary
constituent need be considered.

42. On collecting the results we have the following tables. The
constituents of the same species have similar geogra-
phical distributions of generating potential ; they are
arranged in decreasing order of magnitude. The symbols are the same
as those in general use, with the exception of o, which is now introdue-
ed for the first time. The corresponding amplitude in the generating
potential is larger than that of some of the constituents given in the

Liat of constituents.
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other species. All the constituents given in the tables have, according to
Darwin, larger amplitudes in the generating potential than any

omitted.
Semi-Diurnal Species.
Symbol. Name. Speed. Sp;zg li]?s .dlf ggies
M, | Principal lunar o 2 (y~o) 28-9841042
S, | Principal solar . 2 (y—m) 30-0000000
N, | Larger lunar elliptic . 2y—3c+w 28-4397296
K, | Luni-solar declinational ... 2y 30-0821372
v, | Larger lunar evectional ... [2y—3c+42n- = 28:5125830
L, | Smaller lunar elliptic ... y-~o—w 295284783
T, | Solar elliptic 2y — 37 29-9589314
2N, | 2nd order lunar elliptic ...| 2y—4o+2w 278953548
ty | Lunar variational oo | 2y—4do+2 9| 27-9682084
Ay | Smaller lunar evectional ... | 2y —c—2n+="| 294556234

Principal Diurnal Species.

Symbol. Name. , Speed. Sppe:;lnl:; d}&g;fes
K, | Luni-solar declinational ... Y 15:0410686
O, | Larger lunar declinational v— 20 139430356
P, | Larger solar declinational vy—2n 14.-9589314
Q, Lunar elliptic y—3octw 13-3986609
J, | Supplementary lunar elhpblc Yto—w 155854433

0O, | Second order lunar v+ 20 16-1391016
p1 | Lunar evectional o | y—8c+2np—w | 13-4715144
2Q, | 2nd order lupnar elliptic ...| y—40+ 2w 12-8542862
o, | Lunar variational v--4o+ 29 12-9271398
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Long Period Species.

Symbol. Name. Speed. Slp)gdl:; d}:.g;gfas
Mt Lunar fortnightly | 20 .| 1-0980330
Mm | Lunar monthly ... |o- = .| 0°-5443747
Ssa Solar semi-annual .. | 29 0-0821372
— Nineteen yearly ... [ N ... | 19-34 per annum
-— Ter-mensual I - 1-6424077
— | Monthly evectional |oc—29+w .| 0-4715211
MSf | Fortnightly

variational ... |2 (o¢-17) ... 1-0158958
Sa Solar annual o m 0-0410686

Note 1.—The speeds in degrees per ms. hour have been added to the tables
given in the B. A. report and the nomenclature of tides made to agree with that in use
on the tide-predicting machine and in the computations.

Note 2.—Thectubscript figures after the initial letter or letters in the symbols
applied to a tide refer to the period of the tide. Thus M, is a lunar diurnal tide, M,
a lunar semi-dinrnal tide, M, » lunar quarter-diurnal overtide.

(2M:K,); is a compound ter-diurnal tide, M;N a compound quarter-diurnal
tide, etc.

Besides the above there is the constituent M, of speed y—ao which
consists partly of that of variable amplitude of the principal diurnal
species and partly of that of amplitude inversely proportional to the
fourth power of the moon’s distance. There is also the ter-diurnal
constituent M, of speed 3 (y—o) and amplitude inversely proportional
to the fourth power of the moon’s distance.

SHALLOW WaTER CONSTITUENTS.

43. In shallow water a harmonic constituent is accompanied by
others having for their phases multiples of the phase of the primary consti-
tuent. Also, two harmonic constituents are accompanied by two
others, h-aving for their phases the sum and difference of the phases
of the primary constituents. Some of these shallow water constituents
have speeds the same as those of certain primary constituents, (vidv
the description of overtides and compound tides paras 37 & 38.)

In the following tables only those shallow water constituents are
mentioned which it has been the custom to consider hitherto.
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Primary Constituents affected by Shallow Water Constituents.

Primary constituent of

Speed in degrees

Symbol. shallow water effect. Speed. per ms. hour.
M, K, O y+9 — 20 28-9841042
L, N, M, 4 (y— a)—(2fy——3a'+w) 29-5284788

Moy 2SM | S, M, 4(y—a)—2(y—7) .. 2'_7'9682(?84«
K, M, O, 2 (y—o)— (y—20) 15-0410686
O, M, K, 2(y—a)—v 13-9430356
P, K, S, 2 (y—m)—y 149589314
Q K, N, (Ry—38c+ =) —q 13-3986609
Mf K, O, y—(y—20) 1:0980330
Mm M, N, R(y—0o)—(2y -3+ w) 0-5443747
MSEt | M, S, 2(y—n)—2(y—0o) . 1:0158958
M, O, N, (Ry—30 + w)—(fy—.?a) 14.-4920521

Other Shallow Water Constituents.
M, M, 1 (y—o0) 579682082
M, M, 6 (y—o) 86-9523126
M, |M, 8 (y—o) 115-9364) 64
S, S, 4 (y-—-1n) 60-0000000
S, S, 6 (y—7) 90-0000000

(MS), | M, S, dy—20 — 2 589841042

(M,K,), | M, K, M, O, 3y—2Rc 44-0251728

(2M,K,),! M, O, M, K, 3y - 4da 42-9271398

(S.K)s [ Sy Ky 3y—2n 450410686

(M,N), | M, N, dy—bo+w 574238338

(2SM), | S, M, 2y 420 —4n 31:0156958

Mzrrrororocicatr, CONSTITUENTS.
44. The observed values of Ssa and Sa are largely of meteorolo-

gical origin, as also those of S, of speed y—7 or 150000000 degrees

per ms. hour.

4H.

the tide-predicting machine, viz :—

Only 24 of the tides above described are taken account of by
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M, S, K, OON, P, K,, g, v, L, T, Q, J, MS, 28M, ¢
or Sa, 27 or Ssa, M,, M, §,, 2N, M,N, 2M,K, and M/K,,
of which about 12 represent the true astronomical tide. This number of
components is sufficient to represent the tide at all seaports, but the
number of components is not sufficient to represent the tide at Riverain
ports which have to be dealt with by the method of computing the
semidiurnal tide, and correcting it by means of a curve run on the
machine for the diurnal tide, as explained in Chapter I para 109.

BisrLioGRAPHY

46. The following books will be found of assistance in connection
with the study of tidal theory :—

Mécanique Celeste of Laplace 1829-1832.

Notes on the Harmonic Analysis of Tidal Observations, prepared
for the use of officers of the Great Trigonometrical Survey of India.
London. 1872.

Memorandum on Indian Tides. Commander A. Dundas Taylor
I. M. & F. R. G. S. 1878.

An account of the Tidal Observations in the Gulf of Cutch.
J. Waterhouse. Journal of the Asiatic Society of Bengal. 1878.

Harmonic Anpalysis. G. H. Darwin. Report to the British Asso-
ciation 18%3. )

Results of the Harmonie Analysis of Tidal Observations.
A. W. Baird, R.E. and Prof. G. H. Darwin, F.R.S. Reprinted from
the proceedings of the Royal Society, 1885.

Baird’s Manual for Tidal observations 1886.

Bakerian lecture on Tidal Prediction. Prof. G. H, Darwin
F.R.S. 1891.

Mathematical Astronomy. Barlow and Bryan 1892.

Tidal Rivers. W. H. Wheeler M.I.C.E. 1893.

The Latitude variation tide. A.S. Christie. Philosophical Society
of Washington Bulletin Vol. 13,1895.
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Harmonic ANavysis oF TipaL (VBSERVATIONS.

47. Before proceeding to an account of the method in which the
observations are manipulated numerically, it will be advisable to give
a brief sketch of some of the properties of harmonic curves, their
connection with the tidal observations and the means of determining
the various constants.

A curve of this form may be represented by the equation

Harmonic curves. y=a cos (nz+b).

The curve is periodic, that is to say, after a certain period it takes
its original form: for if # + 27—:- is put for #, y again becomes
a cos (nx+b).

1f

length’ of the curve; for it is the distance along the axis of « between
two successive equal and similarly placed ordinates. The constant a is
called the ‘amplitude’ of the curve because its value is that of the

;r is put equal to A, then the quantity A is called the ‘wave-

4

greatest displacement. The angle wx + & orz—; x + bis called the

‘phase’ of the curve: the constant 4 is therefore known if the phase is
given for any value of z.
Any two curves of equal wave-length may be combined into another

of the same wave-length. For the equation
2 g
Yy = a,cos (T r + bl) + a, cos («7\ z + 62)

)

~T . . . i
= (@, cos b, + a, cos b ) cos N (a, sin &, + a, sin b,) sin Q{x
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(2_”HB)

where = a4 a,’ +‘) e, a, cos (b - b,),

a, sin &, + a, sin b,

a, cos bl + a, cos b,

represents a harmonic curve of the same wave-length as. the two

components. Similarly for any number of curves of the same wave-
length.

and tan B =

Two or more curves of different wave-lengths cannot however
be combined into a single harmonic curve; but if the wave-lengths are
commensurable the resultant curve is periodic. For let

R
y = a, cos (}\ z+4b )+a2 cos(k—x4-b)+n3cos (—.z'+b + &ec.,

and let A be the least common multiple of A}, Ay, A,, &e., so that their
A A

actual values are —, —, —, &e., where m,, m,, m,, &c., are integers;
ny’ my’ Mg’

B) D)
then y = a, cos (—i—rm1 T+ b,) + a, cos ( /\—rmgx + 52) + &ec., and if 2 + A

is put for z the value of ¥ is unaltered, so that the resulting curve is a
periodic curve of wave-length A.

18. Such are a few of the properties of harmonic curves, and the
: next thing to be done is to point out the connection
Connection between =

harmonic curves and between harmonic curves and tidal observations.
tidal observations

In a Report of a Committee for the Harmonic Analysisof Tidal
Ohserrations for the British Association, 1883, Professor G. H. Darwin
has deduced an expression for the height of the tide at any time: each
term, which is of the harmoniec form R cos (nt —{), arises from some
specific cause in the elaboration of the equilibrium theory of tides and
is regarded as a separate tide due to this cause. Thus there are as
many tides as there are terms in the series, and the height of each
simple tide is equal to a constant, R, multiplied by the cosine of a
certain angle n¢ — ¢ called the ‘argument’, which is partly made up of a

simple function of the time and partly dependent on the position of the
sun or moon or both.

The maximum value of the cosine being unity, the constant, R,
gives the greatest height above the mean of the particular tide, that is,
the ‘semi-range’ or ‘amplitude’.
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The part of the argument which is.a function of the time is of the
form n¢, so that » represents the rate at which the argument increases:
it is called the ‘speed’ of the tide and is reckoned in mean solar hours.
Also since the tide’s maximum occurs when the remainder of the

4

argument, v¢z., ¢ is equal to »¢, it follows that — gives the time which

must elapse from the beginning of the observations till the time of the
first high-water of the tide: { is therefore called the ‘epoch’.
49. TFor the purpose of arithmetical calculation the form R cos

(nt—{) in which the tide is presented, is not con.
Determination of

constants R aud ¢ venient and it is therefore expanded into
. . °
4 cos nt + B sin ut,
B
so that RP*=4>+ B* and tan {= —

and the immediate object of the numerical reductions is to find the 4’s
and B’s from which the R’s and {’s are at once obtained by means of
the above equations. It now remains to explain how the A4’s and R’s
are determined from the observations.

The expression deduced by Darwin gives for the height of the tide
at any time,

h=Ay+Z (4 cos nt) + = (B sin nt).

Now among these n’s will be found n,, 2n), 3n;, ete.; ny 2, 3n,;
and so on, and it would be practically impossible to determine the
corresponding A’s and B’s in a direct manner. It has, however, been
found possible, by a method of manipulation of the observed quantities
which will be explained below, to separate the terms containing », from
all the others, and then the problem presents no difficulty. As will be
explained, it is reduced to the question of determining the constants
from a series of equations of the form
h = A, + A cosnt + B sin ut + A, cos 2ut + B; sin 2nt + &ec.,

. 2
where ¢ has any integral value from 0 to 777, 6o that n/ goes through

its variations from 0 to 2.
Now it is clear, if r and s be any two integers, and the summation
extends from ¢t = Qto ¢t = 27_:r, that
S cosrnt = 0, and 3 sin rnt = 0,
since to each positive value, there is a corresponding negative value
of the cosine or sine.

Also 3 cos® rnt = § 3 (1 + cos 2rat) = %
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and Ssinfrat = 33 (1—cos 2 rat) = —:

= cos rnt cos snt = § Zcos(r+s)nt + % 3 cos (r—s) nt= 0, and
similarly

3, cos rnt sin ¢nt and % sin rn¢ sin snf are each equal to zero.
Consequently for determining the constants there are the following

equations :—
2 n
2&:7‘40, OI‘AO=%2ﬁ;
3 heos rnt = — A, or 4, = — 3 & cos rat;
o n T
S hsin rut = —— B,, or B, = 2 S 4 sin rat.
n T

The 4’s and B’s being now determined, the R’s and {’s are cal-
culated from the two formul® given above.

The method of determining the 4’s and B’s described above is
only applicable to the short-period tides: the means of determining
them for the long-period tides will be described hereafter.

50. But in order that a comparison of the records of different

years raay be made, it is necessary to exhibit the
eongi;i;m&n::;i({"; °f height of the tide in yet a different form ; for when
it is represented by R cos (nt — ), it is clear that {
may have any value from 0 to 360° and that the results of the analysis of
successive years of observations will not be comparable with each other.

Such being the case, let it be supposed that the results of the

analysis are presented in a number of terms of the form
S Heos (V + u — k).

Here Vis a linear function of the mdon’s and the sun’s mean
longitudes, the mean longitudes of the moon’s and the sun’s perigees,
and the local mean solar time at the place of observation reduced to
angle at 15° per hour. I therefore increases uniformly with the time
and its rate of increase per mean solar hour is the » of the first method,
or the ‘ speed ’ of the tide.

It is supposed that u stands for a certain function of the longitude
of the node of the lunar orbit, at an epoch half a year later than 0" of
the first day. Strictly speaking, » should be taken as this same
function of the longitude of the moon’s node, varying as the node
moves ; but as the variation is but small in the course of a year, » may
be treated as a constant and put equal to an average value for the year,
which average value is taken as the true value of # at exactly mid-year.
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Together ¥ + u constitute the whole ‘argument’* according to
the equilibrium theory of tides, with the sea covering the whole earth ;
and it therefore follows that - is the lagging of the tide which arises

n
from kinetic action, friction of the water, imperfect elasticity of the
earth, and the distribution of the land. '

It is also supposed that H is the mean value in British feet of the
semi-range of the particular tide in question ; and /is a numerical
factor of augmentation or diminution due to the variability of the
obliquity of the lunar orbit : the method of determining it is fully ex-
plained in, and its values tabulated at the end of Professor Darwin’s
Report and also in the Auxiliary Tables appended.

It is obvious then, that if the tidal observations are consistent
from year to year, H and « should come out the same from each year’s
reductions : and 1t is only when the results are presented in such a form
as this, that it will be possible to judge whether the harmoniec analysis
is giving satisfactory results.

The determination of H and « from R and ¢ is made as follows :—

Clearly H = %and is at once found; also né—¢ is identical with
V+u—-«, so that if ¥, be the value of V" at 0" of the first day, that

is when #=0, then,
—¢=Vytu—«;
so that k=t+ Vyo+u.
Thus the rule for the determination of « is :—add to the value of ¢ the
value of the ¢argument '* at Ot of the first day.

The above statement of procedure applies to nearly all the tides
except K,, & K,, which have their origins jointly in the tide-generating
forces of the sun and the moon, and also the tides L & M,, which are
rendered complex from the fact that the tidal analysis only extends
over a year. These tides require special treatment as explained in Part
I pages 54 to 58 of Volume 16 G. T. Survey. For the various tides
both those requiring special treatment as well as those ordinarily treated
the tables Nos. 1 to 20 have been provided to facilitate the computation
of which a sample is given, from which the procedure may be readily
followed.

The tides are divided for purposes of calculation into short
period and long period tides as explained previously. The short

* See Sohedules [B, i], [B, ii], [B, iii] and C of Professor Darwin’s Report.
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period tides are still further sub-divided into semi-diurnal and
diurnal tides. The former have periods equal or nearly equal to
12 mean solar hours and the latter have periods equal or nearly equal
to 24 mean solar hours. Besides these there are the overtides’ and
< compound ’ tides whose origin has already been explained. The long
period tides have periods of about a fortnight, a month, half a year
or a year, as the case may be. A table givingalist of the tides with
speeds, initial arguments and factors for reduction, which will be found
of assistance, is given below.

51. The symbols in the table have the following meanings :—
List of tides.

v = earth’s angular velocity of rotation.
o = mean motion of the moon.

n= » ”» »» sun.

w = . . lunar perigee.

# = sun’s mean longitude.

p = mean longitude of the moon’s perigee.

v = right ascension of the ‘intersection’ or descending node of
the equator on the lunar orbit.

8 = moon’s mean longitude.

£ = longitude ¢ in the moon’s orbit’ of the ¢intersection.’

[ = obliquity of the lunar orbit to the equator.

w0 = ’ ’ ecliptic.

¢ = inclination of the moon’s orbit to the ecliptic.

P = longitude of the moon’s perigee at mid-year measured from

the ¢intersection.’
The letters with the zero subscript represent the values of the
corresponding functions at 0" of the lst day of the year of observation.
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List oF
Initial Speed in symbols and in m.s, hours Name of tide
5, y=1 15° Principal Solar Diurnal
8, 2 (v—n) 30 » “ Semi-Diurnal
*8, 4 (y=n) 6o )
*S 6 (vy-m) g0 >Principal Solar Series Over-Tides
*Sg |8 (y=n) 120 j
P, y—2 1 149589314 | Larger Solar (Declinational) Diurnal
T, 2 y-37 29+9589314 | Solar Elliptic
M, y—o—-@ and 144920521 | Principal Lunar Diurnal
Yo+ w ,
M, 2 (y-o0) 289841042 " »  Semi-Dinrnal
"M, 3 (y~0) 4374761563 1
M, 4 (y—o) 5779682082 I}Principal Lunar Series Over-Tides
Mg |6 (y—0) 86°9523126 | |
*M, 8 (v-0) 115°9364164 |
K, v 15°0410686 | Luni-Solar Diurnal (Declinational)
K, 2 ¥ 30-0821372 oo Semi-Diuarnal ,,
N, 2y—30+w 284397296 | Larger Lunar Elliptic
2N, 2 y—4 0+2@ 27°8953548 | Lunar Elliptic, 2nd order
L, 2 y—o-w and 29° 5384788 { Smaller Lunar Elliptic
2 y—o+@
vq 1 y—30-T+ 28-5125830 | Larger Lunar Evectional
0, ¥y —20 13'9430356 | Lunar (Declinational) Diurnal
Q, y—30+w 13-3986609 | Luaar Elliptic Diurnal
h yro—® 155854433 | Supplementary Lunar Elliptic diurnal
(MS), | 4 y=20-2n 58:9841042 3
uporaMS | 2 y—4o+ 29 27-9682084 i
(38M); | 2 y+20—4n 31-01589358 C d Tid
(M.E)s | 3 y—120 44-0251728 + Compound Tides
(aMK)); | 3 v—40 4279271398
(M;N), |4 y-50+® 5774238338 | )
* M8t 2 0—129 1'0158958 | Variational Fortnightly
*Mm —-w 0:5443747 | Lunar Monthly
Mf 10 1°09B80330 ,,  Fortnightly
Sa ” 0-0410686 | Solar Annual
8:a 37 o‘o821372 ~ Semi-Annual

® Not used for purposes of prediction.
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Initial Argument = ¥V + Factor for reduction = ]'; Initial
Zero Unity 5,
. " S:‘
’ ) S‘
” ) S,
| ) . Se
i —hg+i T ’ " l::l
—(h—p1) ) " T,
(Bo—¥)—(8—) + @—}r where Fac. O+ /5 + cos 2 M,
tan Q=4 tan P i
2 (hg—)-—2 (8—) (o decy *')‘ M,
cos 3 1
3 Arg. My (Fac. My)3 M,
2 Atg. Mg (Fac. My)? M,
3 Arg M, (Fac. Mj)? M,
4 Arg. M, (Fac. M,)* M,
hy—v'—4im where 1-46405 k where k= \ K,
. - . e ain2y
v e e k| AR e sy SR T
2hy—2v" where
AN 2V =008 2w 0 404 k V U+ (-464k)%+ -928 kcoszv —q_m‘;—
i Arg. My—(so—py) Fac. M, N,
i Arg. No—(85—p0) Fac. M, 2Ny
'Arg. My + (sg—po)— R + m where
! 1 pd
* tan K= W cn[;,:n’g.zll——cos 2 P Fac. Mot /i—12 tan® § Tcos 22 L,
Arg, Mg+ (sp—py) + 2kg—25, Fac. M, ve
(hy + V)—2(sg—E) + 4™ sin wcos?{wcos !+
sin 1 cos? 41 0,
Arg. O;— (%= po) Fac. O,
(hy—v) + (s4—po)—im sin 20(1—3 sin%) Q
" sin 2 Ty
Arvg. M, Fac. M, (MS),
Arg. M, Fac. M, ugor 2M8
im—Arg. M, Fac. M, (28M),
Arg. M, + Arg. K, Fac. Mg x Fac. K, (M4K ),
Arg. M, —Arg. K, Fac. M, x Fac. K, (aM4K )y
Arg. My + Arg. Ny Fac. My x Fac. N, (M;N),
ar—Arpg. M, Fac. M, MSf
fo—Pa (v—2 sin? w) (1—8 sin) Mm
(1—3 sin?r)
a(sy—E) fin? w cost {1 Mf
sin? J
Ay " Unity Sa
2 hy ’ Ssa
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52. The tide-gauge gives a graphical record of the height of the
Description of nu- water above some known datum for every instant of
merical harmonic ana- time. The first operation performed on the tidal
]t)i'?li:sfor short period  yecord is the measurement,in feet and decimals, of
' the height of the water above the {rue zero of the
gauge (the height of which relatively to the datum is known) at every
mean solar hour. The period chosen for analysis is about one year, and
the first measurement corresponds to noon, but it has been found incon-
venient hitherto to have the same initial noon at the several ports.

It would seem, at first sight, preferable to take the measurements
at each mean 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.

If T be the period of any one of the diurnal tides, or the double
period of any one of the semi-diurnal tides, it approximates more or less
nearly to 24 mean solar hours, and if it 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-time.

Suppose, now, that there are two clocks, each marked with 360°
or 24 hours, and that the hand of the first or S-clock goes round once
in 24 S-hours and that of the second or T-clock goes round once in
24 T-hours ; and suppose that the two clocks are started at 0° or 0" at
noon of the initial day. For the sake of distinctness, imagine that a
T-hour is longer than an S-hour so that the T-clock goes slower than
the S-clock.

The measurements of the tide-curve give the height of the water
exactly at each S-hour; and it 1s required from these data to determine
the height of the water at each T-hour. For this end, it is necessary
to count T-time ; but this must be done with reference to S-time and,
moreover, the time must always be specified as an integral number of
hours.

Beginning, then, with 0% of the first day, it is necessary to count
0, 1, 2, &c., as the T-hand comes up to its hour marks. But as the
S-hand gains on the T-hand, there will come a time when the T-hand,
being exactly at the p hour-mark, the S-hand is nearly as far asp + §.
When, however, the T-hand has advanced to the p + 1 hour-mark, the
S-hand will be a little beyond p + 1 + }; that is to say, a little less than
half-an-hour before p + 2. Counting, then, the T-hours in S-time, it is
necessary to jump from p to p + 2. The counting will go on conti-
nuously for a number of hours nearly equal to 2p, and then another
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number will be dropped, and so on throughout the whole year. If the
T-hand went faster than the S-hand, it is obvious that one number
would be repeated at two successive hours instead of one being dropped.
Each such process may be described as a ‘ change’. '

Now if there is a sheet marked for entries of heights of -water
according to T-hours from results measured at S-hours, the S-measure-.
ments must be entered continuously up to p: then comes a chance
and the dropping of one of the S-series, after which the entry goes
on. continuously until another ‘change’ when another is dropped,
and so on.

Since a ‘change’ oecurs at the time when a T-hour falls almost
exactly between two S-hours, it will be more accurate to insert the two
S-entries which fall on each side of the truth. If this be done the
whole of the S-series of measurements is entered on the T-sheet.
Similarly if it 1s the T-hand which goes faster than the S-band a gap
may be left in the T-series instead of duplicating an entry. For the
analysis of the T-tide there is, therefore, prepared a sheet arranged in
rows and columns : each row corresponds to one T-day and the columns
are marked OF, 1h, .. .. 23"; the 0%s may be called T-noons. . A dot
is put 1n each space for entry, and where there is a ‘change’ two dots are
put if there is to be a double entry, and a bar if there is to be no entry ;
black vertical lines mark the end of each S-day. These black lines
will, of course, fall into slightly irregular diagonal lines across the
page, being steeper and steeper, the more nearly T-time approaches
to S-time. They slope downwards from right to- left if the T-hour
is longer than the S-hour, and the other way in the opposite case. The
‘changes’ also run diagonally with a slope in the opposite direction to
that of the black lines when the T-hour is longer than the S-lour, and
in the same direction in the opposite case.

A sample is annexed of parts of pages drawn up for the entries of

the M-series and J-series of tides, in the former of which T-time is
mean lunar time.
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Since the first day is numbered 1 and the first hour 0", it
follows that to find the number of hour values entered in the form from
OM of the first day, it is necessary to subtract 1 from the number of the
day and to add 1 to the number of hour.

For each class of tide there are five pages similar to the annexed
examples, giving in all about 370 values for the height of the water at
each of the 24 special hours : the number of values for each hour varies
slightly according as more or less ‘changes’ fall into each eolumn.

The numbers entered in each column are summed on each of the
five pages ; the five sets of results are now summed and the results
divided each by the proper divisor for its column, thus giving a mean
value for that columr. In this way 24 numbers are found which afve
the mean height of the water at each of the 24 special hours.

53. Now it is obvious that if the heights be taken for each mean

Kliminating solar hour for a very long period, and the 24 averages

effects of other taken, grouped and subjected to analysis as above, the
tides. . . .
‘ result will exactly express the particular tide under
investigation and the influences of all the other tides will be eliminated,
because of the great number of the periods included in the summation ;
for although the other constituents would no doubt influence each indi-
vidual height, yet in that period they will have been in such a number
of different positions all round the ecircle of revolution, that in the
averagings their force would be eliminated.

The elimination can however never be quite complete, as the
period of analysis only extends over about a year, and the selection of
certain periods not quite equal to a vear for analysis will theoretically
minimise the effects of the various tides on each particular tide.

For, suppose that the expression for the height of the water is
A, cos u;t + B sin nit + A, cos ng! + B, sin ny,
where 2, i1s nearly equal to n;, and that it is required to eliminate the
ng-tide so as to be left only with the »,-tide.
The expression may then be put equal to
§A + Ay cos () —my) £ — By sin (n,—my) ¢ } cos nyt
+ {By+ Ag sin (ny—wy) t+ By cos (n,—ny) £} sin ny¢;
which shows that the tide may be regarded as oscillating with a speed
n,, but with slowly varying range. Now, in the column appertaining
to any hour in the form, »,/ is a multiple of 15°, if n, be a diurnal ; and
of 30°% if n; be a semi-diurnal tide. Consider the column headed
‘p-hour’; then n,t = 15°p for diurnals and 80% for semi-diurnals.
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Hence the sum of all the entries, of which suppose there are g, in
the column numbered p-hours, is for diurnal tides,

cos 15° p {Alq + A,[cos (n, — n,) IT?E + cos (n, —mny) (il
1

+ cos (n, —ny,) ("——+ E?—lp :l + B, [&c.]} + sin 15°p{ &c.} . .(a)

and for semi-diurnal tides, the arguments of all the ecircular functions
in the expression (a) are to be doubled.

4 15
7

Now such a number of terms is to be chosen, that the series by
which A, and B, are multiplied may vanish. This is exactly the case,
if the series is exactly re-entrant and 1s nearly the case, if nearly
re®ntrant. '

The condition is exactly satisfied, if

27 : .

(n, —n,) ¢ — = 27 r for diurnal tides,
”
1

™ . .

or (n,—ny) ¢ =27 r for semi-diurnal tides,
n
1

where r is either a positive or negative integer.
That is to say, if
(n,—mn,) g=mn, r for diurnal tides,
or (n,—ny) q=14 n;r for semi-diurnal tides.

It is not worth while attempting to eliminate the effects of the
semi-diurnal tides on the diurnal tides and wice versd, because the
periods could only differ by the fraction of a day, and owing to the
incommensurability of the speeds, it is impossible to avoid being wrong
to that amount.

It is of course impossible to choose for each tide #,, a period which
shall minimise the effects of more than one of the tides of short-period
n,, in vitiating the values of the mean semi-ranges of the tide »,; and
accordingly the periods have been chosen so as to minimise the effect
of the principal solar semi-diurnal tide S, on the principal lunar semi-
diurnal tide M, and of the M, tide upon the other semi-diurnal tides :
in the case of the diurnal tides, the periods are chosen to minimise the
effects of either O or K;.

In choosing the period for reduction 369 days 3 hours was taken
for the S and M tides, as being to the nearest hour, 124 lunations or 26
periods of spring and neap tides, and therefore giving the least possible
influence of the mean lunar and solar semi-diurnal tides, each on the
sets of averages used in the calculation of the other.
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For the L & N semi-diurnal tides a period of 358 days 6 hours
was chosen as being a period containing an integral number of periods
of these tides, and eliminating as far as possible the chief or semi-
diurnal lunar tide. Similarly the period for the v tide was found to be
349 days 22 hours, and for the J & Q tides 370 days 5 hours.

These 5 tidal constituents are all elliptie.

For the declinational tidal constituents the periods found similarly
to those above are all so nearly equal, that the same period, viz :—369
days 3 hours, has been used for the whole of them.

Tabulating these periods we have

Tides named for brevity Periods
S, M, O, K, P, u, T, MS, 2SM 2N, M,N, M_,K,, 2M,K,, ... 369 days

3 hours

J, Q, ... 370 days

5 hours

L, N, ... 358 days

' 6 hours

v, ... 349 days

%2 hours

These periods are those actually used in the computations and

some of them do not exactly agree with those given in the theoretical

explanation on pages 67-73 Part 1 Volume 16 G. T. 8., though in the

sample computations given on pages 80-279 of the same Volume, the
correct periods, as given above, are adopted.

Returning now to the general notation and considering the 24 mean
values, each pertaining to the 24 T-hours, it may be supposed that
all the tides, excepting the T-tide, are adequately eliminated, and, in
fact, a computation of the necessary corrections for the absence of
complete elimination, which is given in Tidal Report of 1872, of the
Tidal Committee of the B. A. under the presidency of Sir Wiiliam
Thomson, shows that this is the case.

54. Now itis obvious that any one of the 24 ¥alues does not give

Augmenting true height of the T-tide at the T-hour, but gives the
factors for cor- average height of water, as due to the T-tide, esti-
recting heights.  ,.ted over half a T-hour before and half a T-hour after
that hour. A correction must therefore be determined on this aceount.

The required expression for the height of the tide at any T-hour is
A=A, cos 0+B, sin 0. + &ec, &c.+ A, cos » 6+ B, sin r § 4 &,
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J

But the results of analysis give instead of this the mean of all the
/’s between the limits § + --~and 6 — —z—

That is Za=3A between these limits :
=&ec. + S A, cosr6+3 B, sin 7 0+&c. between these limits,

2 . ra 2 . ra .
or ha=&e. + A,—sin-_ cosr @ + B,— sin— sin 8 + &e.
r P 7 2
. ra . Te
sm.— SIN——
whence A =&e. + A, cosr0+ B, sin r 6 + &e.

2 2
Consequently the coefficients that express the oscillation which goes
through its period r times in 24 T-hours, must be augmented by the

ra

factor

to give the true A, and B,.

ra
sm Tz“

Remembering that a is 15° and putting for », 1, 2, 3, &e., in succes-
sion, the augmenting factors for the diurnal, semi-diurnal, terdiurnal

oscillation, &ec., become
757 _ 1567 _ 22 - 57 . &
180 sin 7° 30"’ 186 sin 15° 180 sin 22° 30'°
Thus, the augmenting factors are :—

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 reduction of S-series of tldeq, the numbers treated are the actual
heights of the water exactly at the S-hours, and therefore no augment-
ing factor is requisite.
55. If now ¢ denotes T-times expressed in hours and » is 15°, the
Determination height 4, as expressed by the averaging process explained
of A's and B's. above, is given by the formula
= Ay + A cos nt + B, sinnt + A, cos 2n¢ + B, sin 2t + &e.,
where 180, 1,2 . ... 23.
Then, if 2 is the sum of the series of 24 terms found by giving ¢ ite
24 values, as before shown,
Ay=$F:2h;A =52 heosnt; B, = ¢4 2 hainnt;
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A, = {5 cos? nt; By = 4 34 sin 2ut; &e., &e. . .

Also, since #=15° and / is an integer, all the cosines and sines m'volvid
ate equal to one of the following :—0; + sin 15°; + sin 830%; + sin 4.5 ;
+ sin 60°; + sin 75°; £ 1. These are denoted in the computation
forms by O, + S, + §,, + 8§, + 8,, + S;, + 1.

This enables the forms to be arranged in the neat tabular form om
pages 1, 2 and 3 of the Analysis of Short-Period Tides, a specimen of
which is given in Form No. V1, where the 24 hourly values to be sub-
mitted to analysis are written continuously down columns I and. II1.
The subsequent operations are sufficiently indicated by the headings
to the columns and it will be found on examination that the results are

i reality the sums of the several series given above.

The A’s and B’s are thus deduced, and then R = v A*+ B?: it
must be multiplied by the augmenting factor, already evaluated, to

. |
obtain the augmented R which, when multiplied by 5 gives H. Next
the angle whose tangent is%:— aives &, which must be added to the

appropriate V,+u to find k. The form used will be found in the specimen

of the reductions: it also serves for the final treatment of the long

period tides, except that there is no augmenting factor, and that the
increase of n for 114 hours has to be added to &.

56. For the purpose of determining the tides of long period, it is

. necessary to eliminate the oscillations of water-level

tm[(::“g-l‘emd arising from the tides of short period. As the quickest

. of the tides of long period has a period of many days,
the height of the water at one instant for each day gives sufficient data.
Thus there will, in a year’s observations, be 365 heights to be sub-
mitted to harmonic analysis. In leap-years, the last day’s observation
must be dropped, because the treatment is adapted for analysing
365 values,

In finding the value of the height of the water for each day, the
algebraical mean of 24 consecutive hourly values, beginning with the
height at noon, is taken: the result will then apply to the middle
instant of the period 0" to 23", that is to say to 11" 30m at night.

~

27.  The formation of a daily mean does not obliterate the tidal
oscillations of short period, because none of the tides,
Clearance for tine  thos £ th incival ] . h
short-period tides, ©XCEPHNG  those of the principa solar series, have
commensurable periods in mean solar time.
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A correction, or ‘clearance of the daily mean’, should therefore be
applied for all the important tides of short period, excepting for the
solar tides.

Let R cos (nf — &) be the expression for one of the tides of short
period, as evalnated by the harmonic analysis for the same year: and
let « be the value of nt — £ at any noon. Then the 24 consecutive
hourly heights of the water due to this tide, beginning with that noon,
are :i—

Recosa; Reos(n+ay; Reos(2rn+a) . . . Rcos (23n+4a);

sin 12
S0 2 os (2 4+ 114n),s0 that

Now the sum of these 24 quantitiesis R

sin n
sin 12n

! . N
sin in cos(a +114#n), and is

the ‘clearance of the daily mean’ is—3 R
additive.

Tt has been found, practically, that only three tides of short period
riz. M, N, O, exercise any appreciable effect, so that clearances for them
have to be applied. It was formerly the custom to compute the clear-
ness for these three tides, for every day in the year, as above, and to
correct the daily means acecordingly : but the procedure now is different,
and a single correction, for each short-period tide, is applied to each of
the final equations, instead of to each daily mean. The process will be
explained more fully below.

The late Professor J. C. Adams suggested an alternative plan in-
which the tide-predicting machine may be used for the evaluation of the
sums of the clearances. It is evident that R cos(«+ L14n) is the height
of the tide # at 11" 30™, and the same is true for each such tide. Hence
if the tide-predicting machine is used to run off a year of fictitious tides
with the semi-range of each tide equal to 3; 211—2% of 1ts true semi-
range, and with all the solar series and the annual and semi-annual tides
put at zero, the height given at each 11" 30™ in the year is the sum for
each day of all the clearances to be subtracted.

" 58. The mean of the 365 quantities is now taken to give the mcan
height of the water for the year; and it is evident
tiog:.deamd €198 that, even if the daily means are uncleared from the
effects of the short-period tides, as is the case in

practice, this yearly mean cannot be sensibly vitiated.

The yearly mean height is next subtracted from each of the 365
daily means, and 365 quantities, 84, are found giving the mean daily
height of the water above the mean yearly height.
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These quantities are to be the subject of harmonic analysis: and
the tides chosen for evaluation are those which have been denoted
above as Mm, Mf, MSf, Sa and Ssa.

Let
8h= A cos (¢c—w=)t + Bsin (c—w)t
+ C cos 20t + D sin 20t
+ C’cos 2(ac—n)t+ D'sin 2(c —9)t
+ E cos nt + F sin gt
+ G cos 2t + H sin 29t,
where ¢ is time measured from the first 11* 30,

Then a little manipulation, for which the reader is referred to

Professor Darwin’s Report of 1883, gives the following equations :—

Coeffi-
cient of

Coeffi- | Coefli- | Coeffi- [ Coeffi- | Coeffi- | Coeffi- | Coeffi-
cient of | cient of |cient of|cient of | cient of | cient of | cient of
D C D E F G H

Coeffi-| Coefli-
cient of | cient of
A

26hxcos (o— @)t =|+183-03|+ 2-14{+ ©O'73i+ 4°29[+ o7y 5:04(+ 4°88/-- o-34[+ 4:96j— o069

,y X iR (o—T )= 2¢14{+181:95i — 4-15/+ 1°02|— 4°go 3'8o|+ o-34[+ 3-88(+ o-69g

¥ + 4
(=]
-F

o X COS 20t = o*73|— 4°15/+183:18/+ o0°88[+ o061 0-gz2[— 1°50[— o*10|— 1I°§5I|— o0°19

yy X sinagt = 4e29/+ 1°02|4 o0-88/+181'82(+ o0-'92— o-73/+ 3'05|~ o0°08|+ 3-06|— o°1%

» X sin 2(e—n)

+
+
+
<+

x cosz2(e—n)t=|+ o:77{— 4+90[+ o-v61+ 0+92(+183:19 + o°:gy— 1'08|— o-11|— 1°40[— o-23
+ fgco4/+ 107+ o-g2i— o735+ o097 +181-81j+ 3-25(— or10|4+ 3-2%— o°-23
+ +
+
+

, X cos qt = " 4488 3'80j— 1°50;+ 3°03|— 1084+ 3-25[+182-43/4+ o0°e0|— o0°14[]+ o000
» X 8in 7yt = 0'34/+ o0+'34/— o°'10/— o0-08— O'll[— o'10|+ o0+coj+182:57|+ o-00[+ o-00
,» X cosznt = 4°05/4+ 388 — 1:31|{+ 3-00|— 1-7o'+ 3:27|— or+14/+ ocoo|+182:43(+ o-00
» X sinomt =|— o0+0g|d- or*6g/— o-ig/l— o+ 1y|— 0'23!— o*23|+ orool+ o‘ool+ oroo|+182:5%

If the daily means have been cleared by the use of the tide-prediet-
ing machine as above deseribed, these ten equations are ready for solution,
but if not, then before solution of the final equations, corrections for
clearance must be applied to the left hand sides.

59.. The left-hand sides of these equations must now be cleared from

X the effects of the three tides of short period. This
Numerical deter- . . .
mination of clearances. 18 done in the following manner :—
It has been shown before that the ‘clearance ’ is

sin ].2ncos (nt—¢+ 113a).

sin in
The proper clearances therefore to be applied to the left-hand sides
of the first and second equations will be :—

77
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L Rsin 122 12
-4 sl (nt~&+114 n) cos (e —w) ¢,
- -
and —5 p RSSITnn—:: cos (#t—¢+114n) sin (o —=) ¢,

the summation extending over 365 days.
Writing R cos 5=A and Rsin {=B, Professor Darwin in his report

of 1883 has deduced these clearances in the forms

analysis of the corresponding short-period tides.

X,A+X,Band Y A+Y, B,
where the X’s apply to the left-hand sides containing a cosine and the
Y’s to those containing a sine, and the A’sand B’s are taken from the
Simple formule are
also giving for computing the X’s and Y’s; their values are shown in the
annexed table, and are to be applied with the signs there given:—

- 20 2(oc—7) 7 2n
- X, —0°03557 +0-0c302 + 5°7393 —0 10410 — o0 10465
)
o) X, —o0°17036 —-0'031773 - 2:9228 —0:07523 —0°07546
=&
'I; Y, —o0-17075 +0:04170 —~ 28400 | —o0'00176 —0:00353
=
Y, +0°'04410 +0'01752 - 57271 +0°00476 —0°00958
-] X, —0-c3884 +0-03680 +0°02938 —o0-ot1760 —o-o1760
+
- }33 X, —0-77758 —0-22137 —-0-19384 +0-00254 +0°002354
1
& Y, —0'02059 —0° 15343 —0-12210 +0°00020 +0°00041
)
= Y., +0 11381 —o0-oB83544 —~ 008081 + 0- 00007 + 0 00013
X —~0-0648;3 +0°01673 +0-01582 —0'19240 —0°19340
5
N X, ~0-34763 -0-07788 ~o0-08138 —o0-18260 | —o018311
o
&~ .
1 Y, —0°34523 +0-08418 +0-08748 —0-004h0 —0-00926
=2
Y. +0-04052 +v'03379 +0°03293 +0-00897 +o0-01802
60. As the determination of each of the ten quantities 3 &k

Method of ‘equi-

valent multipliers.

ros (c—w) ¢, 3 84 sin (o—mw) ¢, &c., by multiplying

each of the 36584’s by its proper cosine or sinc andadd-

ing the results together, would be extremely laborious,
the method of equivalent multipliers has been devised by Professor Adams.
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The values of the respective cosines and sines are divided into eleven
oroups, according as they fall nearest to 1-0, -9, *8, - 7...... .. -2, +1,0.
Then, as all the values of 8% are to be multiplied by some value of the
cosine or sine, and that value must fall into one of these groups, all the
values of 84 which belong to one of these groups are collected together,
summed and the sum multiplied by the corresponding multiplier. Since
there are as many positive as negative values of the cosine or sine, the
signs of half of the 3/’s must be changed : this is effected mechanically
as follows :—In the spaces in the forms for the entry of the 84’s, those
8/#’s whose signs are to be unchanged are to be entered on the left side
of the space if positive, and to the right if negative. Thus, in the
column corresponding to each multiplier, there are two sub-columns :
these are separately summed and the difference of these sums gives the
total of the column for the 84’s whose signs are to be unchanged. This
process is carried out in the upper half of the form and the resultis
called «. . Exactly the same course is adopted in the lower half of the
form with the 8/’s whose signs have to be changed, and the result is
denoted by 6. The complete sum of the é#’s is thus e—b, and the
value of @—b& in each column is multiplied by the multiplier correspon-
ding to that column, when the sum of the products will give the result
required. A pair of forms, one for the cosine and the other for the
sine series, 1s of course required for each long-period tide.

61. Having now obtained the ‘cleared’ valpes of the left-hand

sides of the equations, the left-hand side of the first

tioi‘;l.““ou of eqna- quation is divided by the coefficient of A in that equa-

tion, the left-hand side of the second equation by the

coeflicient of B in that equation and so on, the results being approximate

values of A, B, C, &c. These are now substituted in the ten equations

and the final values of A, B, C, &c. deduced. But the initial instant of

time 1s the first 11" 30™ in the year, instead of the first noon. Hence,
if as before,

R*= A*+ B?and tan §= gAi’

then, in order to reduce the results to the normal form in which noon
of the first day is the initial instant of time, the increment of the
corresponding argument for 11" 30" must be added to & to get {.
Having thus determined R and § H and « will be found as before by
multiplying R by its proper factor of reduetion and by adding to &
the initial argument.
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62. From the analysis of the observations at any port, one value of
. H (the mean semi-range) and one value of ¥ (which
may be called the mean epoch) are obtained for each
constituent for each year of observation analysed. For
the larger tides M,, S,, K, &c., the values obtained are very accordant,
but in the smaller tides there are considerable discrepancies from year
to year. The means of the values of H and « for each tide are accepted
as the best results.

The computations of the R’s and £’s are carried out in the way
described in the account of the reductions of the observations, the only
difference being that to find R from H and ¢ from «, the formule
R=fH and {=x—(V,+u) are used.

Suppose, now it is required to predict the tide for any open seaport,
the values of the R and { of the 24 component tides which are to be
set on the tide predicting machine, are computed for the 28th Decem-
ber of the year preceding the commencement of prediction. The
values of B multiplied by a constant factor give the amplitudes and
(360° —§) the phase angles to be set on the tide predicting machine.
In the case of a Riverain port the procedure in computing is the same
only the computation is limited to 8 component tides »iz:—2M,K,,
J,Q P, M\,K,, 8, K, & O, as only these are set on the machine.

63. It may happen from time to time that the tide-gaunge breaks
down for a few days, from the stoppage of the clock,
tWe choking of the tube, or some other accident and
that other readings are not taken during the interrup-
tion. In this case there will be a hiatus in the values of 8#. Now the
whole process employed depends on the existence of 365 continuous
values of 84. Unless, therefore, the yvear’s observations are to be sacri-
ficed, this hiatus must be filled. If not more than three or four days
observations are wanting, it is best to plot out the values of 6/ graphi-
cally on each side of the hiatus and, filling in the gap with a curve
drawn by hand, use the values of 84 given by the conjectural curve. If
the gap is somewhat longer, several plans might be adopted, for example,
if there is another station in the neighbourhood the values of &4 for
that station might be inserted ; or, the values of 84 for another part of
the year, in which the moon’s and sun’s declinations are as nearly as
possible the same as they were during the gap might be used and, as a
matter of fact, these methods have been used. When the hiatus is of
considerable length, the preceding methods are inapplicable, and the plan
employed is as follows:—The actual 84’s are entercd in their proper

Preparation of data
for prediction of tides.

Interruption in
record.
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places ; then in the ten final equations all the terms with small coeffi-
cients are neglected, and in the terms whose coeflicients are approximately
1825, a coefficient equal to 182°5 diminished by half the number of
days of hiatus, is substituted ; the computations are then carried out, as
if there was no gap, until the values of R and £ are obtained for each
long-period tide. From these approximate values of R and ¢, the height
of each tide for each day of the gap is computed from the formula
R cos (#t—¢), where ¢ is the number of days since the commencement
of the year of observation and » the speed of the particular long-period:
tide per mean solar day. Thus five heights, above or below mean-water
level, are obtained for each day of the gap. These five heights are
added together and the sum is the missing 8k for the particular day.
The gap having been thus filled in with computed &4’s, the whole
computation is repeated with the corapleted series.

Where a break extends over two or three months in the first half
of a working year, the observations antecedent to the break in that
half-year are rejected, and the date of the working year put forward
to the date following the end of the break : but if the break oceurs in
the second half of the working year, that year is considered to end at
the commencement of the break, and to begin 365 days before it. And
the year following the break will begin at the end of the break.

64. In entering the heights of the water, read off the diagrams, in
the computation forms, various precautions are taken to
guard against error. The procedure adopted in regard
to these forms will now be explained, in so far as is not self-evident
from the forms themselves. The forms given below have for con-
venience been numbered consecutively from I to X1, but this is not the
case in the actual forms.

65. After the disgrams have been prepared, the heights are succes-
sively measured and entered in the respective hour
columus of this form, the first entry heing that of O®
of the 1st day. The first day is called 1 in the forms for short-period tides
and 0 in those for long-period tides. The date for each day is generally
written in pencil on the left-hand margin.

The measurements are made to hundredths of a foot, by means of
a paper scale divided into tenths and hundredths in accordance with
the working scale of the instrument which registered the diagram
under treatment. When the reader has called out the entry for each
23rd hour, the recorder checks the record by calling out ‘end of the
day ' and then gives the date of the next day.

Forms.

Torm 1, S-Series.
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The reading and entry of the heights in the S-Series is done im
duplicate, the original set being generally measured by one, and the
duplicate by another computer. While the measurement for the
duplicate is going on, the first computer watches the entries in the
original and if the reading differs by more than 001,003 or 0-05 of a
foot according as it is the natural, half or smaller scale, that height is
at once remeasured and a correct value entered both in the original and
the duplicate. The original and duplicate are now compared, and if
there ave any discrepancies larger than those above mentioned, they
are noted, remeasured at the completion of the comparison, and correct
values entered in both copies.

66. The heights are next copied from the original of the S-Series

Form II, &c. M, 1nto the M-Series, from the M-Series into the
&c.. Series. O-Series, from that into the K-Series and so on,
the last being now the 2M K-Series.

Where a double dot occurs in the forms, it indicates that two
successive hourly values of the S-Series are to be entered, the first above
the second : when a horizontal line takes the place of one of the usual
dots, it means that no entry is to be made there, but that the next
entry is to be in the next column to the right.

A black vertical line means that the solar day divides at the line
and that the height immediately preceding corresponds to a 23rd solar
hour. A double dot with a short black vertical line opposite the upper
one, means that the entry made at the upper dot 1s the height corre-
sponding to the 23rd hour of one solar day, and thatat the lower dot
to the O hour of the next solar day. By these marks, the copyist
knows that he i« at the end of a mean solar day.

At the right-hand side of all the forms, except the S-form, isa
column headed S-hour giving the day and hour of the S-Series corre-
sponding to the 23rd hour of the particular day of the series in question.
Thig is a further check but is rarely used.

67. When the 2M K-Series has been copied from the MK.-Series,

Comparison of it is compared simultaneously with the original and
entries. duplicate of the S-Series, and if it agrees with the
original the copying is perfect. The comparison with the duplicate
cuards against gross errors which may have escaped notice in the com-
parison of the original and duplicate.

Errors found in the 2MK-Series are searched for in the other
series in the reverse order until an entry is reached in which the error
does not occur, and corrections are made accordingly.
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68. The heights in each column are then added together, the

Addition of hourly Units, tens and hundreds being separately summed,

heights. " and the sums entered at the bottom of the page.
Some weeks afterwards they are verified by fresh computers.

Besides this, for the S-Series, the sum of the 24 hourly heights is
taken for each day and entered in the column ¢daily sum,” which,
divided by 24, gives the quantity in the column ¢ daily mean.’

69. For the S-Series the total of the ¢ daily sums’ should be equal
to the total of the horizontal line at the bottom of the

Checks page in each of the five pages of the form.

For the other series, for example the M-Series, the total of the
heights on page 1 of M should be the total of the heights on page 1
of S, less the sum of the last 12 hours on page 1 of S, since the last
entry on page L of M corresponds to 74¢ 11" of S. In comparing the
totals after the first page, account must be taken of the number of
entries in excess or defect at the beginning as well as at the end of
each page, as compared with the entries on the corresponding page of S.

70. This requires no explanation ; but care must be taken that the
number of observations is correct: it should be the
sum of the five quantities, one on each page, at the
bottom of the page under the corresponding hour.

Form V. Sum-
mations and means,

The remainder of the forms for short-period tides are self-expla-
natory.

71. The mean height of the water for each day is taken from the
Form IX. Long- column ‘daily means’ in the S-Series, and the mean
period  tides. height of the water for the whole year, or A, is deter-
mined in the form for the S-Series which corresponds to Form VI. The
latter mean is subtracted from each of the former quantities, giving a
number of small positive and negative quantities 8%, one for each day.
These are entered in Form IX, of which there are two for each long-
period tide, in the manner described in the foot-note.

72. Insolving the first equation, the second line is obtained by
introducing for B,C,D, etc., the first approximate
values obtained in the preceding form. In solving
the second equation, the second approximate valuc of A is introduced and
the first of the other quantities, C, D, ete., and so on.

Form XI.

The manner of carrying out the remaining computations is suffi-
ciently evident from an inspection of the forms given below.
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Caarp L] THEORY AND CoMPUTATION

LONG-PERIOD TIDES. [KARACH], 1883-84,

f‘onu X.—SUMMATIONS AND EVALUATION OF LONG-PERIOD TIDES,—CLEARANCE FROM EFFECTS
or TipEes oF SHORT-PERIOD.

NoTE.—A and B to be extracted from harmonic analysis for Tides of Shert-Pericd.

Tide Mm or (¢—T). Tide Mf or 20.
cOsineA Series. . Products. Cisi.ne Sel-ziezs’;8 Products.
= —2°37 = . . Ay = —2 = —o-
M mu.ltipliel? = —0-0556 } = +o13 multiplier = +o0-0030 } o-or
1 B, = +1-098 } - —o1g B = +1°098 ) = —o0°04
‘ multiplie; = —0-17:4 : mulhphe‘{ = —g-gg;'l 5
' = —0°035 - . L. A= -0 = —o-
N multiplier = —or0588 ) +oroo maultiplier = +0-0368 } 000
o qs H = +o'599 } = —o0°03 ulti HB —_ +o:599 } = —0°Ij3
sl 2 oo matspler = =23 3
= —or-3vz = . , o B = o = —o-
O{mu]tipﬁeBr = —o0-0649 }( = toroz multlphe]; = +z'<;;§7 S otor
= oS Y . B ==e = +or
multiplier = —o0+3477 5 +o "1 multiplier = —o0779 } i{*
Total + = +o0'29 Total + = +o'03
Total — = —o-24 Total — = —o'19
Total clearance = o003 Total clearance = —o°16
Uncleared Zdk cos (o —T)t = +1-29 Uncleared 2dk cos agt= +7-10
Sdh cos (c—T) = +1°34 Sdhk cos 20t= +6°94
» Divisor 183+05. 18t approx. A = +o00} Divisor 183-18. 1st approx C = +o0-38
Sine Series. Products. Sine Series. Products.
A, = —2-378 - . A= —2a78 = - o
o !ll\llt»ipl"llﬂf2 = —3-1708 } = 4041 multlphe]l; = +oto41y } o:Io
! ... By = +1-008 } = +o0°'0§ ultiplier = +l:°98 } = +otor
multlpheAr = +0°0441 2 multip 1e; = 4o oxo<5
= —0-035 - 4o .. A = —o03; -
N’gmultiplieé- = —o-g:oﬁ § = toroo multlplxelli = 10-15;5 } +o-o1
= +o-599 = 4o . B = 45y = —o
multipliir = +°'l;;38 ;‘ = +ov0] mulhphe: = —o-o;54 } ©o-o5
= —o0°382 ! _ s = —or3sz = —o°
 )multiplier = —o-3452 § tor13 multiplier = +o0-0842 } 0103
0. B = —o:4o8 } = —o'02 B = —o-4o05 } = —o-o1
multipliar = +o0-0408 - multiplier = +o0-0338 =
Total + = +0:66 7 Total + = 4o0-02
Total — = —o-02 . Total — = —o°19
Total clenrance = +o-64 Total cleanrance = —o-17
Uncleared Zdk 8in (¢ — W) = +3-80 Uncleared 2dk sin 2ot = +2-14
Sdh sin (c—W)t = +4°44 3dh Bin 20¢ = +1°95
Divisor 181°95, lat approx. B. =+o-024 Divisor 181+82, 18t approx. D= +o-on
The lst approximationa of the constants for other three tides are deduced in the same way,and are
rlnor MS(. ¢/ = —o-001, N = —0-00g; for Sn, E = 40°08g, F = —o-001; and for 8sa, G = —o-003,
= +o-18q.

Computed by —— . Cheeked by Compared by— . . _
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CHAP. 1.] THEORY AND COMPUTATION

“Correction to the tidal pamphlet, ‘ The Tides. (1926).

Chapter I, Page 61, para 84 —

Substitute the words “ Chapter I” for the words ‘ the book ”
in line 1.

Geod, Br, P.0.—1926—310,

86. 'I'his table is the converse of Table 1, but had to be made out
somewhat differently. The correct value to three
places of decimals of a degree is all that is generally
required in the computations. This is given in the 4th column, and 1t
will be observed that the figures in the 4th column are arranged
midway between those in the 3rd and also midway between those in
the 5th column, where the actual values corresponding to the angles
in the 3rd column are given.

It will also be observed that the table is divided into six groups.
The reason of this is as follows :—6 minutes = -1 of a degree, 12
minutes = *2, 18 minutes = ‘3, and so on. Therefore, any number
of seconds added to 6 minutes will give the same figures in the second
and third place of decimals, (in the equivalent value of a degree
expressed in decimals), as the similar number of seconds added to 12
minutes or 18 minutes would give. Similarly, 1 minute, or 7 minutes,
or 13 minutes, and so many seconds would each have for the second

Table I1I.

and third place of decimals, the same figures in expressing their
corresponding values in decimals of a degree; (the first figure of the
decimals of course alters).

To use the table, first look for the minutes in one of the groups
of column 1; opposite it in the 2nd column will be found the first
figure of the equivalent value in decimals of a degree. Keeping fo the
same group, look in the 3rd column for the seconds, (most probably
the exact number will not be found), entering this column at the
space between the number of seconds next less, and the number of
seconds next greater than that looked for, in the 4th column opposite
this space the second and third figures of the corresponding value of
the decimals of a degree will be found. If the actual number of
seconds looked for is found in the third column, then the corresponding
value is obtained in column 4 opposite the space in column 3 below the
number of seconds.
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84. The tables at the end of the book have been constructed to
facilitate the computation required for the harmonie
analysis of the tidal observations and for the pre-
paration of data for tidal prediction. The following explanations and
examples are given to illustrate the use of the tables.

85. This table, for converting decimals of a degree into their cor-
responding values of minutes and seconds of are,
enters frequently into the computations, more es-
pecially in taking out the values of the trigonometrical functions from
Shortrede’s Logarithm tables. Its use hardly requires explanation.

86. This table is the converse of Table 1, but had to be made out
somewhat differently. The correct value to three
places of decimals of a degree is all that is generally

required in the computations. This is given in the 4th column, and it
will be observed that the figures in the 4th column are arranged
midway between those in the 3rd and also midway between those in
the 5th column, where the actual values corresponding to the angles
in the 3rd column are given.

It will also be observed that the table is divided into six groups.
The reason of this is as follows :—6 minutes = -1 of a degree, 12
minutes = °2, 18 minutes = '3, and so on. Therefore, any number
of seconds added to 6 minutes will give the same figures in the second
and third place of decimals, (in the equivalent value of a degree
expressed in decimals), as the similar number of seconds added to 12
minutes or 18 minutes would give. Similarly, 1 minute, or 7 minutes,
or 13 minutes, and so many seconds would each have for the second
and third place of decimals, the same figures in expressing their
corresponding values in decimals of a degree; (the first figure of the
decimals of course alters).

To use the table, first look for the minutes in one of the groups
of column 1; opposite it in the 2nd column will be found the first
figure of the equivalent value in decimals of a degree. Keeping {0 the
same group, look in the 3rd column for the seconds, (most probably

+ the exact number will not be found), entering this column at the
space between the number of seconds next less, and the number of
seconds next greater than that looked for, in the 4th column opposite
this space the second and third figures of the corresponding value of
the decimals of a degree will be found. If the actual number of
seconds looked for is found in the third column, then the corresponding
value is obtained in column 4 opposite the space in column 3 below the
number of seconds.

Auxiliary Tables.

Table I.

Table 11I.
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Ezample—Required the decimals of a degree corresponding to
187 25"

Column 1, group 1, 18 = -3 in eol. 2
" 3 . 1, 25” (between 23"°4 and 277-0) = -007 incol 4
Value required = -307

Again :—If the decimals of a degree corresponding to 40’ 0” are
required : then as in the above example, 40’ 3” would just equal
-668, and anything less than 40" 3” must be less than .668. Again,
39’ 59”4 would just equal :667, and anything greater than 39’ 59”4
must be equal to 667 or more. Therefore 40’ 0” would equal ‘6867,

87. This is extracted and deduced from Hansen’s Tables de la
Lune, pages 299 and 300 up to the year 1923. The
values of p, the mean longitude of the moon’s perigee,
(or 7r as it 1s written in the tidal computation forms), is given for what is
called January O of each year; but in the preface to Hansen’s Tables it
will be found that January O and December the 31st mean the same date;
therefore the values given in the tables are for 0 hours December 31st of
the preceding year. But this is not the case for leap-year; the values
oiven in the tables as regards those years are for 0 hours January lst.

If the value of 7 for 0 hours January 1lst is required for any year
which is not a leap-year, take the value of 7 given opposite in the
next column, and «dd one day’s motion (Table V) ; if it is a leap-year,
the one day’s motion has not to be added.

Ezxample—Required p, or 7 for 0 hours January 1st, 1891.

In Table ITI opposite 1891 - - . 328°00632
In Table V one day’s motion for = -  0-11140

Table III.

po or m for 0 hours January 1st, 1891 = 328°-11772

Again :—Required p, or 7 for 0 hours January 1st, 1892.

Opposite 1892 in Table IIT is 8°:78020, which is the value
required, for 1892 being leap-year, the one day’s motion is not added.

Since the year 1923 the value of p, or 7, the mean longitude of the
moon’s perigee, given in the Nautical Almanac is derived from the
formula in Brown’s tables instead of from the older formula given in
Hansen’s tables which was in use prior to that date and from which
the values of p given in G. T. Survey Vol. 16 were obtained :—vide
Vol. 16 pp 61 & 317 part 1.

The formula in use since 1923 is ;:—
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334° 19 46”-40 + 4069° 2’ 2”-52 T —87":17 T?-0"-045 T3,
where T is the time expressed in terms of a Julian century of 36525
mean solar days elapsed since midnight at Greenwich on Jan. 0—1
1900, which is taken as the origin of time.

The speed of p, is 0°-11140408031 per mean solar day, so that for
simplicity the first 2 terms of the formula above may be written :—

334°.329556—0°+11140408031 x No. of days.

An example of the computation is given below—

Required p, or 7 the mean longitude of the moon’s perigee for
0 hours on Jan. 1, 1923.

(o}
Absolute term 334-329556
Motion for 8401 days at 0°-11140408031
=935°-905679 or 215-905679

550.235235
or 190-235235

—387-17 T*~0-045 T? for T=-23 — +0005646

. pgor = 190°-234689

or 190°-2347 as given in the Nautical Almanae.

The values from 1924 onwards depend on the new formula above.
They are shown in italics in table I11.

The values for Jan. 1 computed by the new formula were found in
defect of those published in the old edition of the table after addition
of +136 and one day’s motion at -11404 to convert the latter to Jan.
1 instead of Jan. 0 by :—

+00159 in 1923
00324 in 1936
00608 in 1949
The tabular values for Jan. {0 from 1924 onwards were accordingly

corrected by interpolation from the above, and still require the constant
0-136 added.

These values may be also obtained from the N. Almanae, which is
usually available in time for any particular year’s computations.

88. These tables are to be employed together ; in using Table V
great care must be taken that the proper number
of days from January 0 is taken by means of Table
IV. The motion of p, or 7 is given for every day from 1 to 366.

89. This table gives the correction to the value of po Or T on

Tablo VL account of difference of longitude from Greenwich

The correction is required only to three places of
decimals of a degree, as far as the tidal computations are concerned,
and the table is constructed on the principle explained in Table II.

Tables 1V and V,
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Column 3 shows the exact correction for the difference of longitude
given immediately opposite in column 1; and column 2 gives the
correction which has to be used, for all values occurring between the
longitudes given in column 1.

Ezxample.-—Required correction for p, or 7 for 30° 30’ E. longitude.
By table II 30" = -500 of a degree.

From Table VI.—30°-500 lies between 27°:468 and 30°-700 in
column 1, and in column 2, opposite the space between those two
longitudes is +009, which is the correction required, and bhe sign is—.

90. This table will be found much more convenient than Crelle’s
for the particular multiplications required, and
admits of much more rapid computation. The
three augmenting factors R;, R,, and Ry occur so seldom, that it has
not been thought necessary to extend the tables on their account.

The usual multiples of the factors are one integer and three
places of decimals, or two figures only preceded by 0; for instance,
1-412, or 0-026. Sometimes, however, two integers and three places
of decimals have to be multiplied by the augmenting factor. The
use of the table hardly requires explanation, care being taken to put
down the decimal point correctly. The values in the tables are the
products of the factors by whole numbers.

91. These tables require no explanation. They give the value of

S,, S;, 8, and S, multiplied by every number
X'Tﬂ’;b&e;’nynl’ IX,  between +001 and -999 : from which the products

of these factors with other numbers can be rapidly
obtained, care being taken about the decimal point.

92. This table has been made up in order to permit of the
natural numbers corresponding to logarithms, with
indices 6, 7, and 8, being taken out much more
rapidly than could be done with Hutton’s Logarithm Tables. The
natural number corresponding to the given logarithm is only required
correct to three places of decimals. The table has been made up on the
same principle as explained in the case of Table II.

93. This table gives the values of N, (longitude of moon’s
ascending node), for 0 hour January 1, Greenwich
mean time, for each year from 1850 up to 1949.

Since the year 1924 the value of N, as given in the Nautical
Almanac, is derived from the formula in Brown’s tables, instead of from
the older formula given in Hansen’s tables, which was in use prior to
that date, and from which the values of & given in G. T. Survey

Table VII.

Table XII,

Table XIII.
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Vol. 16 were obtained :—vide Vol. 16 pp. 61 and 324 part 1.

The formula in use since 1924 is:—
259°10" 59”-79—1934" 8’ 317-23 T+ 7”-48 T2+ 0”-008 T% where T
is the time expressed in terms of a Julian century of 36525
mear: solar days elapsed since midnight at Greenwich on Jan. 0-1, 1900,
which is taken as the origin of time.

The speed of NV per mean solar day is 0°.05295392220 so that for
simplicity the first two terms of formula (1) may be written
259°-183275— 0°-05295392220 x No. of days.

An example of the computation is given below:—

Required the mean longitude of the Moon’s ascending node for
0 hours on Jan. 1 1923, :

Absolute term = 259°-188275

Motion in 8401 days at 07-05295392220

=—444°-865899 (or deducting 360°) = —84-865899
77-48T?+ 0”-008T2 for T at .23 = 0-000110
N = 174°-317486

or 174°-3175 as given in the Nautical Almanac.
The tabular values from 1924 onwards depend on the new formula
above. They are shown in italics in Table XIII. The values for January
1 computed by the new formula were in excess of those published in the

old edition of the table by :—
.................. 0034 1n 1923

.................. 0042 1n 1949

The old values were corrected accordingly by interpolation from
1924 onwards.

The values may also be obtained from the N. Almanac, which will
usually be available in time for any particular year’s computations.

94. This table shows the amount to be subtracted from the values
given in Table XIII, to obtain N at any particular
date. The mean value of N to be used in the tidal
reductions is the value at mid-year of the observations: and as half a
year after 0 hour of the first day under analysis falls at midnight, the
values in Table XIV are computed for each midnight.

95. This table gives the value of p,, the solar perigee, for 0 hour
January 1, from 1850 to 1949.

The formula for p,, the mean longitude of the solar
perigee, given in the Nautical Almanae for 1917 p- 590, 1s derived from
the formula given in Newcomb’s tables.

Table XIV,

Table XV.
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The formula is p, = 281°-183 15”-0 + 6189”:03 T + 1”-63
T* + 0-012 T3 where T has the same significance as above.

The first two terms may be written for simplicity 281°-220833 +
0°:00004706845 x No. of days.

An example of computation is given below :—

Required p, the mean longitude of the solar perigee for 0 hrs.
Jan. 1. 1923. -
Absolute term . ... 281°-220833

Motion for 8401 days at O° 00004706845 = 395422
1”7-63 T% + 0”7-012 T® for T at -23 ... = 000024
A = 281°:616279

The tabular values from 1924 onwa,xds depend on the new formula
above.  They are shown in ttalics in Table XV.

The values for January 1st computed by the new formula were in
excess of those published in the old Edition of the table by:—

0055 in 1923
0064 in 1936
0075 in 1949

The old values were corrected accordingly by interpolation from
1924 onwards.

These values may also be obtained from the N. Almanac which will
usually be available in time for any particular year’s computations.

96. This table shows the increment to be added to the quantities
given in Table XV to obtain the valuve on certain
days of the year, as the value of the solar perigee
(p,) is required for mid-year of the observations.

97. This table gives the values of 7, (inelination of the lunar orbit
to the equator), v, (the right ascension of the inter-
section of the lunar orbit and the equator), and £
(the longitude ‘in the moon’s orbit’ of the intersection), corresponding
to each half degree of N, (the longitude of the moon’s ascending node),
from 0° up to 180°.

When N is negative, I has the same value as when N is positive;
but » and £ change sign with .

The values of I, » and £, corresponding to N at mid-year, will be
easily found by interpolation between the two nearest half degrees.

98. This table is subdivided into seven parts (1), (2), &ec., and is
used for the determination of the factors 1//and f
required in ecalculating H from R and vice versd.

Table XVI.

Table XVII.

Table XVIII.
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The values are given corresponding to each 0°.1 of I, the inclination
of the lunar orbit to the equator. The values required in the computa-
tion are those corresponding to I for mid-year; so that I is first
obtained from Table XVII to correspond to NN at mid-year, and then
the 1/f or / will be easily calculated by interpolation from the particular
part of this table.

99. This table gives the values of »" corresponding to each 0°-1
of I. The v is required in computing the values of
hy—v' —3% m, the initial argument for the tide K.
100. This table is similar to Table XIX, and gives the value
of 2u” employed in determining the initial argument,
2%, —R2v”, for the tide K,.

Attention should be paid to the notes at the foot of these tables.

101. Harmonic analysis has been discontinued at all ports except

Basrah on the advice of Dr. A. T. Doodson and
digg;’;}gﬁl% analysis - prof H. Lamb. Observations were continued at

the minor ports for only 5 years or less; at the
larger ports observations extended over longer periods. At the follow-
ing working ports observations still continue merely for purposes of
local investigation and check on predictions :—Aden, Karachi, Bombay
(Apollo Bandar and Prince’s Dock), Madras, Caleutta (Kidderpore),
Rangoon and Moulmein. In addition tidal observations are being
carried out at Basrah with a view to harmonic analysis.

Table XIX.

Table XX.

THE PREPARATION OF DATA FOR TIDAL PREDICTION.

102. The result of the harmonic analysis has been the dissection of
the aggregate tidal wave,and it gives the tidal constants for each separate
constituent tide for each port.

To carry out prediction, it is necessary to carry out the synthesis
of these constituent tides and recompound them in their proper relative
positions in relation to the position of the moon and sun at the moment
chosen, for the commencement of prediction at the port in question, and
to obtain the amplitudes and phase angles to be set on the tide-predicting
machine at the commencement of the predictions.

From the harmonie analyses, the values of « and H have been
obtained year by year for each tide for each port, and the mean values
extracted after a long period of observations, varying from about 5 to 45
years in the case of some of the ports. :

As these average values are now adopted, these values of x and H
are entered in form 17 Tid for each of the separate tides to be set on
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the tidal machine for each port. The values of (7;+u) and f how-
ever have now to be determined for the actual year of prediction.

103. The method of procedure is best illustrated by a sample of the
computations for the data for tidal prediction for the tide-tables for 1923.

COMPUTATIONS FOR DATA FOR 1923 TIDE-TABLES.

Year begins 0 hour (noon) 28th December 1922, and is equal to 365 days.

Midyear = midnight 28th.-29th June 1923. (In case of a leap year mid-year
would fall at noon 28th June.)

N. (Longitude of moon’s ascending node.)

Table 13 for 0 hour (noon) 1st Janunary 1923 = 174°-3141
Table 14 December up to midnight 28th-29th June 1923 = —9-4523
164-8618

or 164862 for Greenwich

I. (Inclination of the lunar orbit to the equator.)

Table 17 for 164°-5 = 18°-544 and 165°-0 = 18°-529 Diff. for 0°-5 = —~0°:015
for Diff. -0367 to -0377 (see various values of IV on page 211)
=18°544-0°-011
=18"-533 for all ports

v. (Right Ascension of the intersection of the lunar orbit and the equator.)

Table 17 for 164°-5 4°-323
and for 165-0 4-190

Diff. for 0:56 =-0-133
Corrections correspendicng to differences varying

from 0367 to 0-370 = —0-098 v corresponding = 4°-225
w 0:371t00'374 =-0-099 " = 4-224
w 0:375t00-377 =-0-100 " = 4-223

(. (Longitude in the moon's orhit of the intersection.)

Table 17 for 164°-56 = 4°-040
w 1650 = 3:916
Diff,, 056 =-~0-124

Corrections corresponding to differences varying

from 0-367 to 0-368 =—0:091 { corresponding = 3°-949
, 0:3701t00-372 =-0-092 . = 3-948
0:373 10 0.377 =-0-093 ' = 3-947

» for determining (A,—+» — % 7), the initial argnment for tide K,

Table 19 for 18°:5 = 2°-515
. 186 = 3-049
Diff. .. -1 0534 and for 0-033 =0'176

Hence for 18-533 2-691 for all ports.

2 y" for determining (2h, - 2¢”), the initial argument for tide K..

Table 20 for 18°-5 = 4-548
~ 186 = H-531

Diff. ,, 01 = 0-98
0:033=0-324

Hence for 18°:533 = 4°-872 for all ports.



Crare. L] THEORY AND COMPUTATION
COMPUTATIONS FOR DATA FOR 1923 TIDE-TABLES.
N
No. Ports For E. For I v ¢ 4 2"
Green- | Long. Port
wich | Corr.
+ + + + + +
1 | Suez ... 1164-862/0°005| 164-867 4°- 225! 3°- 949
2 | Perim " 0-006 *868 " "
3 Aden ” 0'007 .869 .y "
4 Maskat y 0'009 .871 ” 948
5 | Bushire o 0-007 - 869 ’ 949
6 | Karachi " 0-010 872 4224|3948
7 Okha 1) ” " " "
8 | Porbandar 1) ED " " ”
9 | Port Albert Victor ’ 0:011 *873 " "
10 | Bhavnagar . " » " ” ”
11 Bombay (A.B) 1) " ” " »"
12 Do. (Prince’s ” " » " )
Dock)
13 | Marmagao " " " o ”
14 | Karwar " . " M "
16 | Beypore »” " " .- "
16 | Cochin ’ ' o ” "
' £
17 | Tuticorin - i " " g, ” " = E
18 Minicoy ™ " T " —_— " " s S.'
19 | Pamban wo| o |0-012 ‘874| @ " 947 & -
20 | Galle N ' " " .6 7] ” I ‘a
o 5 5
21 | Colombo " N " ® " " “ ey
22 | Trincomalee " " “ o " " & =
23 | Negapatsm " " " «® “ "» < :'D
24 | Madras " g " + " " ON -
26 | Cocaunada " R " " ”
26 | Vizagapatam " " " " "
27 | False Point o 0°013 <875 ” .
28 | Akyab . |0-014 -876 4-223| ,,
29 | Diamond Island....| ,, ” » . ”
30 Mergui e . 0:016 '877 ' ”"
31 | Port Blair " 0:014 -8'76 " o
32 | Dublat » |0-0183 -876 4-224|
33 | Diamond Harbour " ’ " » "
34 | Kidderpore " “ . v "
35 | Chittagong " 0-014 876 4223 "
36 | Bassein " “ - " “
37 | Elephnnt Point ... " " v “ ’
38 | Rangoon . . " " "
39 | Amherst ,

40

Moulmein
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COMPUTATIONS FOR DATA FOR 1923 TIDE-TABLES,
D
Table 15. For O hours st January 1923 = 281°-6108
Table 16. Inorement to O hours 29th June 1923 = + 0-00838
281-61918

Deduct for 12 hours to bring it to midnight 28th-29th

June 1923 — 0-00002
For all ports r = 281:61916 or281°-619

Do Or T

From Table 111 for Jany. 0 1923 i.e. noon Dec. 31,1922 = 189°-98899
Deduet for 3 days i.e. from O hrs. 3]st Dec. to 0 hrs.

28th Dec. 1922, vide Table V = =0-33421

Hence for noon 28th December 1922 = 189-65467
Add constant, vide footnote Table 11T +0-136

Py Or m=189°+79067 or 189°:791
for Greenwich,

Constant for Computing P from p,

P = p, + constant—¢ or values of { for various ports

P = p, + 20-5660 —3-949 = p, + 16-611 for ports from Nos. 1 to 3 and 5.

P =p, + 20560 —-3:-948 = p, + 16:612 for port No. 4 and for ports from
Nos. 6 to 18.

P =p, + 20:660 —3-947 = p, + 16-613 for ports from No. 19 to end.

I = 18°-5633 for all ports.
§I = 9°-26656 = 9° 15’ 69”4
Log. cot. I = 10-7873970 Log. tan § I = 921260

cot. § Jor NN = 6-129 tan? ) I = 8-42520
cot?. + I = 37-564641
3cotl § I = 6°2608

A, (sridereal time at mean noan)
hrs. mts.
Nautical Alamanac for
28th Dec. 1922 = 18 24 41°12
hrs. mts.
=18 24-6863
hrs,
= 184114217
or 276°-171326
= 276°-171
for Greenwich

gecs.

8, (moon’s mean longitude)

Nautical Almanac for

27th Dec. 1922 = 19°-4754

Daily Motion for 1 day = + 18-1764

.. for noon 28th Dec.1922 = 326613
Correction p. 598 NA

—w”-‘- -=0°-011

= 89°.6408

for Greenwich
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COMPUTATION FOR DATA FOR 1923 TIDE-TABLES.

I=18-533 for all ports

From Table 18 (1) ffor18-5 = 1:03672
and ,, 0-033=-— 00001947

Augmenting factorffor18'5633=1+0365253=1-037
for M,, N, 2N, v, M8, 28M and MSf tides

) (1-037)2 = 1-075 for M,, 2MS, and MN tides
{1-:037)3 = 1115 ,, M; tide
(1:075)% == 1-156 for M, tide
From Table 18 (3) ffor 18'5 = 0-'81333

and- ,, 0-:033=+0-00132

Augmenting factorf for 18:533= 0-81465=0'815 for O and Q tides
From Table 18 (5) ffor 18:5 = 0°83416

and ,, 0°033=+0'00128

Augmenting factor f for 18-533=_ 083544 or 0-835 for J. tide
From Table 18(8) ffor 18:5 = 0°88625

and ,, 0°033= +0-00079

Augmenting factor f for 18:533 = 0-85704 or 0°887 for K, tide
From Table 18 (9) ffor18-5 = 0-i5462

and ,, 0:033=+0-00123

Augmenting factorf for 18:533=0-75585 or 0-756 for K, tide
M, K, = 1-037 x 0'887 =0-919819 or 0:920 for M; K, tide

2M, K, = M, K,;=1:075x 0-887=0°953525 or 0-954 for 2 M, K, tide

Augmenting factor
%for M, from Table 18 (1) for 18+5 =0+ 96458

and ,, 0:033= + 0-00018
0-96476 or 0°965

for; M, N, 2N, », MS, 2SM, and MS(. tides.
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COMPUTATIONS FOR DATA
ko %0 pO P :
Name of Port P !
. For For For '
No. E.L| Port | B.L.| Port |E.L.| Port |(Coms-| = | 2F }
Corr. Corr. Corr. tant | (po ";
Greenwich . 1e-rm1| . [s2-641| 4 |189-7en) ~9 < i
- - - + "
1 | Suez . 0% 089|276 082(1°191[31° 450(0"010{139" 781(16" 611|206" 392|52° 784
2 | Perim " 10-119|276-052(1-589;31-052(0-018] 778 -389 -778
3 | Aden " 10°128/276-048(1-647|30-994/0-014|  -777| . -a88| 776/
4 | Muskat " 10-160/276-011/2-145/30-496|0-018]  .773| -612 -385 -770
6 | Bushire .10-139/276-032|1-857(30-784/0-0168| -775| -611| +386| -772|
6 | Karachi ... l0-183!275 - 988|2- 451{30-190{0- 021 -612| 382 -764
7 | Okha .. lo-189/275-982|2-529(30-112{ ,, . ., .
8 | Porbandar “10-191{275-980|2-548[30-093|0-0%2| 769 ,, -381 .762
9 | Port Albert Victor |0:196(275:975(2-618(30-023| ,, " " " ”
10 | Bhavnagar . 10-198/275-973|2- 641|30-000| ,, N N . .
11 | Bombay (A.B) ... [0-199/275-972/2-666/|29-975/0-023|  -768| ,, -380| -760
12 Do. (Prince’s (0°199,275-972 2-667(29-974| ., " ' » )
Dock)
13 | Marmagao . 10-202/275-969|2-701(29-940{ ,, . Y Y .
14 | Karwar .. 0°203|275-968[2-712{29-929] ,, \ . " .
15 | Beypore . 10-208|275-963(2-774/29-867 ,, i " , .
16 | Cochin .. |o-209275-962/2-791|29-850{0 - 024] -767] 379 -758
17 | Tuticorin . [0-214{275-957|2860(29°781| ,, " . , .
18 | Minicoy ... |0-200(275-971|2-674/29-96%7(0-023]  -768] ., -380| -760[
19 | Pamban . 10-217|275-954[2-899(29-742/0-0256|  -766| -613| -379] 758
20 | Galle - .. |o-220/275-921|2-936(29- 705 ,, ., . . oo
21 | Colombo . l0-2191275-952[2-922/29-719| , | .\ . .
22 Tl'incomalse . 0-222|215-949 2'972 29 669 " T 2] 1] ”
23 | Negapatam 0-2191275.052(|2-922|29-719| " " " "
24 | Madras . 10°2201275 951|2-939:29-702| ,, .. . ., .
25 | Coconada . 10-225|275-946|3-010[29 631 . " " " "
26 | Vizagapatam . 10-228|275-944(3-048/29-593(0-026|  -765| |, -378| 736
27 | False Point . |0-238l275-933(3- 177,29 464/0-027| -764| ., 377 754
28 | Akyab . 10-254|275-917|3-400(29-241]0-029|  -762] -375| %50
29 | Diamond Island .. |0-258(275 9123|3-451]29+190 ,, .. " . "
30 | Mergui . [0-2701275-901/3-60920-032j0-031]  -760! -373| 746
31 | Port Blair .. [0-254/275-917(3-305(20- 248[0-0209]  -702| |, 876 750
32 | Dublat ... [0-241|275 930/3-226(29-415/0-027|  -764| . 377 764
33 | Diamond Harhour |0-241|275 930;3-228/29-413| " " " "
34 | Kidderpore . |0-242/275.920|3 - 233:29- 408 . Y . .
35 | Chittagong . {0-261(275°920|3-361|29- 2800028 -763| . -376| 762
36 | Bassein . 10-260(275-911|3 46929 172(0-029|  .762| | 375 780
37 | Elephant Point ... |0-264|275-907|3:5256/29-116/0-030| -761| .. 374 748
38 | Rangoon .. [0-263(275-908|3 520|29-121| ,, . . .
39 | Amherst . [0-267(275-904{3-571(29-070( ,, . " " "
40 MOlﬂmeln . 0'267 276'904 3 '573 29 '068 vy vy X} » ”
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CrAr. 1.] THEORY AND COMPUTATION

FOR 1923 TIDE TABLES.

Cos
. (5)— [Cologof| Log
2 P Log sin |Log cos) 2P |y (421" 4y | " (6) | TanR.
Q) 2P 2P or |°41 - — R
2 3) |vN.| A = =
@ | @NET G [ ©® ] @ [@m
+ + + | + [ + + +
52 47 -4 9-90111/9-78163 9-14860| 8 0 52-24/8-015
46 40-8| 9-90108(9-78169 9-148567| 8 0 50-28|8-01
46 33.6| 3-90106(9-78171 9 14855| 8 0 48-97
46 12-0| 9-901039-78177 9-14852| 8 0 47-008°013
46 19-2| 9-90104]9-78175 9-14853 8 0 47-65
45 50-4| 9-900999-78183 9-14848) 8 0 44-38/8-012
" ¥ ce ” ’ "
46 43-2| 9-900989-78185 9-14847| 8 0 43-72| .
” i1} 9" " ” "
45 36-0| 9-90097(9-78187 9-14846| 8 0 43-07| .
t1) (1] " ”» " 1
12) " " " ” "
45 28-8| 9:90096/9-78189 | 914858 0 4zea1|
o @ /] .‘g
) ™" . ": ﬁ "; 8, e ” ”
45 36:0 9:900979-781871 & | & | 8| £ |9-14846/8 0 43-07 .
a5 28-8 9-00006/9-78189 = | 5| F| T |9.14845/8 0 42-41| |
" " " '_d‘ ’a‘ ’E s » ” 11
8 8 8 -
[ [er} o %ﬁ
i " , S| | 8 S , ”
) ] o N o ~ 1) ’ ”
l " ) o © v c, ” ” »
” " " + + + " " ”n 1"
45 21-6 9-90095(9-78191 9:14844/ 8 0 41-76| .
45 14-4| 9-90094/9 78193 9.14843| 8 0 41-10(8-011
45 0-0| 9-90091|9- 78197 9-14840| 8 O 39-13|
44 45-6| 9-90089|9-78201 9-14838| 8 0 37-82] .
46 0-0| 9-90091/9-78197 9-14840| 8 O 39-13 .
45 14-4] 9-90094|9-78193 914843 8 0 41-10| .
” ” ” 1 y "
45  7-2| 9-90093[9-78195 . 9-14842 8 O 40-44| |
45  0-0| 9-90091|9-78197 9-14840| 8 0 39-13 .
44 528/ 9-90090/9-78199 9-14839| 8 0 38-48
" ” " ” ” "
” " ” " " X ”
" (1] " » " ”»
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THE TIDES

Caar. 1.]
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Caap. 1.] THEORY AND COMPUTATION
COMPUTATION OF DATA FOR 1923 TIDE TABLES,
To+u
V0+u fOl‘M V0+u
ko v ho—v & ¢ se—¢ | for M, MS » | for Fot+u “Sf:
orsS, = -9 siy[ M, for S o
+ + + + + (Ro=v)=| 7y & M, |z~
(50=9) -MSf 2M8
o a ° c .o [} [} [ o ‘o
276°082|4-225| 271-857| 31-450(3-949| 27-501| 244-3566| 128-712| 257 424| 26:186| 1
-052| 827 +052| ,, +103 ‘724 129-448| 258.896| 28-344| 2
-048| *823| 30-994| ,, +045 778 -5566] 259-112 -668| 3
‘011 ,, *7786 +496(3°948| 26-548| 245-238| 130-476| 260-952| 31-428| 4
+032] 807 +784/3°949 *835| 244-972| 129.944| 259-888| 29-832| 5
275-988(4.-224 764 +190|3 - 948 +242| 275-522| 131-044| 262-088| 33:132| 6
982 ,, 758 -112) 164 *594. *188 -376| -564| 7
980 *756 093 ,, *145 *611 <222 ‘444 ‘666 8
975 751 028 ,, -075 676 -352 *704( 34-056| 9
973, +749| 30-000| ,, -052 697 *394 788,  -182| 10
972| 748| 29-975| ,, .027 721 442 -884|  -326| 11
972 ,, 748  -974) *026 722 -444 -888| 332 12
‘969( ,, 745 +940| ,, | 26-992 753 -506] 263:012| +518| 13
-968| , 744 -929| ,, 981 763 +526 -052 578 14
963 ,, 739 -867| -919 -820 *640 -280  -920| 15
-962| ,, -738| -850, ,, 902 -836 672 *344| 35-016| 16
‘957 , 733 <781 ,, 833 +900 +800 +6800 +400] 17
971 ,, *747 967 ,, 26-019 728 *456| 262°912| 34-368] 18
*954| ,, 730 *742(3-947| 25°795 *935 *870| 263-740] 35-610| 19
951 ,, <7271 705 758 -969 -938 876 -814| 20
«962| ,, *728 ‘719 ,. 772 956 ‘912 824 -736| 21
<949( ,, *726 *669 ,, +722| 246°003| 132.006| 264012} 36-018| 22
*952| 728 ‘719, “772( 245°956( 131°912| 263.824| 35-736) 23
*951| ,, 727 *702( , 755 1972 *944 888 *832] 24
*946( ,, *722 ‘631 ,, *684| 246°'038| 132-076| 264°152| 36-228| 25
*943| ,, *719 593, , +646 -073 *146 +292 *438| 26
+933| ,, 1709 <464 |, 517 +192 +384 768 37-162| 27
9174223 *694 *241, , <294 400 +800| 265-600| 38-400| 28
913} ,, *690|  +190| ,, *243 447 *894 788/  -682] 29
*901| ,, 678 +032| ,, *085 -593 133.186| 266-372( 39-558| 30
917 ,, * 694 246 |, 299 *3956( 132+790, 265.580| 38°3%70| 31
+930(4-224 706 416 , *468 238 ‘476| 264-9562| 37-428| 33
930 ,, 706 413 *466 -240 *480 *960|  -440| 33
929 705 -408| *461 244 -488 -076|  -464| 34
+920(4,- 223 *697 280 , *333 364 <728| 265-456| 38-184( 35
o11| , ‘688 -172| - 225 - 463 926 "8562| ‘778 36
<907 ,, +684 -116| ,, *169 -b15| 133°030| 266060 89'090| 37
908| , 885 t121| 174 511 $022 044  -066| 38
‘904, -681) -0%0[ ,, 123 -558 *118 '232|  -348| 39
'904| 681 -068| ,, ‘121 *560 *120 240  -360| 40




Cuar. 1.] THE TiDEs
COMPUTATION OF DATA
s _ =(Vo+u) | =(Vo+4)
-] h -y $ mor for 2k - 2" for
0 . 0
1| 276°-082—2°:691 + 270°- 000 183°:391 | 192°-164—4° 872 | 187°:292
2 ‘052, " ©+361 C o104, +232
3 ‘048, " -357 -096 224
4 ‘o011, " -320 C 022, -150
5 032, ” -341 © 064, 192
6| 275-988 " 297 | 191976 © "104
7 ‘982 Y -291 ‘964 -092
8 -980, ,, " - 289 ‘960 *088
9 ‘975 " " 284 *950 " -078
10 ‘973, " - 282 ‘946, -074
11 972, . -281 944 -072
12 *972 ” ” 281 *944 » '072
13 ‘969 ,, . - 278 ‘938, *066
14 ‘968 ,, " 277 936 " -064
15 968, . 272 ‘926, '054
16 962, . 271 ‘924, *052
17 957 " *266 914, *042
18 ¥ 75 U . -280 ‘942 - 070
19 ‘954, . -263 908  ,, -036
20 951 " » - 260 +902 ” 030
21 952, " -261 ‘904, -032
22 -949 ” ”» 258 898 M 026
23 952, " - 261 <904 -032
24 ‘951 " -260 ‘902, *030
25 ‘946, ”» +255 ‘892, *020
26 ‘943 " 252 -886 014
27 -933 . " -242 -866 ” 186994
28 017 . . -228 *834 " -962
29 913, Y -222 ‘826 954
30 ‘901, " -210 802, 930
31 o7, . 226 ‘834, -962
32 -930 " " *239 860 " -988
33 930 ” -239 -860 +988
34 ‘929 . -238 858 986
35 ‘920 ,, " 229 840 ” -968
36 911, . +220 822, -950
37 907 ”» ” "316 814 " 942
38 908 Y $217 816, ‘944
39 ‘904  ,, ” 213 -808 *936
40 -804 " -213 ‘BO8 " 936

s
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Caar. 1]

THEORY AND COMPUTATION

FOR 1923 TIDE TABLES.

§mor {4ror
(ho—y) . —2-(80 E) + . 90.'000 =(Vo + u) —ko+ 90°000 = (V0+u)
or M ' for O for P
Q o o o
271857 —55-002 +90°000 306855 83218 + 90000 173918
‘827 -54-206 » 307-621 *948 " <948
-823 —54-090 ”» *733 952 " +952
786 —53'006 " 308-690 +989 " *989
‘807 -—53-670 . ” 137 968 - ,, 968
-764 —52-484 " 309-280 | 84-012 174012
*758 +328 " -430 018 <018
-756 +290 . - 466 020, -020
761 -150 ,, -601 025 -025
749 -104 . " *645 <027 " <027
748 -054 " <694 028 028
-748 052 " 696 028, -028
745 Lp1°984 -, 761 ‘031, .031
744, - 962 . 782 032, -032
‘739 . -838 . , - +901 <037 " 037
738 | -804 y -934 038 .038
-733 666 " 310067 043, .043
‘747 —52-038 o 309709 029 .29
730 ~51-590 " 310°140 046 . .046
727 :516 " -211 049, .049
728 -544 ” *184 ‘048 -048
725 444 " -281 051 051
728 544 . +184 048 ,, <048
727 510 " 217 ‘049, -049
7929 -368 " *354 054 " ‘054
*719 <292 " 427 +057 " <057
*709 -034 " ‘676 067 ., .067
*694 —50-588 ” 311106 -083 - +083
-690 - 486 " -204 087 -087
-678 170 " +508 099 -099
694 .598 " 096 .083 .083
-706 936 . 310-770 -070 " <070
*706 -932 " 774 00, 070
705 922 . -783 071 " 071
- 697 -666 , 311-031 ‘080 <080
638 450 . -238 089, -089
<634 .338 . -346 093, <093
<683 <348 ” +337 -092 » =092
-681 246 . +436 1096, 096
-881 -242 . -439 096, -096




CHAP. 1] Tep TIDES
COMPUTATION FOR DATA FOR 1923 TIDE TABLES.
£
& 3xor
e | (ho=) + (80—po) — 270 000) = (Vo+u) | (Po+u)forO= | =(Py+u)
; or Mm forJ (30—2s) for Q
Z
1| 210857 +201-669 +270°000 | 23-526 | 306-855—201-669 | 105-186
2 827 274+, ‘101 | 307-621 -274 | 106-347
3 -823 217+ ., -040 -733 217 -516
s 786 +200-728 ~+ 22-509 | 308+690-200-723 | 107-967
5 807 +201°009 + ., -816 -137 = 201009 +128
6 764 +200-420 + 184 | 309-280-200-420 | 108-860
7 758 342+ ., -100 ‘430 342 | 109-088
8 756 ‘326 + -080 466  -324 -142
9 -751 264 + -005 601  -254 +347
10 749 281 + 21-980 645 231 -414
11 748 207 + -955 694 207 -487
12 -748 206 + -954 696 +206 -490
13 745 172+, -917 761 ‘173 -589
14 744 161+, -905 782 .161 -621
16 739 099 + -838 901  -099 -802
16 738 088 + -821 934  -083 -851
17 733 014+, 747 | 310-067  -014 | 110-033
18 747 ‘199 + ‘946 | 309-709  -199 | 109-518
19 730 +199-976 + 706 | 310.140-199-976 | 119-164
20 -737 ‘939 + 666 211 -939 -272
21 728 ‘958 + 681 184  -953 -231
22 -725 ‘903 + ., -628 281 903 -378
23 -728 ‘953 + -681 ‘184  -953 -231
24 797 ‘936 4+ . -663 217 -936 -281
25 -792 ‘866 + -587 -354 -865 - 489
26 719 ‘828 + . -547 427 -828 -599
27 -709 700+, 409 675  -700 -975
28 -694 479 + ‘173 | 311-106  -479 | 111627
29 <690 428 + ‘118 204 428 ‘776
30 -678 272 4+ . 20-950 508  .272 | 112-236
31 - 694 488 + 21-178 096 -484 | 111.612
32 -706 661 + ., -357 | 310770 -85l 119
33 -706 €9 + 356 174 -649 125
34 -705 644 + 349 783 -644 139
35 -697 517+ 214 | 311-031 517 514
36 -683 410 + -098 238 -410 823
37 684 365 + -039 346 -365 -991
38 -685 360 + ., -045 337 -360 977
39 681 300 + . 20-990 436 -309 | 112-126
40 691 307 + 988 439 -307 -232
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Cnar. 1] THEORY AND COMPUTATION

COMPUTATION OF DATA FOR 1928 TIDE-TABLES,

B
[
(=)
Ay
w (Vo+u) for Mg+ (5p—po) +7*=R  |=(Vy+u)| (Vy+.u) for M, =(Fo+u)
o for L —(So—2p0) for N
Z
1 | 126-712 +201-669 +180-000+851-985 | 142-366| 128-712-201 669 287043
2 | 129-448 274 " 986 | 142-708| 129-448 ‘M4 288-174
3 -556 -217 " 986 | 142-759 656 -217 *339
4 | 130-476 + 200-723 " 987 | 143-186| 180-476-—200'723 289-753
5 | 129944, + 201 - 009 " W | 142°940| 129°944 —201-009 288935
6 | 181-044 + 200- 420 " 988 | 143:452| 131:044--2(0 420 290 624
7 -188 842 " " ‘518 188 342 - 846
8 -222 -324 " " '534 222 324 -898
9 -352 -254 " ” 594 -362 -264 291-098
10 -394 231 " " *613 *394 -231 -163
11 442 -207 " " 637 442 207 *236
12 ‘444 - 206 " " 638 ‘444 206 -238
13 +506 172 " " + 666 506 172 *334
14 626 *161 " , ‘676 656 ‘161 *365
15 640 -099 " " 727 *640 *099 541
16 672 -083 " " 743 672 +083 689
117 -800 ‘014 " " 802 -800 ‘014 786
18 -456 -199 " " -648 456 199 -267
19 -870+199-976 " " -834 *870-199'976 * 894
{20 -938 -939 " " *865 938 -939 999
21 912 253 " . 853 912 953 +959
22 | 182-006 903 " " 897! 132006 903 282-103
23 [ 131-912 -953 " . *863 | 131912 -953 291-959
24 944, -936 " " -868 944 -936 292-008
25 | 132076 -866 " Y 929 182 076 *865 -211
26 -146 -828 " " -962 +146 ‘828 -318
27 - 384 “700 . 989 | 144073 -384 700 - 684
28 800 479 " ” + 268 +800 *479 293-321
29 -894 -428 " " -311 - 894 1428 +466
30 | 133-186 -272 " " ‘447 133-186 1272 ‘914
3‘1) 132790 -484 " , *263 | 182-590 *484 -306
32 *476 *651 " E ‘116 *476 661 |g [292:825
]
a3 +480 +649 , - T - 480 .649 |8 -831
34| 488 644 . [F8]126 488  -oet [@2] 544
35 728 517 » |23 |-3c6 728 517 §,§ 208-211
36 926 410 o " EJ +325 -926 410 | 516
. ’ i -
37 {133.030 366 " " gg -874| 133-030 355 g’_g 675
38 022 -360 " wo |5 ]-871 022 860 |8 - 662
39 ‘116 +309 " w o8] 414 -116 309 8¢ 807
40 ‘12 . L3
0 807 " v | = |-416 *120 "807 B -813




8o

Crar. 1.] TeEE TIDES
COMPUTATION OF DATA
5 Vo+u) for
E Ty oty (Vo+u) for N—
- (Vot+u) for My+(s9—po) +2 =280 | =(Vo+w) —(V=+u) — 0 (So—p0)
d for Vv forolt[, =(ho—p)
2 .
1| 128-7124201-669+192-164 4297100 99:645 |  231.288 5537 287043 —201-689
2120-448 274 104+ 896 | 100-722 |  230-552 +567 288174 274
3 .556 217 +096 4298012 881 444 +571 +339 217
4 | 130-476 +200-723  -022+289-008 102-229 | - 220524 -608 289753200723
5| 129-9444201+000  +064+208-432 101449 230+056 <587 298935201009
6 | 131:0444200-420+ 101976 +299-620 |  103-060 | 228956 +631 290+624—200-420
7 188 342 964 776 +270 -812 637 846 342
8 0222 +324 +960. 814 <320 =778 639 -898 .324
9 +352 254 *950 <954 +510 +648 <644 291098 «25¢
10 +394 231 *946 + 300000 571 *608 +646 «163 231
11 442 «207 944 <050 *643 +558 847 *235 <207
13 444 +206 944 *052 646 +556 647 +238 +206
13 +508 172 +938 +120 736 «494 «650 +334 -172
14 +526 «161 +936 +142 +765 474 651 +365 -161
15 +640 «099 <926 <266 931 <360 656 +541 <099
16 672 +083 924 «300 979 +328 +657 +589 .083
17 +800 014 914 -438 104166 «200 +662 +786 <014
18 456 +199 042 <086 103-663 544 648 «257 .199
10 +8704199-976 <908 :516 104270 +130 665 «894-—199.976
20 +938 - 939 2902 +590 +369 1062 +868 -999 939
21 912 <953 *904 <562 +331 «088 +667 959 -953
22 | 132-006 <903 +698 662 469 227994 670 292-103 903
23 | 131912 <953 -904 +562 +331 228088 - 867 291-959 953
24 944 *936 +902 =396 <378 +056 +668 202008 .936
25 | 132-076 +865 892 \738 571 227924 673 211 <865
26 .148 -828 886 814 674 <854 -676 «318 .828
271 384 700  +866+301-072 |  105-022 -616 -686 684 700
28 *800 479 834 +519 +031 +200 702 203-321 +479
29 894 438 826 +620 768 -106 -708 466 -428
30| 133188 .272 802 936 106:196 224814 718 914 272
31 | 182-700 484 -834 +508 105-816 227-210 «702 +306 <484
32 476 681 «860 +170 <157 +524 -669 202-825 +651
3 480 *649 +880 <174 +163 +520 -89 831 <649
34 +488 644 858 +184 174 *512 +690 -844 644
85 728 517 +840 410 525 *272 +699 2913211 -517
38 926 *410 -822 -056 814 074 <708 516 +410
37 | 133-030 «35% *Bl4 <768 *867 226-970 <712 <675 355
38 -022 <360 816 -758 +956 978 711 *862 «360
89 +118 +300 -808 +860 106-003 894 715 -807 +309
40 «120 <307 <808 +864 <099 +880 +715 813 <907
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CraP. 1.]

THEORY AND COMPUTATION

FOR 1923 TIDE-TABLES.

=(Vy+u) for (Vot+u) for My+ =(Vy+u) (Vo+u) for M,+ =(To+u) for
2N (Votu) for N i.’orl‘?[ﬂ;g4 or (Vo+u) for K, MK or M.K,
85874 1287124287043 55755 128:7124-163-391 312-103
86:900 129.448+268-174 57.622 129448 -361 809
§7-122 -556 -339 895 556 357 -913
89-030 130+476 +289-753 60-229 130476 -320 313-796
87926 129944288935 68+879 120944 341 -285
90+204 1310444290624 61668 131044 -297 314341
<504 +188 846 62034 -188 <291 479
574 222 -898 -120 222 -289 -511
844 +3524291-098 450 -352 T 636
932 -394 -163 557 +394 -282 676
91-028 <442 +235 677 442 281 723
+032 <444 -238 682 <444 281 725
-162 +506 -334 .840 + 506 -278 <784
204 526 -365 891 +526 277 -803
442 +640 54l 63181 -840 272 912
<506 672 589 -261 672 271 943
772 800 786 -566 +800 +266 315066
058 456 257 62-713 456 -280 314736
-918 870 894 83764 870 -263 315-133
92060 -938 999 -937 -938 +260 198
006 912 <959 871 912 -261 «173
200 132006 +292- 103 64109 132:006 -258 264
+006 131-912 +291.959 63.871 131912 261 -173
1072 <944 + 292008 052 914 260 204
346 182076 .211 64287 132076 255 -381
490 146 +318 -464 146 252 398
<084 384 634 65-068 -384 242 626
93-812 -800 + 293-321 66+121 <800 220 316:026
94.038 -894 466 -360 -804 -222 -116
642 133186 914 67100 133-186 -210 +306
03822 182790 +308 68056 182-790 -226 -016
174 476 + 202835 65301 476 -239 815.715
182 480 -831 311 +480 -239 719
+200) -488 844 -332 -488 +238 726
<604 7284203211 -939 728 229 957
94106 926 510 96442 926 220 916.140
-520 183:030 675 +705 133-030 -218 246
+302 022 662 684 022 217 230
-408 110 <807 -023 116 -213 .320
506 120 813 -933 120 219 +393
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COMPUTATION OF DATA FOR 1923 TIDE-TABLES.

-~
12
o
M (Po+u) for My— (Fo+u) for K, | = (7 + 1)
o for 2MK,
z° or 2M,K,
1| 257-424-183-391 74033
2 | 258-896 361 75535
3| 259-112 +357 "765
4 | 260-952 - 320 77-632
b | 259-888 +841 76547
6 | 262-088 *297 78791
7 -376 +291 79085
8 ‘444 +289 +156
9 704 - 284 420
10 -788 282 506
11 -884 -281 -603
12 - 888 281 607
13 | 263-012 '278 734
14 -052 277 776
15 -280 272 80-008
16 -344 $271 -073
17 600 - 266 +834
18 | 262-912 -280 79632
19 | 268-740 - 263 80477
20 876 * 260 616
21 824 1261 563
22 | 264:012 +258 *754
23 | 263-824 +261 663
24 -888 +260 -628
25 | 264-152 256 897
26 -292 +252 81:040
27 -768 242 -526
28 | 265600 - 226 82-374
29 +788 *222 -666
30 | 266-372 -210 83162
31 | 265-580 1226 82°354
32 | 264-952 -239 81-713
33 +960 +239 721
84 ‘976 +238 <738
36 | 265-456 -229 82-227
36 -852 -220 *632
37 | 266-060 218 844
38 044 217 -827
39 1232 *213 83:019
40 ' 240 *213 027
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COMPUTATION OF DATUM BELOW MEAN SEA LEVEL FOR 1923 TIDE TABLES.

LER

8 ,9E2
Mean of A, up to 1st January 1918 %5 -E = E Datum above or ]g:fgl‘?
above zero of gauge E 8 E.z 8 below zero of gauge. | "1

i
1. Aden 846 1:600 above 4-246
2. Karachi 209 2:000 ,, 4-209
3. Bombay (Apollo Bandar) «e | 10230 2:000 8:230
4. " (Prince's]Dock) 8:244 14-000 below 22244
5. Madras P 2.283 0:350 above 1-933
6. TKidderpore | 10-717 0°'000 identical 10-717
7. Rangoon 10-248 0°000 identical 10248
8. Moulmein 8-492 2:660 above 5-832
9. Port Blair 4754 1:160 above 5584
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v

104. From these computations the values of (V;+#) and f
obtained are entered in form 17 Tid, and hence, by subtracting (7,+u)
from « already entered, ¢ is obtained, and by multiplying H by f, the
value R is obtained.

The entries for Karachi for data for the 1923 predictions are
shown below, as extracted from 24 forms (17 Tid) for the 24 tides
whose components are set on the machine.

~

17. Tid.

VALUES OF B AND Z FOR 0 HOURS 28th DECEMBER 1922. DATA FOR 1923
TIDE-TABLES FOR KARACHI.

Tides p Vot u K_(ZVO swy| E f oy
° ° o feet feet feet

M. 293°76 13104 162: 92 2'564 1037 2:659
M, 93'55 262 og 19746 o-c26 1°073 0-028
M, 204°97 3313 171-84 0047 1115 0°'052
S, 175°50 000 17580 o-o88 1'000 o 088
Sy 323713 000 32313 ©:939 1000 0959
K, 46-19 18330 222-89 1-308 0837 1+160
K, 31873 187-10 13165 0268 0436 0'203
o 46-77 30928 97°49 o660 o815 0538
N 27787 200° 62 34725 0-614 1°03% 0°63%
v 259°54 103-06 17648 0°143 1:037 0:148
27(8§A) 152° 41 19198 320743 0°150 1+000 0’150
T 28496 5:63 279°33 o-o8o 1+000 o'o8o
P 44°57 174701 23056 0-395 1000 0°393
J 62-97 22-18 40°79 o080 0:835 0°'073
Q 48-79 10886 399°93 o 141 0813 o115
L 29656 143° 458 15111 o'o80 0931 0074
i 26789 262-09 580 o' 06s 1°07% 0070
M8 318-66 13104 18762 0034 1:037 0:03%
28M 112°33 " 22896 243°37 o'or1g 1°037 0'o010
7 (SA) 7160 275°99 15561 o 144 1’000 0'144
2N 345°05 90° 20 15485 0:092 1:037 0°095
M, N 23216 61:67 17049 0°'049 1'075 0'033
M, K, 7650 31434 12216 0°043 0'920 0‘04o
2M,; K, 7041 78-79 062 0'0120 0'954 0019

105. From the above data the form 1 Tid Pred for the settings

. required on the tide predicting machine for height only,

| Somputation of Form o ‘for height and time combined, is computed as
shown in the sample of the form given on p 86.



COMPUTATION OF FORM 1 TID PRED.
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106. The scale for the portis entered from table XXI at theend

o Chapter I. The secale factor M is also entered from the same table.
C =M, the scale factor
12-7

As the machine is set in millimetres, and the amplitude of the
motion given by the machine is double of that required, owing to the
rope passing round the pulleys, 12:7 has to be taken as the dividing
factor, being one half of 25.4 the number of millimetres per inch.
A, is the height of mean sea level above the datum of soundings and is
entered from table on page 83. 8, is the correction applied to the S;dial
pointer on the machine, to change its phase angle from local mean to stand-
ard time. These changes in phase have been tabulated in table XXI.

S, is the dial pointer, by means of which the tide-predicting machine
is set in phase for the commencement of prediction. It has been selected
for setting as well as stopping the machine for time, as it completes two
revolutions in one day’s movement, and it is thus sufficiently rapid to
obtain a good time check, while admitting of the machine being under
proper control, so as to stop it at any desired moment.

The entries for (360 -¢) or Z are obtained from the data in
form 17 Tid. for each tide.

AZ are the changes in Z after 369 days, which are based on the
speed of each tide. These movements are entered in the form for 369
days motion, and they are also tabulated in table XXII, which shows
their motion up to the first of every month, in case an intermediate setting
is required for any month in the year, if the machine breaks down from
any cause. The summation of (Z+ AZ) gives {'. The values of R
are entered from form 17 Tid, for each tide. _

The remaining entries on the form require no explanation except
the quantities R, R,, R,.

The sums of the upper and lower series for R having been obtain-
ed ; their difference a;, multiplied by C, gives R, the first check for the
height of the pen, above or below mean sea-level, to be verified on the
machine after the amplitudes have been set.

The sums of the upper and lower series for RM having been
obtained, their difference a,, divided by 12.7, again gives the value R,
as a check on the previous working. The sums of the upper and lower
series for RM cos Z having been obtained, their difference a,, divided
by 12:7, gives R,, the check for the height of the pen, above or below

mean sea level ; to be verified on the machine after the phase angles are
set by the dial pointers.
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The sums of the upper and lower series for RM cos ¢ having been
obtained ; their difference a,, divided by 12-7, gives R;, the check for
height of pen, to be verified on the machine after the curve has been
run for 369 days.

107. The form 2 Tid. Pred. is intended for use when the settings

Computation of " the tide-predicting machine are required, for
form 2 Tid, Pred. purposes of prediction of times of high and low
water only, by the Chronograph method.

The form will always be computed after the form 1 Tid. Pred.,
for height only, has been completed, and advantage has been taken
in the arrangement of the computation to utilise the results already
obtained on form 1 Tid. Pred., whenever the entries required are

the same.
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108. The correction to standard time is entered in minutes, and
the correction to the phase of S, is obtained by dividing this by 2,
or from table XXI. Tis an arbitrary factor which is obtained by
dividing n the speed component in degrees per m.s. hour by 40, and
was selected with a view to keep the motion of the pen-box on the
machine within the limits of the pen-guide.

The entries for (360°—¢) + 90° or &, are obtained from form 1 Tid.

Pred. by addivg 90° to the values of Z, or from the data given in
17 Tid.

The reason for increasing the phase angles by 90° is as follows.

The hefght of the tide at any moment is the sum of a number of
simple tides such as RM cos (uf - £) so that
h=3 RM cos (ut - t).

High or low water occurs when this is a maximum or minimum,

t.e. when %’:o or 2 RMn cos (nt—¢+90°)=o.

Hence if the machine is set with amplitude RM#« and phase angle
&+ 90° it will draw a curve which will cut the mean level line (corres-
ponding to all components set to zero) at the instants of high and
low water. (Actually these amplitudes are multiplied by ;i to bring
them within convenient ranges for the machine).

The form 2 Tid. Pred. closely resembles 1 Tid. Pred.
(&' +90% or &'
is the phase angle as altered after having completed 369 days move-
ment and is obtained from the form 1 Tid. Pred. by adding 90° to the
value of ¢ in form | Tid Pred. It is also directly obtainable from form
17 Tid. and table XXII being the value of [360° - ¢+ 90°4 change of
movement in 369 days].

RMT is obtained from the RM of form 1 Tid. Pred. by multiply-
ing RM by the factor T.

The remaining entries on the form are quite clear from the form
itself, several of the entries being the same as in form 1 Tid. Pred.

The checks to the pen height R, R,, R, are obtained in a similar
manner to those in form 1 Tid. Pred., except that there is no double
check on the value of R,.
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PreEpicTioN FOrR RIVERAIN Ports.

109. The tide-predicting machine, combining some 24 tidal com-
ponents, gives accurate results for open coast stations. But for tidal
stations situated in rivers at some distance from their mouths or in
estuaries having a considerable shallow foreshore, the number of over-
tides and shallow water components on the machine do not suffice
to represent, with the accuracy desired, the actual tidal curve. In addi-
tion to the above, the tides are greatly affected by freshets in the rivers,
which alter the normal times of high and low water very considerably
during several months of the year.

In order therefore to predict the times and heights of tides at
Riverain Ports, recourse is had to the method of referring the observed
times and heights of tides to the apparent time of moon’s transits
preceding them by about 13 to 1% days, for reasons explained in para 112.

The computation is carried out on form 3 Tid. Pred, the computed
times and heights of the semi-diurnal tide being corrected for time, date,
declination and parallax, as shown in the form, as well as for corrections
taken from the diurnal chart run on the machine for the 8 components
MUK, J, Q, P, M,K,, S;, K;, and O only*.

110.  An explanation of the prineiples on which corrections to the
times of high and low-water, found for semi-diurnal tides, are applied
from the chart of the diurnal tide is given in the following note by
Dr. J. de Graaff Hunter, M. A., Sc. D., F. Inst. P.

Although the semi-diurnal tide is compounded of a number of
simple tides of periods slightly differing, yet the semi-diurnal tide of one
day may be represented tolerably well by

A, cos (30° f; A)

where A, varies slowly from day to day, but may be considered constant
for one day.
A is the number of solar hours measured from last maximum of semi-
diurnal tide.
J3 1s a factor, nearly unity, which is the ratio of the average speed of
semi-diurnal tides to 30° p. h.
In a similar way

A, cos (15° f, i +a,)
may be supposed to represent the diurnal tide for the day under consi-
deration,

* Mr, Brookes of the National Physical Laboratory, Teddington, England used
only 8 components viz :—8,, K;, O, J, P, Q, as these gave a less complex curve.



94

dmr. 1.} THE TIDES

The problem is to find how far the maximum of the combined tide
A, cos (30° f; k) + A, cos (15° f; A+a,) is delayed after that of the tide
A, cos (30° £ A).

Now the fundamental idea underlying the principle of the tidal
prediction under consideration, is that A is small compared with A,.

Now the maximum required occurs when :—

A, sin (30°%;, &) 30/, + A, sin (15%/ A +a)) 15/,=0
or, dividing by 15, when :—
21, A, sin (30%£4,4) + A1A, sin (15°/14 + a))=0.

If we consider the above equation the solution sought is a small
value of % since A, is small compared with A, and the maximum occurs
when 2=0 if A, vanishes.

Now as 4 is small the above equation may be written approximately

2f,A; (RRf,4) + /1A, sin a, +11A, cos a; (Rf1A)=0

where R is the radian measure of 15°.

The equation reduces to

R (4/°A,+/*A  cos a)) A+ f1A, sin a; =0
Now R, the radian measure of 15°= 262 approximately, and so
b= — 1A, sin a,
262 (47137 A, + f1%A| cos a,)

Now £, /> are both slightly less than unity in proportion something
like 35, and further /> A, cos a, is small compared with 4 f,?A,, so that
we can write :—

A= A sio al(

putting 4! =l), expressed in hours of time.

A, "262 X 4f
Now A, sin a, is the value of the height of the diurnal tide for

16° £,A=90°, or k=06 hours, measured from the time maximum of the

semi-diurnal tide, and A, is 4 the range of the semi-diurnal tide.
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Correction to the tidal pamphlet,  The Tides.’ (1926).

Chapter I, Page 95, lines 2, 3& 65—

Read PO’ for PN,

Geod. Br. P.0.—20.7.27—300.

111. '1ne apove Imevnoa or aeaucinyg e uime correcuons  Has
been applied in the method of computation, explained in paras 129 to
132, instead of the old method of dividing the differences between
alternate values of the diurnal correction in /Jeights, expressed in
hundredths of a foot, by 5, when the resulting quotient represented
minutes of Zime, as this older method had no theoretical justification.
(Vide G.T.S. Vol. XVI p. 341 Part 1.)

112. It is necessary now to explain how the computations are
carried out in detail.

The method of reduction now employed is, as already stated, to refer
the observed times and heights of low-waters, extending over a consider-
able period, to the apparent times of transits of the moon, preceding the
time of high or low-water. The best transit to which to refer the
observations can be determined from the values of «, deduced from the
harmonic analysis of the two chief tides of the port in question or of
those of an adjacent port. The difference between the values of x of
the mean lunar semi-diurnal tide and that of the mean solar semi-diur-
nal tide, divided by twice the moon’s mean daily synodic motion, will
give the mean value of the retardation of the times of high or low-water
after the moon’s transit.

k for 8, ~x for M,

2438
for the port required we obtain values varying from 21" to 37" for L
waters and 27" to 40" for H waters and on the average about 1} days
for the approximate interval after moon’s transit to which the
predictions have to be referred.

Thus if we take the value of

) NOTE :—The method of prediction for Riverain Ports is thus based on the assump-
tion that the diurnal inequality is small. In the case of Basrah it is at times quite
laPHB: This may account partially for the errors which occur in the predicted times
at t_,hu; port. The period of tidal observations at Basrah however has been too short for
satisfactory results to be obtained, on which a definite opinion can be pronounced.
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In the figure
—A, sin a;=PN,

(1) H water I is delayed by i—lg hours = PN

~ 4 range of semi diurnal tide
. QM QM '
(2) L water ILis advanced by 0’ hours = [range of semi diurnal tide
In both these cases PN and QM are positive, being above the mean
sea level line. If they fall below, it indicates that the corrections are
of opposite sign to the above.

111. The above method of deducing the time corrections has
been applied in the method of computation, explained in paras 129 to
132, instead of the old method of dividing the differences between
alternate values of the diurnal correction in /Zezghts, expressed in
hundredths of a foot, by 5, when the resulting quotient represented
minutes of fime, as this older method had no theoretical justification.

(Vide G.T.S. Vol. XVI p. 341 Part 1.)

112. It is necessary now to explain how the computations are
carried out in detail.

The method of reduction now employed is, as already stated, to refer
the observed times and heights of low-waters, extending over a consider-
able period, to the apparent times of transits of the moon, preceding the
time of high or low-water. The best transit to which to refer the
observations can be determined from the values of «, deduced from the
harmonic analysis of the two chief tides of the port in question or of
those of an adjacent port. The difference between the values of ¥ of
the mean lunar semi-diurnal tide and that of the mean solar semi-diur-
nal tide, divided by twice the moon’s mean daily synodic motion, will
give the mean value of the retardation of the times of high or low-water
after the moon’s transit.

x for S, ~x for M,

24 38
for the port required we obtain values varying from 21" to 37" for L
waters and 27" to 40" for H waters and on the average about 1} days
for the approximate interval after moon’s transit to which the
predictions have to be referred.

Thus if we take the value of

. NOTE:—The method of prediction for Riverain Ports is thus based on the assump-
tion that the diurnal inequality is small. In the case of Basrah it is at times quite
large: This may account partially for the errors which occur in the predicted times
at this port. The period of tidal observations at Basrah however has been too short for
satisfactory results to be obtained, on which a definite opinion can be pronounced.
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113. The following table exhibits the approximate interval after
the moon’s transit to which the predictions for the Indian Riverain
Ports, by this method, are referred.

Interval after moon transit to time of
L. Water H. Water
Basrah 21 27h
Dublat, (SaugorIsland), HoocrhlyR Q9h 35h
Dlamond Harbour 32h 36h
Kidderpore, (Calcutta) 35h 3gn
Chittagong e 38h 38h
Elepha.nt Pomt (Rangoon R ... 35N 408
Ambherst, (Moulmem R) 34" 39h
Moulmein . 37h 40"

114. Having determined the best transit to which the times and
heights are to be referred, as above, it is possible, by comparisons
of previous moon’s transits and times and heights corresponding, to
obtain monthly means of the approximate intervals between moon’s
transits and the times of H & L water, as well as for the values of heights
of H and L water corresponding to moon’s transits, by grouping the
results into 12 groups, 7.c..:—those oceurring between O" 0™ and 1" O™,
or 12" 0" and 13" 0™, into one group; those between 1" 0™ and
2" 0™, or 13" 0™ and 14" O™, into a second group; and similarly for
each of the twelve hours, and then taking out the required means.
These means give the average times and heights of H and L water for
values of the moon’s transit about O" 30m, 1h 30m, 24 30™, ete. If
the means of the moon’s transits do not equal 30m exactly, they are
made to do so, the times and heights dependent on them being corrected
accordingly. Having now the values for each hour of moon’s transit,
viz. at O" 30™, 1% 30™, ete.; the intermediate values of times and heights
are obtained by interpolation for each 10™ of the moon’s transit; z.e..—
five values being inserted between each of the 12 original quantities.

115. Asthe effect of freshets on the tides of Riverain Ports in India
varies considerably from month to month, but the same effects occur
with fair regularity from year to year in the same months, the
observations for a considerable period of years are taken separately
month by month; ie.:—all January results together, etc; and by
grouping the hourly values for each separate month for 0 0™ and
1" 0™, or 12 and 13", etc.; as above, monthly lists of mean values are
obtained.
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116. In order to obtain good values, it was necessary to treat the
observations extending over a considerable period of years in this manner,
as the number of observations in any one month, dependent on a certain
hour of the moon’s transit, was insufficient to give reliable mean values.
It may be here remarked that it is not necessary to find the time of
moon’s transit for the particular place in question, and, in practice, it
has been the rule to refer the times and heights to the transits at
Greenwich, which are given in the Nautical Almanac. In the predic-
tions, the Greenwich transits are again used, whereby a saving of time is
effected both in the reductions, and the actual predictions. '

117.  The monthly mean values of Leights and times, corresponding
Plotting of month- to the apparent times of moon’s tra-nsi't, SO obtaine<.i,
ly mean values on were then brought in terms of mean times of transit
charts. with a view to plotting them on charts. The
values for feight were plotted without alteration. In the case of
the fimes however, the curves were drawn with the monthly mean
values somewhat modified, so as to give the curves an easier gradient
and enable the values to be read with more precision. For this purpose the
monthly mean values relating to the mean times of transit were sub-
tracted from the times of moon’s transit in the case of low-waters and
vice versa in the case of high-waters. With these residual values, after
applying the correction to standard time, when necessary, the plotting
of the curves was carried out. These residuals were taken to represent the
value for the 15th dayv of each particular month, so that no smoothing
was required between the values obtained for the end of one month and
the begining of the next. Two sets of charts were prepared, one
for high-water, comprising 8 separate charts, for heights and times of
high-waters, and another similar 8 charts, for heights and times of low-
waters. Each chart exhibits 4 curves, covering a period of three months,
and one set covers a whole year of heights or times of high or low-waters.
From these monthly charts, entries are made in form 3 Tid. Pred. accor-
ding to dates as explained in para 126 ef scq.

118, The next step in the work is to ascertain the corrections due
Corrections for [0 the lunar parallm'c and the lunar declination.

lunar parallax and The tables, given on pages 337 to 339, and
declination, , ;
rearranged and enlarged, on pages 342 to 852 of

Chapter 8, Part I. G. T. S. Volume 16, ave strictly speaking for the
London Docks, but can be used, for the semi-diurnal tides of any
port, for the corrections for fimes of high-water without alteration.
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For kerghts however, corrections are applied in proportion to the ranges of

the semi-diurnal tides at London and those of the port in question. The
corrections for the times of low-water at the London Docks have not
been determined, but have been assumed the same as for the high-water
and have been so used in the prediction of the times of low-waters for the
Indian Riverain ports. The corrections for the heights of low-waters
will be of opposite sign to those for high-waters. The times of low-water
in the reductions are referred to the same moon’s transit as the
succeeding high-water, as the low-waters precede the high-waters by a
shorter interval than that between the low-water and the prerious
high-water. At Riverain ports, which are at a considerable distance
from a river’s mouth, the high-water succeeds the low-water by a few
hours only, the time being coincident at the place where the tidal
flow ceases.

119. Charts have also been prepared for corrections to time and
Charts for parallnx height for moon’s horizontal parallax and d.eclin?,-
and declination cor- tion, corresponding to tables 1,2 and 5,6 given in
rections. G. T. Survey Vol. 16 pages 312-345 and 850-351.
From these latter charts, which are in apparent time, the corrections
to mean time for each dayin the year can be taken out and entered
as described in the footnote to form A,in para 122. The corrections
from these charts would have been more easily obtainable, had these
charts been made to correspond with mean time. It may be found
simpler in future to construct fresh charts eorresponding to mean time,
or to work in apparent time throughout, either from charts, or by
means of tables, (as explained in para 124).

120. The corrections to fime taken from these charts are the actual
corrections required, but in the case of the corrections
to height, the corrections have to be multiplied by
an appropriate factor before entry.

A note to this effect is given in the heading of each chart. As
the figures for time corrections on the charts are in black, and those
for height are in red, thereis no likelihood of confusion.

Mnltiplying factors
for height corrections.

The appropriate factors by which the height corrections have to be
multiplied are :—
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Game ot pon pesgnfor | Jegrtor
Dublat, (Saugor Island), Hooghly R ... 12 —-1-2
Diamond Harbour 1-4 —1-0
Kidderpore, (Calcutta) 1:2 —0-3
Chittagong ... 1-0 —0-5
Elephant Point, (Rangoon R) 1:6 —1-4
Rangoon I -4 —0'9
Ambherst, (Moulmein R) ... 1-8 -1-8
Moulmein 1-6 — 0%
Basrah 0-3 —-0-2

121. Tt is now necessary to draw up certain lists to facilitate the
entries in the computation form 3 Tid Pred. The
form A, is first prepared, as per the sample given
below, with data from the Nautical Almanac, month by month through-
out the year for prediction, and starting at least 2 days before the
year commences, as the prédictions are referred to transits 1} or more

Form A,

days previous.

Form A, is used for reference in the subsequent computations for
all the Riverain ports.

To simplify the work, the declinations are calculated for the near-
est hour of moon’s transit, and the values entered to the nearest tenth
of a degree. Also the values of horizontal parallax for noon or midnight
from the Nautical Almanac are entered, if the time of transit is within 3
hours of noon or midnight, as the case may be. The means of consecu-
tive values for noon or midnight are entered, if the time of transit lies
between 3 and 9 hours of noon or midnight, the values being kept to the
nearest second. The values of declination and parallax are computed
for alternate times of moon’s transit only.

* The factor for Moulmein —0-21is correct, as now given. The mistake in the
value - 1-2 given in G.T. Volume X VI p. 340 part I, was pointed out by Mr, Brookes of
the National Physical laboratory. .
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Form A,, 1925.

5 6
Moon’s
4 Moon’s .
1 2 3 Moon's transit deelination ho:;icl’ﬁ t:'l
Year. Month, Date. in mean time corresponding P :
corresponding
from N.A, to column 4 t 1
from N.A. ¢ column 4
from N.A,
h. m. ° m. 8,
1924 Deec. 30 3 50 -11'8 68 - 57
” " *6 I7 ..
” v .. 31 4 42 - 75 57 —59
" " 17 0o
" ” *l\,l‘ 5 26 cer .
1925 Jany. 1 5 30 - 30 67-03
" ” 17 53 .
" " 2 6 16 + 1-6 66—-13
" . . 18 38 .
, " 3 7 00 + 6:0 556-29
" " 19 23
» " 4 T 45 +10:0 54-355
11 ') e 20 07 e ..--
1" " 5 8 29 +13:5 £4—-29
" " 20 52
" » 6 9 156 +16-4 64 —-08
” . 21 28
" " 7 10 01 +18:5 54--00
» " 3 25
" " 8 10 49 +19.8 53 -58
" " s cee 23 1-} Cee XX
” vs 9 11 37 +20-1 64-—-01
. . 10 0 ol .
" " tAT 12 17
" ” 12 25 +19°'6 64-10
" " 11 0 49
. " 13 13 +18:0 64 - 23
etc., to the end of the year.

122.  From form A, it is then necessary to enter the corresponding
corrections for declination and parallax from the
charts prepared for this purpose (vide para 119),
in the form A,, of which a sample is given below. The entries are
made as shown in the columns for time and height corrections.

Form 4,

* The 24 honr systom has been adopted expressing these times, instead of the
12 hour system, a. m. or p. m.

t Apperent time of moon's transit is entered in this column every 10th day
commencing with Ist Januaery.
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Form A,, 1925.

Corrections to time Corrections to heigh]
a (4)
(1) 2) (3) E. (5) |4
Year | Month *3 for for Errors in correc- OfSlzr]n) for EEQ S(‘Z)
A |moon’sjmoon’s| tions (1) & (2), (")Q:F’ moon’s| g 2= of(5m&
dec- |horztl|due to areuments be- “f(‘n_" dec- B,Sg p f)
lin- | paral- |ing in mean instead time lina- |« & Qt(l) g;
ation | lax | of apparent time tion |S< |€€
1924 (December| 30 [+1°0 |+4 4 +°3 +5:7 ||+-10 | +-47 |+ 57
" . 31 |+2:2 [+2 3 2 +47 |+-22 |+ -24 |+ 46
| |
Corres- |
ponding (425 [+0°1 +2:6*
to A. 'l : L
1925 | January | 1 [+2 44|+0-1¢ +0-1 +26 [|+-28 |+:01 j+-29
. X 2 [+1.0 [-0-7 0-1 +04 [|+-32 |=-20 |+ 12
" . 3 |-1:4|+26 0-1 +1:3 ||+-26 |~-35 [—-09
. " 4 |-15|+57 0-2 +4°4 || +16 |- 45 [—-29
. . 5 |-06]+7-1 0-2 +67 || ++05 |—-52 |—-47
" . 6 |+07 |+7-0 02 +7°9 =06 |- 58 |~ 64
) 19 ’
" " 7 +1 4 +5 4 0'3 + 1 d 15 - 63 bd 78
. . 8 [+1:4 |+36 0-3 +5'3 ||~-23 |- -64 |- -87
" ,, 9 |+0-8 [+1-7 04 +29 [[--24 |—-63 |- .87
" " 10 [+0 2t +0-2¢ +0°4 +0:8 |[—-21|--62|--83
7 " 1)
ete., to] the end of the year.
Corres-
ponding +0:3 [+0:5 +0-8*
‘_E_A. . i
1925 {11,—o~.{‘—1-3| $ 404 l-n-al_-m — 57 |- 70

*Colume (3). E is a correction which is necessary, as the argnment adopted in read-
ng the charts is mean insiead of apparent time. It is obtained by entering the values
:orresponding to the apparent time, given in form A,, for every 10th day. By comparing
hese with the mean time corrections, it is possible to grade the differences, and enter
olumn E:—for instance, taking the sum of +2-4 +0'1 marked ¥ above, we obtain
+2-5, which compared with +2'6 marked *, gives the entry in Column E ag +0-1 for
‘anuary Ist. Similarly, at the end of 10 days, by comparing sum of quantities +0-2,
+0:2 marked ¥, we ohtain +0.4, Which compared with +0'8, marked®, gives the
ntry in Column E for 10th January as +0-4. The differences are then graded back
moothly between +0:4 and +0-1, as shown in Column B,



102

THE TIDES

CHaAP. 1.]

* ‘1e3£ 9y} Jo pus ayj 03 030
cos L0 - o¢ ' o “
6¢ — ¥+ ¢F — L L 4 “ “
“ee MN - m..ﬁ m 3 L3
60- — T+ 00 — 2 e “ .
.. 8e — 8T el * «
N.H..T O @.H —_— @ N a“ a“
s see mm. — N.H .H " «
63- + g+ og — ¢ 1 Lrenuep ez61
cae . @O -1 (13 “«

9% + g+ AR e * "
ase sen N;M — wH 1] " 13
18-+ 9+ 0¢ — ¢ og 12quad3 (] Fe6l

1991 'S1W 'sqm — *sIq
19319 H emly, 11SUBI] S W00 (11am) .
10 218q qIuofy Ie X
2D] SUOI}H3LI0D omwr] Ty
(9) (2) ® (2) (@ (1)

*s3a0d ulRIGATY [[® I0] POSI[1yn 8q UED d[qe} SIY[,

"cg61 v wdoq

-A[uo 9jnuIW }SIIL3U BYF 0} PAIIIUI AIE SUOIJIILI0D dWTY A,

by wio} Jo £ B} F suwn[oo moxy A[9Aa1302dsa1 3qS10Y PUE SWI} I0F SUOIGIALI0d AY} JO SWINS dIT 7P ¢ SUWN[O])
‘ly w0y woay 39911p pardod are £ 03 [ sumno)

Sy wmioj

Ty wmiog

o 3no apewr st Sy 3 'y Swi0f Jo QUINSAI & ‘paig PIf, ¢ WI0} Ul SALYUI Y} Suryew Ul 8dUIAUIAUOD 10 “GT[




103

AND COMPUTATION

THEORY

Omar. 1.]

83LIUI 9)BUIS MM ‘AUD L1249 10] SUOI}IALIOD Y} JULIBIUS JO INOQY] 9YJ SIA®S

“Jaoogns Julaq

qorga ‘pajeiodisjur jng juo paRiom L[[enjow 300 8I¥ ,PONIEW SAU[EA oYL,

0} §% 08 3PBUW 3 0} 9AVY 184 snoladxd J

0%0/,64- — e
89— 03-— |8-— | B+ | 9— | z+ | o+
]G — a 0 "
veem | @ |soe— 98— | e— | - | 1+ | s+
B
+8T-— .m 99— .
¥0-+ o %0+ | 80— 8— L= - 0—
3
%
(]
&
(=7
I
AT 30 1q5e £19TE, 99198, | 9 9198L | 1ok 1o | €219%L |2 2195 | T 21aTL
03 w110} .Hﬂﬁ.ﬂw L-9:¢ | "wIz0{) | 'WIT0] | "WIIOD | iy oq | “ULION) | “WIIOD | “TLLIOY
‘IAX .WMP ove ~d mw.wwdp "wi0))
M.o 9 .:mwm> uS.Muﬁwu% MWEM wng wmw.ﬁw.dﬁu
UL J0 wng _ ssjnuiy
1qS1eY 03 SWOI}03II0D W[} 0} SUOIFOILIOY

|
h

098 | 982
0t-9¢ 902
28 eeql

i
1

e 18
¢€ 0¢

9 6l
66

- ©eo
..
[

=7

~o
LX)
[

‘fsnorasad sfvp %1 1N0QT 9315URI) 0} 8aP1} 3YJ I3JAT

"ot {0

318UBI} Jo | J15UBI} JO
JUIL} JUSIT | JUI) UBAUL
-dd= 3e xeqy| 3T woour

-gxud "[I0H| jo ‘upI_q

JISUHAY
€,goout jo
auty gddy

‘omy
jo uby

0 84A¥p 28979 10} 63130y

9-18 13
-G [ ¢ *Kuwp
$-68 0%
¥l 8 g “fusp
9:-6F 61
G-€2 L | " SI6I 1 “Ausp
3161 1€ 00
3161 0¢ *99Q
ar q
‘Y°N "HOij
Jap.o Ul
9UI;j TweIW MS—.
ul uoowm ¥8d

JO sISTRLY,

oy} 91erAqo prnom

puodsariod 03 PojONIISUOAI oie S}IeYd syl I[
S}EBUYD 9Y) WOIy Jey) Weq) Snolquind SsI] SI SuryIom ay) pue ‘surry jueredde ur aiw sojqe} asaqy,

—: UMOys se Ppolojua 9] pP[nosm urroy a3y [,

‘quesaad ge se by 3 Sy 'y suroy yo uonperedosd

asn sjI pue ‘o[qejns 9q P[NOM MO[3q WI0] oY) Jo AIjus Jo PoYeW Y} ‘Ourl] UBIW [IM

"gurl) quaredde jo pesjsur ‘urowr wo paseq 1T YIIYM ‘9sn UL MOU
“bas 29 pe d

‘IAX ownop AoArng ‘[, *H Ul WIALS ‘) 0} [ SA[qe], w01y opeur Surdq salrus agy “goanrp awry gquaredde ur jno
‘w18 a19y sI pue[Suyg ‘uo)suIppa], ‘Alojeroqe [eorsfqg [euoOnEN ¢} JO Sayoorq I

polLIBd SI Surgfiom ayfJ,

Aq pegdope jeqy o xe[rwis sUOI}IRII0d UONILUIIIP Pue xe[[ered oy} Sulrajue Jo POy OU IANEUIN[E TY “H3



104

Crar. 1.] THE TIDES

125. Method of entering form 3 Tid Pred.

The prediction of high and low-waters are both
carried out on this form, high being treated
separately and low separately.

In cols. 1 & 2 of the form arc entered the civil dates and mean time
of moon’s transit at Greenwich from form A,.

126. From the monthly time curve, prepared as described in para
117, are entered the values in col. 3 of the form. Also, the date of the
tide being calculated by adding the approximate time interval in hours,
(vide para 113), to the time of moon’s transit in col. 2, the entry is made
in col. 9. Again, from the monthly height curve, the values are entered
in col, 10 of the form.

127. In reading the monthly time and height charts, the values
corresponding to each date are interpolated between the two conse-
cutive monthly curves described in para 117, which give the values for
the 15th days of these months. The interpolations are made by taking
proportional parts as follows :—

Form 3 Tid Pred.

Date of month Proportional parts

15 —
18 0-1
21 0-2
24 0-3
27 0-4
30 05
3 0:6

0-7
9 0-8
12 09
15 1-0

The values read from the time charts are added to the time of moon’s
transit in the case of high-waters, and subtracted therefrom in the case
of low-waters, in order to obtain the approximate predicted times of high
and low-waters. In order to minimise the work, it has been decided
to read values for time-and height corresponding to alternate times of
trapsit only, and to interpolate for the intermediate values by taking
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the mean. In the case of heights, no further corrections are made to
the interpolated mean values, but in the case of times, the mean of
alternate quantities is not sufficiently correet, and a correction for the
2nd. differences of monthly mean values is accordingly applied and entered
in col. 6, from charts prepared for these second differences, (4,). The
charts for 2nd. differences are prepared by taking the monthly values
corresponding to hours of moon’s transit modified for 49 minutes, the
mean interval between alternate times of transit, (—1 (42)* A,). The
correction factors for the actual intervals between alternate values have
been calculated for 42 to 64 minutes, and are shown on these charts.
The values measured from the charts are multiplied by the factors, and
entered 1n column 6.

128. The declination and parallax corrections, worked out on form
A, are now entered in cols. 4 & 11 of form 3 Tid Pred., those for height
being multiplied by the factor for the port before entry. :

These can also be worked out by the alternative method given in
para 124.

The summation of cols. 2, 3 and 4, gives the entry to be made in col.
5, giving the approximate mean time of the tide, to which cols. 6 and 7
are afterwards added, in order to get the predicted time in col. 8.

129. A celluloid scale, specially prepaved for the pnrpose on the 24

Reading the Dinr. hours system on the scale of. either 3 or 4 mches to

nal Chart. 1 foot, is then taken for reading the Diurnal Chart.

Fach of these celluloid scales consists of a

horizontal and a vertical scale joined at right angles at the centre, or
mean sea level.

The horizontal scale is prepared on the 24 hours system, and each
length of 3 inches on it represents a full day. It is sabdivided to show
single hours.

The vertical scale, which is at right angles to the horizontal scale
described above, actually has 2 scales on it. The one on the left gives the
height correction to be entered in col. 12. The other scale, ou the right,
18 in a position to read 6 hours to the right of the left-hand scale, and
therefore, without moving the scale, enables the curve to be read at
a different point from that at which the heights were read, and approxi-
mately 6 hours away from the time of maximum of the semi-diurnal
tide, as required by the theory already explained in para 110.

180. The horizontal scale is set in position to correspond with the
arguments of approximate mean time and date given in cols. 5

and 9 of the form respectively. In setting the scale for reading, as
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above, it is best to place the horizontal scale to correspond with the
mean sea level line first, and afterwards to shift it to the approximate
time at which the reading has to be taken. The corrections for height
and time are then read.

The height correction is entered directly in col. 12, being positive,
if measured above mean sea level, and negative, if below.

The time correction, as already explained, is read without moving
the scale at a point nearly 6 hours later on the curve, and allowance has
been made for this in the width of the scale. The reading has to be
divided by half the semi-diurnal range of the port, and the result is
then entered as the time correction in col. 7.

Both height and time corrections are read from the Diurnal Chart
so as to correspond to alternate approximate times of tide in col. 5,
and the intermediate values are interpolated between them.

131. Half the semi-diurnal range, the divisor required, is now
obtained practically, by taking half the difference in height between the
high and low-waters entered in col. 10.

132.  The time corrections, when entered in col. 7, are allotted
correct signs in accordance with the following rules:—

Time corrections, if measured above mean sea level, are positive for
high-water and negative for low-water.

Time corrections, if measured below mean sea level, are negative
for high-water and positive for low-water.

This follows from the theory already explained in para 110.

133. The columns of the form, now having all been entered, the
summation of cols. 10, 11 and 12 gives the entry to be made in col. 13.

This completes the computation on form 8 Tid Pred., of which a
sample showing the entries made in the various columns is given overleaf.

The predictions for time and height are now copied from cols. 8, 9
and 13 of 3 Tid Pred. into one of the forms 5,6,7 or 8 Tid Pred., accord-

ing to the port in question, and, when completed, the predictions are
ready for the press.

* Formerly the valne A, the difference in height between dutum of sounding and
mean sea level. was taken. and the difference between this and the height read from
the monthly carve accepted ns the divisor required,
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The port of Bassein, though actually a Riverain port, is not treated
as such for purposes of prediction.
by means of the tidal curve run on the machine, in the same manner as
for an open sea port, the following corrections being applied to the
times of high and low-water.

Predictions for Bassein are made

Correc- Correc- -
tiloif:}fo Correction tﬁ?ghto Correction
Date. 2" | to low-water Date. 2" | to low-water
water | . . water . .
| in minutes. ‘n In minutes.
minutes. minutes.
Jan. 1 +18 -1 July 3 - + 7
3 +19 ) 10 - 6 +10
10 + 22 + 2 17 - 8 +12
17 +23 + & 24 -10 +13
21 -+23 + 0 31 —12 412
31 + 23 + 7
Aug. 7 — 14 +11
Feb. 7 +22 + 8 4 —-16 +10
14 +22 + 8 o 21 —17 + 8
21 421 + 9 28 —-19 + 7
28 +20 + 9
Sep. - 20 + 5
Mer. 6 + 19 + 9 11 —21 + 3
13 +18 + 8 18 -22 + 2
20 + 16 + 6 25 —23 + 1
27 +15 4+ 3 ! '
! Oet. 2| —2R3 — 1
Apr. 3 + 1L 0 } 9 — 24 — 3
10 +12 -3 16 —23 -6
17 +11 -5 23 - 21 - 8
24 + 9 - 17 30 - 19 —11
May 1 + 8 - 8 Nov. 6 —16 —14
8 + 7 -9 13 —-13 —15
15 + 6 - 10 20 - 9 —16
22 4+ 0 -10 27 — b —15
R | + & -9
Dec. 4 0 -13
June 5 + 2 — 7 11 + 5 -10
121 + 1 — 4 18| +10 -1
19| — 1 — 1 25 | +14 - 4
26| — 2 + 3 32 +18 -1
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For Bassein the following data are used.

Component K H (Fg+u)
M, 48-3 2:291 As for
M, _ 3257 0-241 Diamond
M, 237-0 0-097 Island
S, 1356 0-066 "
S, 909 0754 ,,

n 1523 1864 ”
27 3223 0570 y
O 392 0.186 ’
K, 476 0374
K, 1076 0-168 )
P 506 0-127 .
N 449 0-359 y
L 526 0-163 ,
v 15 0-138 ”
T set at zero ’»
p 178.1 0266 .
J 2892 0-015 Y
Q 485 0-011 ,
MS 10-5 0:178 y
2SM 300 4 0-077 .
2N 337-1 0:116 ,
M,N 315-8 0-079 .
M,K, 301 -4 0:095 1
MK, 2585 0:073 y
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TasLs I.—For converting Decimals of a Degree into Minutes and
Seconds. ~

] 2
d @ v .

- 8| 8 Parts Minutes Parts Miputes Parts Minutes

mg" E of a snd of a and of a and
EQ = Degree Seconds Degree Seconds Degree | Seconds
! 6 *00l o 36 ‘034 2 24 oby 4 12
2 o 72 35 2 60 68 4 48
3|12 3 o 10'8 36 2 96 69 4 B84
4 o 14y 37 2 132 070 y 1270
3|18 3 o 180 38 2 168 71 4 156
6 o 21'6 39 2 204 72 4 19°2
4| 24 7 °o 2352 040 2 124°0 73 4 228
8 o 288 41 2 276 74 4 2674
5| 30 9 ° 324 42 2 312 75 4 30°0
‘olo o 360 43 2 348 76 | 4 336
6| 36 1 o 39-6 44 2 38 4 77 4 37°2
13 o 43-12 45 2 420 7 4 408
7! 42 13 o 46-8 46 2 456 79 4 444
1y o 50'4 47 2 492 ofo 4 480
8| 48 '3 ©o 540 48 2 518 81 4 516
16 o 576 49 3 56y 8: | 4 3552
"9 | 54 17 a2 050 3 oo 83 4 588
18 1 48 51 3 30 84 5 274
—_— 19 1 84 51 3 72 3 3 6-0
o010 1 120 53 3 108 86 5 90
21 1 156 54 3 14'4 87 5§ 132
21 1 1912 55 3 180 88 5 108
23 1 22-8 56 3 2176 8¢ 5 204
24 t 264 57 3 252 09o 5 240
13 1 300 s 3 28'8 91 5 276
26 1 336 59 3 314 92 5 3102
1y 13702 obo 3 360 93 | 5 348
18 1 408 61 3 39°6 | o4 5 3874
29 U444 63 3 432 93 5 4270
‘030 1 480 63 3 46°8 96 5 45'6
3 15146 64 3 504 97 | 5 49°2
32 1 552 5 3 540 98 | 5 528
33 1 588 66 3 570 99 5 5064

Example.—Required the value of 0°-875 in minutes and seconds

From Part 1 . 8 =48

7] 2 . '075= 4’ 30”

‘875 =52" 30”
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Tasre 1I.—For converting Minutes and Seconds into Decimals of
a Degree.

| ST w | oow | <38 ..s
e S Bl wkg 5= 0 i o~ =t o “h S ! g_ 8
¢ |38 |\BaR 352 | FEE | g | 3¢ | G%g | GER | qEb
b1 | "‘ED nHS 2°%a >'5‘® I ) a9 ] "g 2O >-°0
g ao LZR= b9 —_0a ; ] H "U,go R -8R
B B8 (883 BBE | w8 g | By | Tdg | BBE | 325
g gol | &8 s g ] i 929 kg 1 B
2 1 8« |9A%) 880 | Bvs , A | 83 8R% | B . EBuw
A & RA & <°° ! e 1w A~ S | <
i |
’ i
o ‘0 oo s * 0000 3 ) 1-8 10505
&) .
SRS e | s 0| i | n |
R R R - 1 I O R -
24 ‘3 1(2)-6 *003 .227'2 21 3 lé. *084 :0535
30 5 16.2 ‘004 -003' 2 i ! g *055 _0545
4 5| 162 <008 0045 33 5 19° -0t r0888
o o 23.4 -cob ggﬁg 39 : 23°4 pe 0565
b I e B B e I o | oS et
s . *30°6 *008 0082 | 5 3 . -089 ' 5
4 9 .6 000 0083 57 ‘9 342 ~ot0 10595
3;-8 ‘ol0 10095 37 .ob1 -°6°5
3[_ -ort .°'°5 4174 062 _06‘5
45'3 ‘012 .ous 45.2 +a63 '0625
86 1013 oxss . s 1064 o8
5243 o4 orgs i5.8 085 - iotes
3.8 -o15 Lonas 55 +066 ~o66
. ‘016 O155 59°4 06635
594 0168 067 6
. . +0675
o1y b . 28 068 et
1 ‘0 3e ‘018 ‘o173 16 2 1043 '039 -ogoi
7 I 6 . ‘018 . .8 *0jo 070
13 '3 10°2 °19 -orqg ’g -3 :; ro71 *o71§
19 3 13-8 J020 ‘020§ : A .4 c072 *07325
a3 . - Jo21 -021 54 i a6 ‘073 <0738
3r g zx-g "021 -ozzg 1?,’ g :3, ‘074 *0745%
3 6 | 146 1023 -0338 2 .8 318 r07§ *07585
43 )] 28-2 '024 *0245§ 8 ‘9 354 1046 <0765
49 8 | 318 1025 +035% 39'0 o7y 0775
55 ‘9 35°4 _22? +026% 426 048 -2785
2o | o8| ok 46 e +obos
46-2 :gzg 0203 134 081 0813
ORI T
70 "032 “0228 -083
033 lf © 3:2 oy ggii
2 © | o6 ‘034 *0333 1y ‘2 7.8 ;085 +0B5§
18 1 4-; ‘03 0345 23 3 114 287 »0863
o3 . . . . * .
o | a g |00 | REN 2| 4 h | o8t Lobs
26 -3 15°0 1037 -0373 3‘; g 22+ <08y -gB g
32 s | 186 038 *0383 . -7 25-8 -090 0508
38 0 2242 1039 -0392 ‘:7 .8 29- ‘091 .09,
44 7 25+8 ‘040 -0403 3 . 2: +092 .0922
g0 .8 2;;.4 *041 _0413 59 9 :':6-6 -003 '033:5
56 ‘9 | ave 1042 s042% 102 *004 <0045
:1()'6 *043 .041} 8 ‘0905 .0955
.40' 2 1044 '04:1\4 4:; 4 *096 .0965
438 1043 0455 :,.o 097 '0975
414 :ng 0408 54:6 098 098
P 048 Jo4rs 58:2 "o *0995
Eg-a +049 g-:'gs 1 -8 * 1005
3 o | 18 ros0 +0505
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TaBLE Ill.—Values of » the Mean Longitude of the Moon’s
Perigee, (the 7 of the computation forms), for every year from 1850 to
1949. |

Year porrm Year porrw | Year porm Year porm
|
o i o [ ] o

1850 099°7293 © 18738 369609 1900 33471913 1025 271-4236
gt 140°3918 | 76 777348 ! 1 14°8540 26 312+0860
53 1811657 | 77 118°3973 ' 2 555166 27 358+ 7484
53 221°8283 : 78 159°0598 3 961793 28 336223
54 262- 4908 .19 1997223 4 13649533 19 74+1348
1853 303°1534 i 1880 240° 4962 190§ 1776160 1930 114:8473
56 343'9273 81 281- 158y ’ 6 218+2%786 31 1656+5098
<y 245899 X 82 321°8212 7 258-9413 32 196+ 2837
s8 65°2524 . 83 2+4837 8 209+7153 33 236-9463
S9 1059149 84 432576 9 3403779 34 277-6087
1860 146-0889 1883 83-9200 ' 1910 21°0406 1935 318-2713
61 187°3514 ' 86 124°5823 ! 11 61-7032 36 359+0450
62 218-0139 i 8y 1632450 i 12 102'4772 3y 39:7074
63 2686765 89 206-0189 ; 13 1431309 38. 803698
64 300° 4504 89 246-6814 ! 14 183+80238 39 1210331
1863 350°1129 1890 287-3439 ' 191§ 2244651 1940 1618069
66 30°7755 g1 3280063 i 16 265°2392 41 2034682
67 714380 i 93 87802 ( 17 305+go18 42 243-1306
68 112°2119 ; 93 49°4427 1 18 346-5644 43 2837929
69 1528744 ‘ 04 go- 1051 | 19 27+212%0 44 824:5667
1870 103°5309 1895 130°76%6 | 1920 63-0010 1945 5+3990
7 234°1994 96 1718418 ! 21 1086637 46 45-8914
72 274°9734 97 2132°2039Q i 21 149°3263 47 866637
73 315-6359 93 2528664 23 1899389 48 1273374
74 356-2934 99 393-5289 | 24 230-7611 49 167-9898

1. These values are for January O (i.e,, noon December 31st of preceding year),
except in the case of leap-years, when the values are for O hour January 1st.

2. The values given in the above table require 0° 136 to be added to give the true
values of p or , (see page 36, Preface to Hansen’s Tables), but us the form for the
compnutation of tidal observations has been constructed, showing the constant 0°-136 to
be added, it has been thonght advisable not to make this correction in above table,

3 'The values from 1924 onwards depend on the new formula given in para 87.

These new values are shown in italics in the above table. The values for Jan, 1
computed by the new formula were found in defect of those published in the old
edition of the tablie after addition of 0°: 136 und one day’s motion at 0°- 111404 to convert
the latter to Jan. 1 instead of Janm. O, by 0°-00159 in 1923, 0°-00324 in 1936,
and 0*- (0608 in 1949.

The tabular values for Jan. 0 from 1924 onwards were accordingly corrected by
interpolation from the above. and still require the constant 0°:136 added.

The vulues may slso be obtained from the N, Almanac, which is usualiy available
in time for any particular year's computations,

TasLe IV.—Number of Days from January O.

;

Month. C"yt;‘;;‘.o“ i Leap-year! Month, C°y“e‘.“1‘.fm Leap-year
January o o ° ‘ —t | July o 181 181
February o 3t 30 l August ° ara 312
March ° 20 %9 | September o 243 243
April o 90 90 || October ° 273 273
May o 120 | 1170 | November o 304 304
Jane ° 151 l 181 l December o 334 34
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TaBLE V.—Value of Movement of » or 7 for 1 to 366 Days,
at 0°-1114040803 1 per mean solar day.

o a [ w o @
> ] e ) ’ » ™ l ] r 2 ™ > "
2 Q = o b= =
o -] (] -] ‘ (- -]
1| or11140 62 | 6-goy03 123 | 13°702%0 184 | 20°49835 245 | 2%°+29400 306 | 34-08g6s
2| o©-32281 63 | 701840 124 | 1381411 185 | 2060975 | 246 { 2440540 307 | 3420108
3| o-33421 64 | %-12086 125 | 13 92551 | 186 [ 20+%2116 247 | 27°51081 || 308 | 3431246
4| o0-44562 65 | 424127 126 | 14°03691 [ 187 ( 20-B3256 248 | 2762821 300 | 34°42386
5| o-s5702 66 | 7:35207 || 127 | 14-14832 | 188 | 20°94397 || 249 | 27-73962 |[| 310 | 34-53526
6| o 66842 || 67 | 746407 128 | 14-259%2 189 | 21+0553Y 250 | 29-85102 || 311 | 3464664
71 o+47983 68 [ 7°57548 129 | 14-37113 19u | 2116658 251 | 27-96242 312 | 34°%5toy
8| o-8g123 69 7-68688 130 | 14°48253 191 | 21-2%818 252 | 28-07383 313 | 34°86948
9| 100264 70 | 7+79829 || 131 | 14°59393 |[ 192 | 21-38958 || 253 | 28-18523 (| 314 | 34-98cEB
Tof 1-11404 71 | 7:90969 || 132 | 14-70534 |/ 193 | 21-S0099 || 254 | 28-20664 | 315 | 35-c9229
11| 122844 #2 | 802109 135 | 14-81674 || 104 | 21-61239 | 255 | 28:40804 116 | 35+20369
12| 1-33085 73 | 8-13250 (| 134 | 14-92815 |l 1g5 | 21-72380 | 2506 | 28:51944 ([ 317 | 35°31500
13, 1°44825% ¥4 | 8-24390 135 ! 15°0395§ 196 | 21835820 257 | 28-63085 318 | 35-42650
14| 1°559006 75 | 8-33531 ([ 136 | 15-15005 || 197 | 21+94060 | 258 | 28-74225 || 319 | 35°5379Q
15| 1-671c6 76 | 8-40671 137 | 15°26236 198 | 22-058o1 259 | 28-85360 320 | 35:64931
16 1-%824% 77| 8-57811 138 | 15°37376 199 | 22:16g941 26¢ | 28-96c06 321 | 35476071
17| 1+Bg38y 48 8-68952 139 | 15-4851% 200 | 2228082 261 | 29°0%646 322 | 35-B7211
18] 2-°0052% %9 | B8-Boog2 140 | 1559657 201 | 22°39222 202 | 29+1%787 323 | 35'98352
19| 211668 80 | B-.91233 141 | 15-50798 202 | 22°50362 103 | 2929927 324 | 36°09492
20| 2°+23808 81 9°02375 142 | 15-81938 203 | 22+61503 264 | 29-41008 325 | 36-20033
31 2-33949 82 | 913513 143 | 15-930%8 204 | 2272643 265 | 2952208 326 | 36-31773
22( 2°45089 83 | 09-24654 144 [ 1604219 205 | 22-83784 206 | 29°03349 327 | 36-42913
23| a2-30229 84 | 9-35704 || 145 | 16:15359 | 200 [ 22794924 || 267 | 39-74:8¢ || 328 | 36:84054
24| 2-67370 85 | 9°4693s 146 | 16:265¢c0 207 | 23-06004 268 | 29-85629 3 9 | 36-65164
25| 3-78510 86 | gesoys || 147 | 16437640 | 2cB | 23°17205 || 269 | 29-gb770 | 330 | 3676335
26| 2-89651 87 9+69215 148 | 1648780 209 | 23-28345 290 | 3oro%g10 331 | 36-B7475
27| 3'00791 88 | ¢-B03s6 | 149 | 16-50921 [i 210 [ 23-39486 [l 271 | 30-19051 |} 333 | 36-gR61s
28| 3-11931 89 9°91496 150 [ 16-41061 211 | 23°+50020 242 | 3030191 333 | 3%7°09%56
29 3-23072 go | 10702634 151 | 16-82202 212 | 23:61766 273 | 30°41331 33: | 37-.0896
30( 3°34212 91 | 10713777 152 | 16-93342 | 213 | 23:72997 274 | 30°52472 || 335 | 37°32037
31| 3445383 92 | 10°24018 || 153 | 1704482 || 214 | 23:84047 | 275 | 30°63612 || 336 | 37°43177
31| 3:56403 93 | 10236088 || 154 | 17-15623 || 315 | 23°951%8 | 296 [ 3074753 || 337 | 37°54317
33| 367633 94 | 10°47108 || 155 | 1720963 || 216 | 24-00328 )t 247 | 30°85893 || 338 | 3%-65458
34| 378734 95 | 10058339 || 156 | 17-37904 {[ 217 | 2417409 | 278 | 30:97033 || 339 | 3776508
35| 3'Bggig 96 | 10°09479 || 157 | 17-49044 || 218 | 24-28609 |[ 279 | 31-08174 || 340 | 37°87730
36| 4-orosg 97 | 10°Bo620 || 158 | 1760184 || 219 | 24:39749 || 280 | 31-19314 || 341 | 37-98879
311 4-12195 08 | 10%91760 |l 159 | 1771325 || 220 | 24-508g0 || 281 | 31-30455 || 342 | 38-10020
38 423336 99 | 1102900 160 | 17:82465 221 | 24-62030 282 | 31-41505% 343 | 38-21160
39| 4:34476 100 | 11°14041 161 | 1%7-93606 222 | 2473171 283 | 3152735 344 | 38°32300
401 4°45016 101 | 11*2518) 162 | 18-04746 223 | 24-84311 284 | 31-63876 345 | 38-43441
41| 4-5673% 102 | 11°36322 163 | 18-15887 224 | 2405451 285 | 3145016 346 | 38-54581
42| 4°6789% 103 | 1147462 164 | 18-27027 225  25-00593 286 | 3180157 347 | 38+65722
43| 4'79038 104 | 11458602 165 | 18-38167 226 | 25-197°32 287 | 319529% 348 | 38-76863
44| 4°901)8 105 | 1169743 166 | 18-49308 227 | 2528873 28 | 32+ 08438 349 | 3888003
45| S-o1318 106 | 11-Bol83 167 | 18-60448 228 | 25-40013 289 | 32-19578 350 | 38:99143
46| s5-12459 || 1oy | 1192024 || 168 | 18-7188g || 229 | 25°51153 || 200 { 32-30718 || 351 | 39°10283
47| $§-23599 108 | 12:03164 169 | 1K-B2y29 230 | 258-62204 291 | 32°41859 352 | 39+21424
481 3534740 109 | 12°14304 170 | 18:93h0g 231 | 25°73434 202 | 32'52099 353 | 39-33564
49| 5°45880 || 1ro | 1225445 || 191 | 19:0%010 {; 232 | 25-B4875 [ 203 | 32-64140 || 354 | 39-43704
50| §'§7020 111 | 12+36585 172 | 19-16180 233 | 258798718 294 | 32-75280 355 | 39°54845
SUL 568161 | 11a | 13-47926 || 153 | 19727291 || 234 | 26:06855 | 295 | 32:B6420 || 356 | 39-650Rs
$3) S-79301 | 113 | 13-58866 || 194 | 19-3Ba3r |{ 235 | 26-170¢6 |l 206 | 32-97561 | 357 | ag+77126
$3| 5-go443 114 | 13+ %000% 178 | 197495871 236 | 26-29136 295 | 33-o8%01 358 | 39-88166
54| 6-01582 g | 12:Brigy 176 | 19-60712 237 | 26-40277 208 | 33:10842 359 | 39°99406
§$| 6+12722 116 | 12°9228y 177 | 19+71853 238 | 36-51417 I 299 | 33-30982 360 | 40°1054%
$6( 6-23863 ) 1y | 13703428 || 198 | 19-Baggs || 239 | 26:62558 |i 300 | 33-42133 || 361 | 40-2168y
87| 6-35003 |l 118 | 13-14568 |[ 179 | 19-04133 [ 340 | 26-73608 | 301 | 33-53263 || 362 | 40-32828
581 646144 [l 119 | 13-2¢%09 || 180 | 20-052%3 | 341 | 26:84838 | 302 [ 33-64:03 || 363 | 40°43968
59| 657284 | ra0 | 13-36849 || 1B1 | 20-16414 [} 343 | 26:08979 | 303 | 33-75544 || 364 | 40-§5109
g° 6-68424 || 1ar | 13047989 || 182 | 20°27554 | 343 | 27-07119 [ 304 | 33-86684 || 365 | 40-62489
1) 6-79865 || 122 | 13-59130 || 183 | 20-3869s || 244 | 27°18360 | 305 | ,3-97B24 (| 366 | 40-7%3B9
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Cmar. 1.] THE 'I'IDES

TasLe VI.—Value of the Movement of p or 7 for differences of
Longitude Greenwich.

|
Actual values | ' Actual values
Difterence of 7 corre- X Difference o of = corre-
of Valueof sponding to . o Value of = | sponding to
Longitude Degrees in Longitude l egrees in
Columnl | i Column I
1 '
| .
° ° : ° ° ° °
0°000 ' *0000 88-865 . +0245
‘000 | +028
1616 ! 0008 92°007 0283
001 : 029
4347 *0015 95°328 *0295
002 030
8:079 10023 98560 <0308
*003 031
11°310 <0035 10145701 *0313
004 1032 1
14°542 10045 105023 ‘ *0328
*00§ 033 |
17°2713 *0035 108234 [ 10335
+006 i 034
21008 +0063% ; 111486 +0345
*007 *038 ’
24336 “0073 1471y *0355
-o08 036
37-467 -0083 117°049 +0365
009 +037
30+699 +0005 121°180 *0375
010 038
33°930 <0103 124°411 <0385
‘ol1 -039
37°162 o113 127643 *0395
012 040
49393 . *012§ 130°8%4 +0408
ro13 +041
43-6as ! ‘o133 134106 . o418
; ‘o14 : 10432
46-856 ro145 137+337 -0425
o1 843
50088 ‘o155 140 560 *0438
+016 1044
$3:319 0168 143800 . 0445
o1y 0
56:851 *017§ 147°033 45 10458
018 <046
$9:782 0185 150°163 +0465
019 .0
63-014 ‘019§ 153405 41 0475
‘010 <048
66-1248 +020§ 146726 +0485
*021 +049
69-477 ‘011§ 159+958 10495
*023 *050
72°708 03218 163+189 ) : +050§
re13 <0§1
75°939 +023% 166+ 431 0515
‘014 ‘082
19°17 : ©024§ 169652 083§
i r02§ oy
i 82- 403 ! +0258 172884 os3 053§
*026 ‘084
83-634 0268 176: 118 ° *0845
029 .
88- 865 0275 179346 055 1]
+086
182: 578 s 036§
—=m—p—r—— . e

COorrection for E. Longitude -, for W. Longitude +,
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Caar. 1.]

THEORY AND COMPUTATION

TasLe VII.—Products of Augmentmg Factors R,, R,, and R,
multiplied by 1 to 99.

R, = -o0028.
-] 10 20 30 40 50 6o 70 8o 9o
-1
[} 10000 *0280 *0560 o840 | ‘1120 *1400 +1680 +1960 +2240 +2520 ]
1 0028 | +0308 [ :0588 | +0868 | 1148 | -1428 | -1908 | 1088 | 2268 | -2548 1
2 *0056 | +0336 [ 0616 | <0896 | 1176 | <1456 | 1936 | -2016 | -2296 [ -2576 2
3 +008B4 +0364 +0644 +0924 | +1204 +1484 +1764 12044 *2324 2604 3
4 ‘orrz | ‘0392 <0642 ‘0952 | <1232 | <1312 | <1792 | -2072 { +2353 | -2632 4
s ‘o140 10420 *0%00 +0980 *1260 *1540 *1820 *2100 +2380 2660 S
6 *0108 | -0448 ‘0728 | 1008 | 1288 | <1568 | -1848 | -2128 | 2408 | -2688 6
b +0196 *04596 | 0756 | <1036 1316 | 1596 | 1876 | -2156 | -2436 [ -3y16 7
8 *0224 | ‘oS04 | 0784 | <1064 1344 | 1624 | 1904 | <2184 | <2464 | -2744 8
9 *0252 ‘0532 -1} ¢ * 1092 *1372 +1652 *1932 *2212 *2402 *2772 9
R, = o115.
-] 10 20 30 40 ) 6o 70 8o 9o
° *0000 | *I150 [ 2300 [ -3450 ‘4600 | +37850 | -6goo | -Boso ‘9200 | 1+03%0 °
! ‘o115 | +1205 | 2415 | 03565 | c4715 | 5805 | -jors | -B16S | -9315 | 10405 1
2 ‘0230 | +1380 | +2530 | <3680 | -4830 | -<59Bo | -7130 | +B280 | <9430 | 1-0580 2
3 0345 | 1405 [ <2645 | <3705 | -4945 | 6095 | -7245 | -B395 | 9545 | 1-0695. 3
4 ‘0460 | 1610 [ 2760 | -3g10 | <3060 | +6ar0 *y360 | +8310 | -gb6o | 1-0B10 4
s ‘0§75 | 1728 | 2875 | -4025 | 3175 | <6328 1473 | 8625 | 9778 | 1°0025 s
6 +ofigo ‘1840 +2000 14140 15290 +6440 *7890 8740 *¢8go | 11040 6
7 *oBos | +195g | +at05 | -4285 | 5405 | -6585 [ -7705 | +8Bs5 | 1-0008 | 1e11S§ 7
8 ‘0930 *2070 *3220 *4370 *3520 +66%70 +9820 ‘8970 | 1°0120 | 1-1270 8
9 1038 | 185 | 3335 | <4485 | 5635 | 6985 | -y933 | +9oBs | r1-0235 | 11385 °
R, = -o0472.
° 10 20 30 40 1) 6o 70 ’ 8o ’ 90 .-
© | o000 | cg720 | ‘9440 | 1°4160 | 1°8880 | 2:3606 | 2-B320 | 3-3040 | 3:7760 | 42480 °
ot w42 *gl92 ‘0912 | 1-4632 | 1°9353 | 2°409d | 28792 | 3-3512 | 3°B233 | §-2082° 1
3 "0044 | -4664 | 1:0384 | 1-S104 | 1-9834 | 2-4544 | 2°9264 | 3-3984 | 38704 | 4-342 ‘2
3 *1416 6136 | 1°0856 | 145876 | 2:0296 | 2-5016 | 29736 | 3:4456 | 3:9176 | 4 3893 3
4 + 1888 6608 | 1-1328 | (6048 | 20768 | 2°3488 | 3-0208 | 3-4928 | 3°0648 | 4°4368 4
s 3360 | <7080 | 1:1Boo | 1+6520 | 2:1240 | 2:5g60 | 3-068o | 3+5400 | 4-0120 | 4-4840
6 *1832 *7882 | ve2292 | 1-6992 | 2-1712 | 2 6482 | 3°1152 | 3-5872 | 4°0592 | 4°5312 g
7 * 33 *Boag | 192744 | 1-7464 | 2-2184 | 26904 | 3-1624 | 3:6344 | 4-1004 | 4:5784
8 ‘377 8496 | 13216 | 1:7936 | 2°2646 | 29376 | 3:2096 | 36816 | 4°1836 | 4-6256 3
9 *4248 | 8968 | 1-3688 | 1-8408 | 23128 | 2:7848 | 3-2568 | 3-9288 | 4-2008 | 4:6728 9
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CHaP. 1.]

THE

TIDES

TasLE VIII. —Products of S, x -001 up to S, x 1-000.
S,=sin 15°=-25882.

No. | ro00

*003 *004 *00§ »006 100 +008 1000
*00 | *000000| *000259| *000518| -000%76] ‘001035 001204  <+cOT553| rcorBrz] roo2071) ‘003329
*01 | ‘002588| *002847| *003106] -003365| -003623| -003882 +004141| -004400| *004639| 004918
*02 | 005176 r005435| ‘0056004 005953 -000212 -006471' 000729 -006088( +00Y247| 007506
*03 | *007765! +ooHo23| r008282] -0oB541| :00BBoo| 000059 +009318| :009576| *00g835| ‘010094
04 | -010353) ‘010612 ‘010870l -or11129| -011388| 011647 c011g0b -012165| ro12423] ro12682
05 | *012941| *013200| +013459| ‘013717 013976 -014235; °014404| 014753 *o15012| ‘015270
*06 | -o15529| -015788| -016047| :016306] +016564| <016823' <+017082| :o17341| *o17600( 017859
*07 | ro1B117| +018376| -018635| -018894] -o19153 -oxg4ni so19670| :019929| 020188 ‘020447
*o8 | +030706[ 020964 ‘021223 -0214B2] -021741 022000 -022259| *022517 +0224%76| *023035
‘09 [ +023394| +©33553| -023811| -024070( -024329| -024588, 024847 -025106] ‘025364| -025623
*10 | *025883 +020141| :026400| 026658 -02691%7] -027176! -027435| -027694| -027953| ‘028211
*11 | -028470| 028729 :028988| -029247| -029505| :029764| -030023| -030282| 030541 *030800
*13 | -o31058| 031317] *031576| -031835] -032004] :032353) °-032611) -0328%0| -033129| 033388
*13 | -033647| -033005| -034164 -034423| -034682| -031941| -c35200| -035438] ‘035717 *035976
‘14 | +036235| +036494| r036752| +o3jo11] -037270| -037529| -037788| -038047| -03B305| ‘038564
*15 | +038823! -039082| :039341| -039590] '0398358| -o40117| -040376| -040635 -040894] ‘041152
*16 | “041411| <041670| :041929| +042188| -042446| -042705| :042964] -043223| +043482| ‘043741
*17 | *043999] *044258] -c44517| -044776| +045035| -045204] -045552 -045811| r046070] 04639
*18 | +046588| -040846( ‘047105| 047364 047623 -049882| :04Br141| :048399| :048658] 048917
*19 | +049176) -040435| +049693| -049952| -o050311| -030470] +050729| -050g88] -051246| ‘051505
*30 | 051704 052023 +052283| 052540 -052799| -053058| -053317 -053576| +053835| *054093
*31 | 054 33| -084611] -084870| -035129| 085387 -055646! -035905| +056164| -056423] 056682
°31 | +050940| *057199| ‘057458 -037717) -0§7976| -058235) -058493) -05B752| -0590r11| 059370
*33 | +050529| :059787] -06c046| -060308| -060564| 060823 -0b61082 -061340| -061599| 061858
*34 | +06a117| +062376| 062634 062893 063152 -063411| -063670) 063920 ‘064187 +064446
*35 | +0647-5| *064904{ 065223) 065481 065740 +0635999] :066238| -00651%| 066776 -067034
*a6 | -067293| -067552| ‘067811| :068070| 068328 068587 068846 -obgros| -069364] *obg6s3
37 | -06gB81) -070140| -0y030y| 070058 -ojoqr7| 071176 -071434| -o71603| ‘071952 ‘072211
*38 | -0%2470| +073738| ‘072087| 073246 +073%05] °-073764] :074023] <074281] -074540| *074799
*39 | -o75088| -078317] 075575 -075B34| -076093| +076353| -076611] -o46870( 077128 -077387
*30 | +077646] -077905| 078164 -078422| 078681 -0%8940| -079199| :070458| ‘079717| 079975
*31 | -0Bo234| -0B0493| -0Boyg2| -oBror1] -oBrabg| -oB1328) 081987 082046 -082305| ‘082864
*32 | -082823| -083081| 0B3140| -083599] -0B3838| -oB4117| 084375 -084634 -084833 olig1s3
*33 | -0Bs411| -085669| -0B3ga8| -086187| +086446| -0BO7035| 086964 -087232| +087481| 087740
*34 | +0B7999| -0oB8258| :08B516! -088775! -0Bgo3zs| :oBg293| -oBgisa| <oBgBii| -ogoobg| 090328
*35 | +0gosB7| -0goB46] rogrros| <ogr363| -og1622) +091881| -ogz140| :0933g9| 092638 ‘092916
*36 | +093175| 003434 1003603 °093953| -004310] -004469 :094728| 094987 ‘095246 °095508
=37 | +098763) -09603a| -096281| -096540) °096799] 097038 097316 -0g7575) 097834 0nBog3
*38 | -0g8353| 0g8610 0gBBGY| -0g9128| +09g3B7| '099646] -0gggos|..:100163| 100422 .+ 100681
*39 | *100940| -101199| *101457| +101716| -101975| -102234| -102493| :102753| +103010] ‘103 69
°40 | ~103528] <103787| *104046] <104304] ‘104563 -104823] 105081 -105340| *105599| * 105857
- v4r | +106116] 106375 -106634| <106893| -1Oo7151| 107410 :109669| 109928 1108187 -108446
*43 | *108704| +10B963| *109223| 109481 <109740| -109999! -r1028%| 110516 11077§| *111034
*43 | *J11293] 111851 *111810| 112069 +112338] 112587 <112846| c113104] *113363] <§13622
44 | ‘113881) c114140| 114308 -114687| -114916| -r1S178| -T18434| 115693 11ggst| ‘116310
48 | *116469| *116728| -116987] 117245 -117504] -117763] -118023| 118281 -118540( 118798
*46 | +119057| <119316] 119575 -119B34| -120092| +120381| -120610| -120869| ‘ra1128] 121387
*47 | -121648| 121004| -122163) -122423] -122681| +r122940 -133198| -123457| -133716( ' 123975
48 | ©124234) *124492] r134751| <125010| -125269] -125$28 -12§787| -126045| - 126304] +126563
*49 | +12682af <127081) 127330\ -127308{ -127857| -128116' 128375 -128634| -128Bg3| ‘129151
*50 | *129410| -120669| -129928| -130186| -130445 -|3o7o4l *130963( 131223 *131481| *131739

No.

‘00
*ol
‘02
+03

-05

«06
0]
08

*10

*11
‘12
-l3

.15

16
ll7
*18
llq
+20

*21
“23
*23
'24
-zs

+26

*28
.‘9

13‘
.3’
*33
‘34
*38

-36
*37
+38
‘39
‘40

41

*43
‘44
48

.47
<48
‘49
-so
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CHaP. I.]

THEORY AND COMPUTATION

TasLe VIII.—Products of §; x 001 upto S; x 1-000.
S, = sin 15°=-25882.

No.

‘%0

+66
-67
+68
.60
o

-7!
-72
73
‘74
H

.76
l77
A78
‘79
8o
*81
*82
83
84
*83

86
8y
88
-89

‘o1
‘93
‘93
‘94
‘98

*90
*97
.oe
‘99
1+00

+003

1004

*008§

+006

+00Y

*008

009

*129410
*131998
*134586
*137175
*139763
*142351

' 144939
1147527
*150116
+152704
*155292

*157880
* 160468
*163057
*165645
*168233

*150821
* 173409
*175998
* 178586
181174

*183762
*186350
* 188939
‘191527
*194115

‘196703
199291
*201880
* 304468
*207056

1200644
'212232
*214821
‘217409
*319997

*222583
‘235173
‘227762
‘230350
*332938

*235526
*238114
‘240703
*243291
*345879

*24846%
*2510§5§
*253644
*256232
*248830

+ 120669
*132257
134845
*137433
* 140022
1142610

*145108
*147786
*150374
*152963
*155551

*158139
*16072%
*163315
*165904
*168492

*171080
* 173668
+ 176256
178845
*181433

+184021
+ 186609
*189197
*191786
104374

196962
*199550
+202138
* 204727
1307315

209903
+212401
*215079
+217668
1220256

1222844
225432
+228020
+230609
1233197

*33578g
238373
+240961
1243550
+246138

+248726
*251314
*253902
+256491

+129928
+132516
*135104
+137692
*140280
1142869

1145457
* 148045
+150033
+153221
+155810

+158308
+ 160986
1163574
+166162
+ 168751

*171339
173927
‘176515
*179103
+ 181692

+184280
+ 186868
* 18456
*102044
194633

‘197221
* 199809
*202397
* 204985
*207574

*210162
‘212750
215338
+217926
*220813%

*223103
+223691
228279
+23080%
*233456

236044
238632
12413220
1243808
*246307

248985
‘251873
*254161
1256749

*130180
*132775
*135363
137951
140539
1143127

‘145716
+ 148304
+ 150892
*153480
+ 156068

+ 158657
+161245
+163833
*160421
+ 169009

*171598
*174186
176774
*179362
+181950

* 184539
+187129
189715
*192303
+194891

*197480
*200068
+2026356
*205244
1207832

*210421
“213009
+215507
+21818%
+320173

+223362
2135950
+228538
+231126
1233714

*236303
238891
241479
* 244067
1246058

‘249244
+251832
*254420
+2§%7008

130445
*133033
+135622
+138210
+140798
143380

145974
*148563
*I181151
+153739
156327

*158915
*161504
+104092
160680
+169268

*171856
174445
*177033
*179621
+182209

* 184797
1 +187386
* 189974
©192562
‘195150

‘197738
1200329
1202918
205503
+308091

+210679
+213268
+215856
»218444
*221032

+223620
+236209
»228797
*231385
'233973

» 236561
*2391%0
+241438
+244326
1246914

*249502
*252091
+254679
»257267

1130704
*133292
+135881
+ 138469
* 141057
* 143645

146233
+148822
*151410
153998
+ 150586

*159174
+161963
*164351
+166939
* 169527

192118
1174704
*177292
* 179880
+182468

*185056
*187645
*19o233
<192821
*195409

*197997
*200580
203174
+205762
*208350

+210938
213527
+216118
+218%03
*321291

+2238%9
+226468
1229056
*231644
+234232

+236820
*239409
* 241997
*244483
*247173

*249761
25230
1254938
257520

-130903
*133551
*136139
+138728
*141310
*143904

+146492
* 149080
* 151669
1154257
+150845

1159433
*102021
+104610
*107198
169786

172374
" 174962
*177581
*180139
+182729

- 185313
*187903
*190492
+193080
+195668

+198256
*200844
203433
206021
+ 208609

*21119)
*213785
*216374
+218962
*221§50

+224138
+236%26
1239315
+231903
*334491

*237979
*23966
+242256
*344844
*247432

*250020
+252608
r28:197
* 257785

‘131222
*133810
+1360398
+138986
1141575
144163

+146751
°149339
*151927
154516
*157104

+159692
*162280
+164868
*167457
* 170045

*172633
*175231
*177809
+180398
182986

185574
+188102
‘190750
*193339
*195927

+19881%
+301103
*203691
+200280
+208868

*211486
1214044
+216032
1219221
+221809

*224397
+226085
*229573
1232162
1234750

*337338
*239916
©242514
*348103
1247691

*250279
+252807
*255455
+258044

«131481
*134069
* 130657
*139245
+141833
144422

*14'010
*149598
+152186
*154774
*157363

*159951
*162539
«16512%
+107715
*170304

‘172892
175480
* 1780068
* 180656
183245

+185833
1188421
*191009
‘103597
1196186

*198774
+201362
+203930
+206538
+209139

211715
*214303
+216891
*219479
+222068

+224656
*237244
+229832
+232420
*235009

2378097
*24018¢
*343773
*245361
‘347980

+250538
+2§3126
©255714
1258302

‘131739
*134328
*136916
*139504
*142092
*14468¢

147269
* 149857
*152445
155033
*15762:2

*160210
+162798
+ 165380
167974
*170862

‘173151
*175739
‘178327
180918
*183503

* 186092
* 188680
*191268
*193856
*196444

‘199033
*201621
1204209
‘206797
*209385

‘211974
+214862
*215150
*219738
+223326

©224015
*227503
*230001
+232679
*235267

2378356
*240444
1243032
+245630
+348208

*250797
253385
255973
»258561

-65

*66
-67
68
-69

+81

1°00
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Cuar, 1.]

THE

TIDESR

TasLe IX.—Products of S; x 001 up to S; x 1:000,

S; = sin 45° = -70711,
No.| +oce ool *003 *003 *004 *00% *006 l 007 o008 *o09 | No,
*00 { "000000 | *000707 | 1001414 | *003121 | -002828 | +003536 | ‘004243 | *004950 | 005657 | +006364 | *00
*e1 | *007071 | 007778 | -00B4BS5 | +009193 | ‘o0ggoo | ‘010607 | ‘011314 | 012021 | ‘012728 | *013435 | o1
‘02 | +014142 | *014%49 | *015556 | +016264 | -016971 | 017698 | -018385 | ‘019092 | *019%g9 | -020506 | ‘02
*03 |} 021313 | 021920 | +022628 | 1023335 | 1024042 | ‘024749 | *025456 | -026163 | *0268%0 | ‘02757 | +03
*04 | *028284 | 028993 | ‘029699 | *030406 | ‘031113 | 031820 | +03252% | r033234 *033941 | *034648 | ‘04
*05 | +035356 | 036063 | 036770 | +037477 | <038184 | 038891 | *030398 | -040305 | -o4r012 ‘041719 | 0§
*06 | +042427 | ©043134 | -043B41 | 044548 | 0452535 | 045062 | 046669 | +047376 | 048083 | -048791 | 06
'07 | *049498 [ r050205 [ r050912 | 051619 | +052326 | +053033 | 053740 | 054447 | r055155 | 055862 | of
+08 | -056569 | -057276 | -057983 | 058690 | 059397 | ‘oboro4 | ‘cboBir | 061519 | -062226 +062933 | *o8
'0g | *063640 | 1064347 | r0b5054 | +065761 | 066468 | -0b7175 | 067883 | -068500 +06929%7 | ro0004 | *og
*1o | *oj071r | 071418 | «072125 | -072832 | <073539 | *074247 | ‘074954 | *075661 | +0%76368 | ‘077075 { 10
‘11 [ 077782 | +078489 | 079196 | -079903 | -0Bobr1 | -081318 | 082025 | -0B2Y32 +083439 | -084146 | *11
‘12 | ~0B4H53 | -0B3360 | 086267 | -0B697S | 087682 | -08838g | +0B8gogb 089803 | *0gosI10 k-0gT21y [ *13
*13 | *091924 | 1092631 | +003339 | -004046 [ 0947:3 |--095460 | *0gb16% | -c9BB7] | -0g7581 [ -09B288 | *13
‘14 | “098995 | -099703 | 100410 | -101117 | -101824 | *102531 | +103238 +103945 | *104652 | *105359 | 14
15 | « 106007 | -106774 | +107481 | +10B188 | -108895 | - 109602 +110309 | 111016 | ~111923 | v112430 | *1§
16 | -113138 | *113845 | -114582 | c115239 | "115966 | - 116673 | ~117380 | -118087 | *118%04 | ‘119502 | *16
*17 | *130209 | *120916 { -121623 | 122330 | -123037 | *133744 | *124451 | *125158 | 123866 | 126573 | *17
18 | -127280 | -127987 [ - 128694 | *129401 | ‘130108 | -130815 | +131522 | 132230 | *132937 | 133644 | *18
19 | +134351 | 135088 | 135765 | "136472 | *137179 | -137886 | *138594 | +139301 | r140008 | 140715 | *19
20 | 141423 | *142129 | *142836 | 143543 | ‘144250 | * 1440358 | *145665 | 146372 | -147079 | +147786 | *20
|
21 | ©148493 | *149200 | -149907 | <150614 | +151322 | +x52029 | 152936 | 133443 | 154150 | “15485% | *at
22 | +155504 | 156271 | -156978 | - 157686 | -138393 | - 159100 | -150807 | -160814 | *167221 | -161928 | *22
*23 | +162635 | 163342 | *164050 | +164757 | +165464 | 166171 | 166878 | -167585 | +168292 | -168999 | *23
*34 1 *169706 | 170414 | -171131 | -171828 | 1172835 | +173243 ) ©173940( -174656 | -175363 | *176070 | ‘34
28 | <176778 | 177485 | 178192 | * 178899 | *179606 | +180313 | ‘181020 | - 181727 | 182434 | +183141 | *28
26 | 183849 | -184556 | 1185263 | -185970 | 186677 | 1187384 | < 188091 | - 188798 | - 189305 | 1go213 | *26
*37 | 1190930 | +191637 | ©192334 | -193041 | - 103748 | + 194455 | 195162 | 1958609 | +190577 | ~197284 | ‘37
*28 | -197991 | ‘198698 | -19g405 | -200112 | -200B1g | -301526 | 203333 | 202041 | -203648 | -304355 | ‘28
29 | -205064 | - 305769 | 206476 | -207183 | -207890 | +308§97 | -209305 | -210012 | 210719 | +311426 | ‘39
*30 | 312133 i-zxz&4o ©213547 | 214284 | -214961 | +315669 | 216376 | 217083 | 2179790 | r21849% | ‘30
*31 | 219304 i')lp@ll +220618 | -221325 | ©222033 | *222740 | 223447 | 3241354 | “224861 | 225568 | ‘31
*32 | -226275 | -226983 | -227689 | 228397 | -229104 | 329851 | -230518 | -a31225 | 231932 | +232639 | *32
*33 | *233346 ‘-:34053 234761 | ©238468 | +236175 | +236882 | - 237589 | 238296 | <239003 | +239710 | "33
34 1 °240417 | -241128 | 1241832 | ©242530 | 243246 | +243053 | -244660 | 245367 | -246074 | -246781 | *34
+35 | ©247480 ;-248196 *248003 | -249610 | +250317 | -231024 | <251931 | 252438 | -32a145 | 253852 | 35
36 | *3g4860 | 258367 | 255074 | 256681 | +257388 | +258005 | 298802 | -2g950g | +a60216 | -afoga4 | *36
*37 | "201631 | 262338 | -263045 | *263752 | +264459 | - 268166 | 265873 | 266580 | +267288 | 267995 | *3Y
*38 | 268702 | 269409 | -270116 | -270823 | +371530 | 272237 | -272044 | -273652 | *274359 | +275066 | *38
*39 | ©275773 | *370480 | -277187 | -277894 | 278601 | -279308 | -280016 | -280%a3 | +3B143c | -282137 | "39
*40 | *282844 i-:agssr +2B4254 | 284965 | -28567a | -286380 | 287087 | -287794 | +288s01 | +289208 | *40
*41 | 1289015 | -290622 | +201329 | -293036 | -203744 | 203451 | 294158 | 204864 | +295572 | +296279 | 41
*42 | -296986 ‘-397693 *398400 | *299108 | -299815 | + 300822 | +301229 | +301036 | *302643 | *303350 :43
*43 | "304087 | -304704 | *308472 | -300179 | - 306886 | 307593 | 308300 | -30g00Y | ©30971¢ | *310431 | ‘43
*44 | "311128 . +311836 | ‘312843 | *313280 | ©313057 | *314664 | 318371 | - 316078 "316785 1317492 | 44
*45 | ©318200 | 31890y | + 319614 | *320321 | «321028 | +331735 | 322442 | ‘323149 | *323856 324563 | 48
*46 | -325271 | *325978 ) - 326633 | 32732 | 328099 | +328806 | -339513 | 330320 '-330917 *331638 :46
*47 | 332343 | ©333049 | -333756 | *334463 | *335170 | +333877 | -3363B4 | -337201 | 337999 | - 338706 ,45
"48 | ©330413 | 340120 | 340827 | *347834 | +342241 | 2342048 | -343688 | -344363 | -345070 | 345777 '
749 | "346484 | -247191 | -347808 | »348608 | +340312 | +350010 | -350737 | *351434 | 352141 | *352848 | ‘49
5o | *353585 }-354161 -354969 | 355676 | -356363 | -357001 | -357798 | +358s05 | -359213 | -359919 | “§O
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Cuapr, 1]

THEORY AND COMPUTATION

TasLe IX.—Produets of 8; x 001 up to S, x 1:000.

S; = sin 45° = 70711,
No.,| rooo <001 1002 *003 +004 *008 +00b6 100% +008 ‘009 | No.
*50 | +353555 | *354262 | *334960 | 355676  -356383 | -357091 | *357798 | 358505 | 359212 | +35991g| 50
*51 | +360626 | -361333 | 362040 | -362747 | *363455 | 364162 | *364869 | 365576 | -306283 | -366090| * 51
52 | +369697 | +368404 | -36Q111 | 360819 | *370526 | +371233 | *371940 | -372647 | 373354 | 374061| <52
53 | *3747608 | *375473 ) 376183 | +376890 | +377597 | 378304 | *379011 | 379718} -3B0425 | +381132| <53
54 | *381839 | 382547 | 383254 | 383961  -384668 | -38s53y5 | +380c82 | 380780 | -387496 | +388203! -c4
3¢ | *388g11 | -389018 | -3g0:25| -391032 ( *391739 | 302440 | "393153 | 363800 -3945067 | -395274] 55
*56 | -395982 | 396689 [ -397396 | <398103 | 398810 | *399517 & 400224 | *400931 | -401638 [ ‘402346 56
37 | *403053 | -403700 | -404407 | 405174 | *405881 | -406588 | ‘407295 | -408002 | -408710 | 409417| +5%
3B | rytor2d | -410831 | 411538 | +412243 | *412052 | *413050 | "4143060 | 415074 | 415781 | -416488| 58
39 | “417195 | *417902 | *418609 | -419316 | *420023 | 420730 | 421438 | 422145 | 422852 | +423559] * -9
00 | 1424266 | -424973 | 425680 | 420387 | 4270094 | r427802 | 428509 429216 | -429923 | -430630] ‘6o
61 | ©431337 | *432044 | 432757 | *433458 | 1434106 ' 434873 | -435580; 436287 | -436994 | +437701| -61
62 1 ©433408 | +439113| 1439822 | *440330 | "441237 | 441944 | "442651 | *443358 | *444065 | +444772| ~62
03 | 445479 | 446180 ) 446804 | 447001 | 448308 | *449015 | 449722 | 450429 1 451136 | -451843| <63
04 | 452550 | 453258 | +433005 | *454672 | 455370 | "450086 | 456793 | 457500 | -458B207 | 458914, <64
65 | *459622 | +400329 | *461036 | 461743 402430 | -463157 | 403864 | +464571 | 465278 | -465985! -65
06 | +460693 | 467400 | +468107 | -468814 | +469521 | *470228 | 470035 | +471642 | *472349 | *473057| 66
67 | 473764 | *474470 | 475178 -473885 | 470592 | 477299 | 478006 | -478713 | -479421 | -4Bor28| -64
68 | -480835 | 48142 | +4B2249 | 482056 | 483603 | *484370 | 485077 | -4Bsy8s | 486492 | 487199| +68
09 | +487906 | -483613 [ 489320 | -490027 | +490734 | "401441 | 492149 | 492856 | 1493563 | r494270| *69
70 | 494977 | 495684 | 496301 | -497008 | - 407805 '4o85l3] *499220 | +469927 | *500634 | -S01341| *70
70 | "§02048 | +502755 [ 503402 | 504169 | *504877 | 505584 [ -506291 | +506998 | ‘507705 | +goBar2| 91
*72 | *509119 | -509826 | *510533 | -§11241 | °S11948 [ x12685 | -513302 [ -S14060 | -514776 [ +515483] +ya
*73 | *51b6rge | -510897 | -517605 | -518312 | -s19019 | *519720 | -520433 | -s21140 | 521847 | +523884| *73
*74 | +323201 | 523900 | -5246%6 | *523383 | 526000 -526797| 827804 | *828211| -528918 | +529625 74
75 | *530333 | *531040 | *531747 | +532454 | *533101 | 533868 .€34575| -:35282 | 535989 | +536696 <75
76 | +537404 | +s3Br11 | 538818 | -339528 | *540232 | *540039 | *541646 | -542383 | -843060 | <543768| 16
97| +544475 | v545182 [ 545889 | 546596 | -547303 | ‘548010 | *548717 | 549424 | 550132 | -g50B39| ¢y
78 | *581846 | -592283 [ -552960 | -253667 | 554374 | 535081 [ +555788 | 556490 | +557203 | 557910 98
79 | +558617 | -550324 | -560031 | -560738 | 561445 | 562152 | 562860 | +56356% | -564274 | +564981( <79
‘8o | -565688 | 5606395 | *567102 | -56480g | *568516 | r369224 | *560931 | - 570638 | §71345 | -§72052] 8o
*81 1 +372759 | +573466 | -574173 | +574880 | -575588 | 576295 | +g77002 | c577709 | 578416 | -s7q123| 81
‘B2 | -579B30 | +480537 | +581244 | -Brgsa | +5B2689 | +583366 { 584073 | +5B4780 | 585487 | +586194| *82
"84 | -sB6gor | -597608 | -5BB310 | +58go23 | -580730 | +590437 | *591144 | ‘591851 592858 | -593285) B3
‘84 | '503972 | 594680 | -595387 | -5g00g4 | -596Bor | 597508 | 598215 | -508922 | -599629 | +600336( -B4
85 | -6orogq | +601751 | 602438 | 603165 | +603872 | ‘604579 | +605286 | ‘605993 | 606400 | +6o7407| 85
*86 | 608115 | -60BB22 | ‘609529 | 610236 | +610043 | *611650 | 612357 | +613064 | 613971 | 614470 -86 |
‘87 | 615186 | -615893 | +616600 | -617307 | 61Bo14{ 618721 | 619428 | 620135 | ‘620843 | 621550 *BY
B8 | 622257 | -622904 [ -623671 | 624378 | -625085 | -623792 | *626499 | 629207 | 629914 [ <628621| -88
*89 | +620328 | +630035 | 630742 | *631449 | 632156 | 632863 *633871 | 634278 | 634985 | 635692 ‘8¢
g0 | +630399 | *637106 | 637813 | 638520 | 639227 | 639035 | 640642 | 641340 [ -642086 | '642763] -go
"01 | +643470 | 644177 | <644884 | 648591 | 646299 | +647006 | 647713 | +64B430 | 649127 | +649B834| 91
‘93 | ‘650541 | -651248 | 651955 652603 | 653370 | 654077 | *654784 | 635491 | 656198 | -656005| *93
93 | 057612 | 1658319 | .659027 | *650734 | *660441 | 661148 | 661885 | 662562 | 663269 - 63970| 93
04 | 664683 | -665391 | «06600H | 666805 | 667512 | *668a1g | 668926 | ‘669633 | 670340 | *6%104%( ‘94
"95 | 671755 +672463 | 673169 | 673876 | 674883 | *675290 | 675997 | '676704 | 677411 | -678118| 95
96 | +698816 | +679533 | -GHo240 +680947 | +681654 | 682361 | 683068 [ -683775| 684482 -685190| g6
97 | *685897 | 686004 | 689311 | +688018 | 688725 | 689432 | *69or3g | +69oB46 | 6915454 | +602261| 97
9B | +692968 | 693675 | 694382 +695089 | -698796 | *696503 | ‘694210 | 697918 | 698625 | -69g332| 0B
109 | 100039 | 700746 | +701453 | 703160 | 702867 | -703574 | *704282 *704989 | 705696 | -706403| ‘99
. “jo%110 100
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CHAP, 1.]

THE lems

TaBLE X.—Products of S, x 001 up to S, x 1.000.

S, = sin 60° = -866083.

No.| -<oco 001 s002 +003 *004 *00§ <006 007 +008 ‘009 |No.
100 | *000000 | *000866 | '001732 | ‘002508 [ r003464 | *004330 | ‘005196 | ‘006062 | *006928 | *00%704 | 0O
+o1 | *ooB660 | 009526 | *010392 | *or11258 | 012124 | 012990 | ‘013856 | *014723 | *015589 | -016455 | *01
<02 | *o17321} 018187 | *o19053: | *019919 | ‘020785 [ ‘021681 | 022517 | *023383 | ‘024240 | *0325115| 02
+03 | *023981 | 026847 | *027713 | *028879 | *029445 [ 030311 | 031177 | ‘032043 | *032909 | *0337%5| *03
04 | *c34641 | 035507 | *036373 [ 037231 | ro38105 | +038971 | *039B37 | ‘040703 | *041569 | *042435 | ‘04
<05 | 'c43302 | +044168 | r045034 | ‘045900 | 040766 | <047632 | ‘048498 | ‘049364 | 050230 | *051096 | *03
.06 | *0g31962 | ‘052828 | 053694 | ‘054560 | *055426 | 046202 | ‘057158 | ‘058024 | ‘058890 | -059756 | <0
.07 | *060622 | *061488 | 062354 | *003220 | *064086 | ‘064952 | ‘065818 | 066684 | *067550 | *068416 | *0F
.08 | *06gaBz | r0j0148 | *oy1014 | ‘071880 | r042747 | *073613| 074479 | '075345 | 076211 | *o770y% | *0B
.09 | *077043 | *078809 | ‘079675 | *oBos4r | 081407 | -082273 | ‘083139 | ‘084005 | ‘084871 | *0B5737 | 09
.10 | *o86003 | *087469 | ‘088335 | ‘089201 | ‘090067 | 090933 | *091799 | 092665 | -093<31 | "094397 | 10
.11 | '093263 | ‘096129 | *0969gs | 097861 | 098727 | *099593 | *100459 | 101326 | *102192 | 103058 | ‘11

12 | *103924 | *1047g0 | 105656 | *106522 | *107388 | -108234 | ‘109120 | *109986 | 110852 | *111718 | *12
13 ] c113584 | rtr3g450 ) 114316 | *115183 | 116048 | 116914 | 117780 | 118646 | *119512 | 120378 [ *13
L14 | cvziz244| 122100 | 122976 | c123842 | ‘124708 | 128574 | *126440 | 139306 | <128172 | 120038 | ‘14
18| *129905 | 130771 | 131637 | *132503 | *133369 | ‘134235 | *135101 | 135967 | -136833 | ‘137699 | *15

16 | *138565 | 130431 | *140207 | ‘141163 | -142029 | -142805 | 143761 | *144627 | *145403 | *146359 16
‘17 | *147228 | 148091 | ‘148957 | *149823 | 150689 | *151555 | 152421 | ‘153287 | 154153 | 155019 [ 1%
18 | ~158885 | c156951 | +157617 [ +158483 | ‘159350 | 160216 | 161082 | 161948 | ‘162814 | 163680 | 18
*19 | "164546 | *163412 | *166278 | ‘167144 | * 168010 { 168876 | 169742 | *170608 | 171474 | "172340  *19
*20 | *173206 | *174072 | 174938 | *175804 | r176670 | <177536 | ~19B402 | *179268 | +1Bor34 | *181000 | 20
car | +181866 | <182732 | +1835098 | 184464 | -185330 | *1B61g6 | *18%062 | 1879209 | < 1B8yg5 | *189661 | *31
‘32| *190527( *191393 | 192259 | ‘193125 | 193901 | *194857 [ *195723 | *196589 | 197455 | *1983a1 | *22
*33 | ‘199187 [ *200053 | *100919 | r201785 | 202681 | *203517 | *204383 | *205249 | 206115 | *206981 | *23
‘34 | *207847 | 208713 | 200570 | "210445 | 211311 | *212197 | ‘213043 | *213909 | *214775 | *315641 ) ‘34
*23 | 216508 | *217374 | 218240 | ‘319106 | 219972 | < 220838 | 221704 | 222570 | *223436 | *234302 ) °35
36 | *225168 | *236034 | 32600 | 227766 | -228632 | *229498 | *230364 | 231230 | 332096 | ‘232962 [ *26
*3y | =233828 | -234694 | ‘233560 | 123642 | -237202 | 338158 | ‘239024 | *3398go | r240756 | 241622 | *37
28 | +242488 | ©243354 | ‘244320 [ +245086 | 245053 | *246B19 | +24,685 | 248551 +249417 | *250283 | 28
39 | *251149 | *252015 | 252881 | +253747 | ‘254613 | *255479 | 356345 | +a57211 | +258077 | r258943 | 29
30 | *259809 | *260675 | ~361541 | -362407 | -263273 | 264139 | 265005 | 265871 -266737 | -367603 | *30
31 | +368469 | *269335 | 270201 | 271067 | ‘271933 | *272799 | *273665 | *274532 | r375398 [ <276264 | ‘31
*33 | ca17130 | 377996 | 278863 | 279728 | 280594 | "2B1460 | ‘283326 | -283192 | +3B4058 | 284924 | *33
*33 | *388790 | 286656 | -287522 | 388388 | 289254 | ‘290120 ( *290986 | *291853| 292718 | 293584 | *33
*34 | “394480 | "295316| 296182 | 297048 | 297914 | ‘298780 | *299646 | ‘300512 -301378 | 302244 | "34
*35 | 303111 | 303977 | *304843 | 305709 306575 | '307441 | *3oB3o7 | 309173 | +310039 | *3r0905 | 35
*36 | *31177v | *312637 | ‘311503 | ‘314369 [ *315235 | -316101 | *316967 | *317833 | -318699 | 319865 | 36
*37 | *310431 | *321297 | +322163 | -323039 | -323895 | ‘324761 | *325627 | *320493| 327359 | *328225 ] 3]
-38 | +339001 | -329957 | +330823 | 331689 | -332556 | 333422 | -334288 | ‘335154 -336010 | 336886 38
*39 | +337752 ) +338618 | -339484 | -340350 | 341216 | -342082 | -342048 | 343814 344680 | +345546| '39
‘40 | *346412 | -347278 | 348144 | 349010 | 349876 | ‘350743 | *351608 | *352474 | 353340 | *354206 | ‘40
*41 | *358073 | 355938 | -356804 | *357670 | 358536 | -3<9402 | 360268 | + 61135 | *362001 +36286% | *41
42 | *363733 | -364509 | *363465 | -366331 | -367197 | 368063 | ‘318929 | *369795 | 370661 | 371517 | *43
‘43 | "373393 ] °373259 | ‘374125 | -374901 | -375857 | 370723 | 377389 | +378455 | c379321! :380187 *43
*44 | *381053 | -381919 | 382785 | -3¥3651 | 384517 385383 [ 386249 | +3Byris | -389981 | 388447 | ‘44
*45 | 389714 | -3gosBo| -391446 | -392313 | +393178 | 304044 | 304910 | *395776 | -396643 | 397508 | *45
<46 | *398374 | *300240 | -400106 | -400972 | +401838 | 402704 | 403870 | 404436 | -405302 | 406168 | *46
4] | ‘407034 | "407900 | *408766 | -409631 | 410408 | ‘411364 | ‘412230 | *413006| +413962 | 414828 -4}
4B | 1415694 | 416560 [ -417426 | -418292 | ‘419150 | *420025 | +420801 | 421757 | -422623 | 423489 | '4B
‘4% | "424355 | “425221 | ‘426087 | 426953 [ 427819 | 428685 | - 420551 | -430417| -431283 | 432149 | *49
‘S0 | ©43301S | 433881 | +434747 | 435613 436479 | ‘437345 | ‘438211 | 439077 | *439943 [ ‘440809 | *50




Crar. 1] THEORY AND COMPUTATION

TasLe X.—Produets of S; x *001 up to S, x 1-000.
S, = sin 60° = -86603.

No.| +o00 *001 1002 1003 +004 *0085 +006 ‘007 +008 009 |No.

*50 | +433015 | *433881 | *434747 | '433613 | *436479 | *437345| +438211 | 430077 | *430943 | ‘440809 | ‘50
°53 | *441675 | *442541 | *443407 | "444273 ) *445139 | *440005| +446871 | -447738 | ©448604 | -449470 | -51
*52 | *450336 | 451202 | +452068 | ‘452034 | *453800 | + 154666 [ *455552 | 456398 | 457264 [ 458130 | ‘52
*53 [ *458996 | *459862 | -460728 | *461594 | ‘462460 | 1463326 | 464192 | 465058 | -465924 | -466790 | -53
*54 | 407656 | -468522 | <469388 | *470254 | *471120 | 471086 | 472852 | 473718 | <474584 | *475450 | *54
*85 | *476317 | *477183 [ -478049 | *478015 | *4797B1 | *480647 | 481513 | 482379 ( -483245 | 484111 | +55

*56 | *484977 | -485843 | -486%700 | 487575 | *488441 | 489307 | -490173° 491039 | ‘491905 | <492771 | - 56
*57 | *493637 | 494503 | -405369 | 496235 | *497101 | *497967 | +498833 [ +499699 | -500565 | ‘501431 ) -5y
*58 | +502297 | 503163 | -504020 | *504895 | *8505762 | +506628 | -507494 | *508300 | +509226| *510002 [ -58
*59 | *510058 | -511824 | 512690 | *513356 | -514422 | *515283 | -516154 | -517020 | *517886 [ *518752 | « g9
‘60 | 519618 | *520484 | +521350( +522216 | -523082 | <523048 | *524814 | -525680 | <526546 | + 527412 | + 60

*61 | +528278 | 539144 | 530010 | 530876 { +531742 | +532608 | 533474 | *534341 | -535207 ] +536073 | +61
*62 | +536039 | 537805 | 538671 | *530537 | 540403 | +541260 | +542135 | 543001 | 543867 | +544733 | ‘62
63 | +545599 | 546465 | *547331 | +548197 | *549063 | -549929 | +550795 | 1551061 | 552527 | *5§3393 | *63
64 | +584259 | -555125 | 535091 | 556857 | +557723 | *558589 | 550455 | -560321 [ -561187 | *562053 | +64
*65 | +562020 | *§63786 | 564652 | *565518 | +566384 | *567250 | 568116 | 568982 [ <560848 | -5y0714 | *05

*66 | +571580 | +572446 | 573312 | *§74178 | -575044 | *5759710 | 576776 | 577642 | 578508 | 579374 | +66
67 | -580340| +5Br106 | +581972 | 582838 | 583704 | 584590 | 585436 | 586302 [ 587168 | -588034 | +67
*68 | -588900 | +5B9766 | +590b32 | 591408 | +592365 | -593231 | -594097 | +591963 | +595829 | -596695 68
69 | +597561 | *50842% | *509203 | *60015g [ 601025 | 601891 | 602757 | ©603623 | 604489 | -605355 [ *69
*70 | 606221 | -6070B7 | 607953 | *608819 | +609685 | 610551 | 61141y | -612283 | 613149 | 614015 | *50

71| *614B81 | 61594y | -616613 | 617479 | 618345 | 619211 | -620077 | 620944 | 621810 622676 [ 71
*73 | +623542 [ *624408 | 625274 | +626140 | 627006 | *627872 | 628738 629604 | 630470 637336 | *42
*73 | *632202 | +633068 | 633934 | *634800 | +635666 | *636532 | +637398 | 638264 | 639130 | 639996 | +73
74 | *640862 [ +641728 | <642594 | 643460 | 644326 | -645192 | 646058 | 646024 | 647790 | -648656 | +74
*75 | +649523 | <650389 | 651255 | «652121 | 652987 | 653853 | 634719 | -655585 [ +656451 | 657317 | -y8

76 | +65B1B3 | <659049 | *659915 | +66qy81 | 661647 | +662513 | +663379 | 664245 | 665111 | 665977 | *76
*77 | 666843 | 667709 | 668575 | 669441 | 670307 [ 691173 | 672039 | -672905 | -673771 | 674637 | 97
78 [ -675503 | *676369 | -697235 | -6yB101 | -678968 | 6479934 | <680y00 | 681506 | 682432 | 683298 | 78
*79 | +684164 | +685030 | 685896 | 686762 | +687628 | -688494 | 089360 | -690226 | -6g1092 | 691958 | 79
*Bo | 693824 | *693690 | 604556 | 695422 | 696288 | 697154 | -698020 | -60B886 | -699752 | +700618 | -Bo

*81 | «701484 | +702350 | 703216 | 704082 | 404948 | 705814 | +706680 *707547 | 708413 | 500279 | +B1
"82 | eqyr0145 | +yrr0r1 | 911877 | 712743 | 713609 | 714475 | 715341 | -716207 | 917073 | +717939 -83
*83 | +718805 | -719671 | 720537 | 921403 | ry22269 | 723135 [ 724001 | 724867 [ -728733( -726899 | 83
"Bg | +729465 | +728331 | ‘729197 | -730063 | 430929 | ‘731795 | 732661 | -733527 | -734393 | 735259 | -B4
"85 | +736126 | +736992 | +737858 | +738724 | 739500 | +740456 | +741322 | 742188 | -743054 | 743920 | *85

*B6 | 744780 | 745652 | +746518 | 747384 | 748250 | 749116 | 740982 | 750848 | «y51714 | +752580 | +86
8y | *753446 | -754312 758198 | 756044 | +756910 | 757776 | +758042 | +7589508 | -460374 | +761240 | -8B
*B8 | 762106 | -762972 | 763838 | 764704 | 768571 | 706437 | -767303 | -768169 | +y69035 | -769g01 | -8B
*Bg | +770767 | ~791633 | 772490 ! -773365 | 774231 | 775007 | 775963 | +776829 [ 777695 | -778561 | By
‘90 | 779427 | +780393 | *781159 | +782025 | 482891 | 983757 | +784623 | 795480 | -986355 | -787221( *go

‘91 | +788087 | -788953 | 789819 | 790685 | +9grsRr | ‘792417 | 703283 | 704150 | -y05016 [ <708B821 «qr
92 | 796748 | 797614 | +798480 | 709346 | <Booz212 | -Bo1oy8 | -Fo1g4q | -Bo2810| Bo3676 | Bo4542 | 92
*93 | *Bos4d8 | -Bobayy | -Boyr40 Bogoob <BoBBYy2 | +Bogy3s | -Biobog | -8rrgyo| -Bi2336 | -B13302 | +93
‘94 [ 814068 | ‘Brg934 | -B15800 | -816666 ‘8B1y532 | -818398 | 'B19264 | +B20130 [ -B20096 | -B21862( ‘94
"95 | ‘822729 | +B33595 | -Bag4br | 'B2832% | 826193 | -Bzy0%g | -8ajg25 | +BzByg1 | -B2g057 | -B30823 | g5

*96 '33'3§9 832285 | -833vr21 | ‘833087 | 834853 835719 | 836585 | 837451 | 838317 | ‘B3g183 | 96
197 | ‘840049 | -Biogis | +Ba17Br | -B42647 | 843313 'B44370 | -Basags | 846117 | -B46077 | -Ba7he3 ) -9y
98 | -B48769 849875 | *Bsoqq1 | *B51307 | +B52174| -B53040 | -B53006 | -Bsgyyz | +B556038 | -Bsbsoy | 98
'22 'ggz3;° 858236 | 859102 | *B59g68 | -B60834 | 861700 | <B6OIS6H | <B63432 | -HO4298 | -B6s104| 99
886030 . [-00

i et e
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Caarp, 1] Tae TibEs
TaBLE XI.—Products of S; x +001 up to S; x 1:000.
. (o} -
S, = sin 75° = +96593.
No.| coo0o *001 1003 *003 *004 1003 'cob *00y +008 ‘009 {No.
. i - - -
+00 | +000900 | 000966 | ‘001932 | *002898 | +003864 | ‘004830 | ‘008796 | +006762 [ +007727 | *00B63g | *o0
*o1 | 009639 | *or0b2§ ‘or1591 | +012557 | ~013523 | *o14489 | -015§455 | 016421 | *017387 | -o18353 | ‘o1
*02 | *019319 | *020285 | 021250 | 032216 | 023182 | ‘024148 -025114| *026080| 027046 | 028032 | ‘02
-03 | 028978 | -029044 | ‘030910 . -031876 | -032842 | +033808 034773 [ ‘035739 ( ‘030708 | 037671 | 03
04 | +038037 | *039b03 | ‘040560 ‘041533 ] ‘042501 | 043467 | '044433 | '045300 | 046365 | -qq7331 | ‘04
‘05 | 049297 | *049262 | 050228 | -oS1194 | ‘052160 | ‘053126 054092 | ‘055058 | 056024 056990 05
06 | -0:7036 | +0358022 | -059988] ‘060854 | *061820 | 062785 | 063751 | 064717 | *065683 | .066649 | '06
s07 | -067615 | 038581 | -0bg547 | "0JO5I13 | 071479 | 072445 | *07341% | ‘074377 | 075343 046308 | ‘07
+o8 | -077274 | r078240 [ +079206 | ‘0Boty2 | 0oB1138 | ‘082104 | ‘083070 | ‘084036 | *oBs002" 085968 08
‘09 | +oB6934 | -0B7900 | -0HB866 | ‘0BgB31 | 050797 | 091763 | r002729 | 093695 | 094661 | -0gs627 | '©9
10 | +096593 | "097539 | "09B535 | ‘000491 | 100457 | "101423 | *102389 | "103355 . 104320 | 105286 | *10
<11 | +106252 | *107218 ] 108184 | ‘100150 | *110116 | +11103%| 112048 | *113014 | "113980 | .114946 | 11
‘13 | *115912 | “1168y8 | 117843 | ‘118809 | *119775| 120741 | 121707 | 122673 | -123639 124605 | '12
<13 | c133871 | -126537 | c127503 | 128469 | -1204335| 130401 | -131366 | 132332 | 133208  .134264 | "13
‘14 | 138230 | 136106 | 137162 | *138128 | <130004 | ‘140000 | *141026 [ ‘141992 | 142958 | 143924 | "14
15 | +144890 | 145855 | 146821 ~147787 | 148753 [ 149719 150685 | 151651 | "152617 | -1g3583 | 15
10 | c154549 | 153313 (156481 187447 | c158413 | 159378 | -160344 | *161310 | ‘162276 163242 *16
*17 | 164208 | +165174 | 166130 | <167106 | 168072 | 169038 | -170004 | *170970 | ‘191936 | 172901 | 1]
<18 | -173867 | 174833 | -178700 | 1176765 | 197731 | <178697 | 179663 | *180b2g | *181505 | 182861 | *18
19 | +183527 | *184403 | ‘183450 | 186424 | 187390 | - 188356 | -1Bg322 | *190288 ‘191284 | 192220 '19
*20 | +193186 | ‘194132 | 195118 | 196084 | 197050 | *198016 | 198982 | *199948 | -200913 | - 201879 | "2
*21 | -202845 ! -203811 | +204777 | *305743 | 206709 | ‘207675 | -208641 | 20960y | 210873 | -311539 | "
32 | +212508( ‘313471 | *214436 1 *215402 [ +216368 | *217334 | -218300 | +219266 | ‘220232 | -221198 | ‘22
*33 1 +222164 | 223130 | *324006 | "225063 | +226028 | *226994 | 229950 | ‘228925 -229891 | -230857 | °23
*a4 | +231823| -232980 | -233753 | *334721 | -235687 | -236653 | -237619 | 238585 | ‘239551 [ -ag0517 | *24
35 | -241483 | 242448 | 243474 | 244380 | -245346 | 1246312 | 247278 | *24B244 | 240210 | -250176 | *25
*26 | -251143 | 352108 | -253074 | 254040 | 255006 | *235971 | -256937 | 357903 | 258869 | +2598353 -16
-27 | -260801 | +261767 | 2623733 | *263699 | -264665 | -265031 | -3B650y | 364363 | -268529 | -260494 | °37
-38 [ -2j0460 | -271426| -372302 | -373358 | 274324 | -273990 | -276256 | 377222 | -278188 | 279154 | ‘28
*39 | +180120| -aB1086 | -282052 | *2B301y | -283983 | *3B4949 | 285915 | 286881 | 287847 | -288813 | *39
*30 | +289779 | *290745 | 291711 | 2092677 | 203643 | ‘294609 | 295575 2906541 | ‘297806 | -298473 | "3°
*31 | -299438 | -300404 | *301370 | 302336 | -303302 [ *304268 | 305234 | *306200 | *307166 | <308132 | ‘3!
*32 | +300098 | ‘310064 | ‘311039 | ‘311998 | -312961 | *313927 | 314803 | *3158g | -3168a5 | -317791 | ‘32
*33 | *318757 | -319723 | -320680 | *321655 | -322621 | -333587 | +324532 | 335518 | +336484 | -337450( *33
34 | *328416 | -320383 | +330348 | *331314( 332280 | 333246 | ‘334212 | -335198 | 1336144 | -337110 | 34
"38 | +338076 | *339041 - 340007 | *340973 | 341930 | *342005 | 343871 | +344837 | 345803 | 346769 | "3S
*36 | 347335 -3487OIf *349667 | 350633 | 351599 | -332564 | -353530 | *354496 | -3§5463 | +356428 | *36
"33 ] *3%1304 | "338360 | +359326 ) -360292 | 361258 | -362234| 363190 | 364156 | +365123 | 366087 *31
"38 | +367053 | *36Borg | -36898s | -3699s1 | -370917 | 371883 | 373849 | +373815 | -374781 | 375747 | 138
*30 [ -a76713 | 377679 | -378645 | -379610 | -3Bogy6 | -381542 | +382808 | +3B3474 | -3B444> | +385496 ) °30
‘40 | +386372 '3373332 348304 | +380370 | -390236 | *391202 | -392168 | *393134 | - 394099 [ - 395063 | *4°
41 | 396031 | +396)97 | *107963 [ 398929 | 390805 | ‘400861 | -401827 | ‘402793 | 403759 | *404728 | ‘4
43 | 408601 | 406657 [ -407622 | - 4oBIBA | - 400854 | ‘410820 | 411486 | ‘412482 | 1413418 [ 1474384 [ '4?
*43 | “4153% | 416316 | 417282 418248 | 419214 | 430180 | 421148 | ‘423171 | 433097 | "424043 *43
"4 | -425000 | 435078 | -436941 | -437907 | -428873| -429B39 | 430805 | 431771 | 433737 | 433703 ‘M4
“45 | +434669 | -438034 | 436600 | 437366 | -43B332 | *430498 | 440464 | 441430 | 442306 | <443361 | 4%
46 | -444328 | 445204 | -446260 | +447226 | 448102 449157 | 450123 | “451080 | 432055 | -483001 | *45
-47 | ©483987 | 454953 | 485910 | -456885 | 457851 | 438817 | -459783 | +46074q | +461715 | 402680 | *47
*4B | 463046 | 404612 | 465878 | 466544 | 467510 | *46B476 | -460442 | *470408 | 471374 | *472340 48
49 473306 | 1474272 | 475938 | -476203 | -477169 1 478135 | -479101 | *480067 | 481033 | <4B1gq | ‘49
S0 482965 | 483031 | 484807 | - 485863 -4868:9‘ 487795 | 488761 | 489727 -490691‘ +491658 | *50




123

CHAP. L.]

THEORY AND (COMPUTATION

TasrLe XI.—Products of S; x 001 up to S, x 1:000.

S, = sin 75° = +96593.

No.| o000 001 +002 1003 *004 +09§ +006 ‘coy +008 scog |No.
S0 | *4B2965 | *483931 | 484897 | -485863 | *486829 | 487795 | 488761 | +489727 | <490692 [ -491658 | - 50
*51 | *492624 | *493500 | 494556 | *405522 | *496488 | 497454 | 498420 | *499386 | -500352 [ -501318 | <51
*52 | +502284 [ -503250 | -504215 | 505181 | 506147 | *507113 [ *508B079 | *509045 | *s10011 | *S1097Y | * 52
*53 | *S11043 | *512909 | *513875 [ *514841 | +51580y | 516773 | +517738 | 518704 | 519670 | +520636 | 53
*54 | +521602 | +522568 | 523534 | +524500 [ +525466 | 526432 | *527398 | *528364 | *520330 | °530296 | - <4
*55 | +531262 | +532227} +533193 [ 534159 | *535125 | 536091 | +537057 | *538023 | -=3898g | 539955 | 55
*56 | *540921 | +541887 | +542853 ) +543810 | 544785 | 545750 [ *546716 | +547682 | +548648 | - 549614 | 56
57 | *550580 | 551546 | *552512 | *553478 | 554444 | *555410 | +556376 | *557342 | 558508 | 550373 '57
*58 | +560239 | *561205 | +562171 | +563137 | 564103 | +505069 | -566035 | * 567001 | -567967 | 568933 | <58
*59 | *569899 | 570865 | -571831 | 572796 | +593762 574728 | 575694 | +570660 | +577626 | -578592 | <59
60 | +579558 | *580524 | -5B1490 | -5B2456 | -583422 | -584388 | -585354 | -586320 | +587285 | +588251 | 6o
61 | 1589217 | +5Q01B3 [ -59114Q | *592115 | +5930B1 | ‘594047 | 595013 | 595979 | *596945 | <597911 | *61
62 | +508877 [ *599843 | *000B0B | 601774 [ *602740 | 603706 [ +604672 | * 605638 | <6o6bog | *6o7570 | *62
*63 | +608536 | +60gso2 | +610468 | -611434 | 612400 | 613360 | -614331 | 615297 | *616263 | 617329 | +63
64 | +618195 | 619161 | -620127 | +621093 | *622059 | 623025 | -623991 | +624937 | -625923 | <626889 | +64
*65 | +629855 [ -628820 | -629786 | 630752 | +631718 | +632084 | 633650 | +634616 | -635582 | 1636548 <65
*66 | +637514 | 638480 | 630446 | +640412) 641378 | +642343 | 043309 | -644275 | -G45241 | 646207 | +06
*67 | *647173 | 648139 ) +649105] 650071 | 651037 | +652003 | +65296Q | 653933 | 654901 | 655866 | 67
68 | 656832 | <657798 | 658764 | -659730 | 660096 | +661662 | 662628 | 663594 | *664560 | 665526 [ <68
69 | 666492 | -607458 | -668424 | 669389 | +670355 | 671321 | 672287 | -0673253 | <674219 | +6753185 | *0g
*q0 | +676181 | 677117 | 678083 | +679049 | 680015 | 680981 | 681947 | 682913 | 683878 | 684844 [ 70
*71 [ +68s810 | 686776 | 687742 | 688708 | 689674 | *695640 | 691606 | 692572 | 693538 | ‘694504 | *71
92 | *695470 [ +696436 | -697401 | -69B367 | 699333 | *700209 | +701268 | 702231 | +703197 | 704163 | 72
*73 | 705129 | <706095 | 707061 | -40Boz7 | -708993 | *709959 | 710924 | *7118g0 | 712856 [ +713822 | *73
74 | +714788 | «715754 | 716720 | 717686 | -718652 | +719618 | 720384 | *721850 | +y22516 | 723483 | ‘74
IS | 724448 | 725413 +726379 | 727345 | 728311 | -720277 | +730243 | 731209 [ +732175 | +733141 | 15
*76 | *734107 735073 | +736039 . +737005 | *737971 | *738936 [ +739902 | 740868 | 741834 | +943800 | 76
77| +743766 | 1744732 | -745603 | 746664 | +747630 | +748590 | +749562 | 750328 | <y51404 | 752450 | *77
*78 | +783425 | 754391 | +755357 | 756323 | 757289 | 758255 | +759221 | 760187 | 761153 | *762119 | 7B
79 | +763085 | +764051 | 465017 | - 765952 | +766948 | 767914 | 768880 | +769946 | 970812 | +971778 | 79
‘8o | +772744 | *773710 | +774676 | 775042 | +776008 | 777574 | *778540 | +779506 | ~7Bogyr | 781437 | ‘8o
*81 | 782403 | -783369 | <984335 | +7B3301 | 786267 | -787233 | 788199 | 789165 | -7go131 | +791097 | -8
"B | 792063 | +793020 | +793994 | 704960 | 795926 | 706892 | -7978s8 | -799824 | 799790 | +Booys6 | -B2
83 | +Borya2| +802688 | +Bo3634 | -Bogbh20 | -BossHo | ‘806352 | -Boysiy | -808483 | -Boggqg | ‘Biogrs | -83
*84 | +B11381| -B11347 | +B13313 ‘814279 | +Bi§248 | 816211 | +8c7177 | +BiB143 | +Bigiog | *Ba0075 | -84
-85 | +B2togr | -822000 | -B22972 823938 | +B24904 | *B25870 | 826836 | 827802 | -828768 | -819734 | 'Bs
*86 | -B30700 | 831666 | 832632 | 833508 | 834564 | 835539 | 836495 | -B37461 | 838477 | -B30393 | 86
"By | +B40359 | -B41325 | +842201 | 843257 | ‘B4q223 | +84518g | +B46155 | 847121 | -B48087 | 849052 [ -By
‘88 | +Bgoo1B ) *850084 | -B51gs0 | -B52016 | B3B8z | -B54848 | -B5s814 | -B56780 | -B5y746 | -B58y12 | -88
89 | +85g678 | +B60b4q | 861610 | 862575 +863541 | 864507 | +865473 | 866439 | -867405 | 868371 | -89
9o | +869337 | *870303 | 871269 | +B72235| 873201 | 874167 | -875133 | -8760g9g | 877064 | *878030 | <90
‘91 | .878996 | +879962 | 880928 | -8818g4 | -BB2860 | 883826 | 884702 | -885758 | -886%24 | ‘887690 | g1
*93 | -888056 | -BB89632 | -BgosBy | -891553 | -Bg2519 | *B9348s [ Bog451 | -Bosq1y | -896383 [ 897349 | 02
‘93 | *89B315 ! *BggaBi | -gooa47 | -go1213 | +goaiyg ! *go3145 | gogito | -goso76 [ -gobogz = -gojool | -93
*94 | *907974 | *9o8g40 | 909906 | -groBy2 | +911838 | -gr28o4 [ 1913770 | 914736 | +Q1§y02 | 16668 | -9z
‘95 | *917634 | -918599 | 919565 | 920831 | 921497 | *922463 | +923429 | 924305 | :925361 | +926327 | ‘gr
‘96 | -927293 | 928359 | -gag2as +g30191 | *g31187 | *032122 | 933098 | *934054 | ‘935020 | <935986 | -gf
‘97 | +036952 | 937018 | +938884 [ ‘939850 | +940B16 | 941782 | 042745 | 1043744 | *944680 | 945645 | 97

98 | +946611| 949577 | 048543 '949503 050475 | "951441 | 052407 | *0$3373 | 984339 | '955305 | -¢8
l'gg 'gé:’?l 957237 | *958203 | +959168 | -gbo134 | *9b1100 | <962066 | 1963032 | :963998 | ‘964964 | <99
. -965930 1-00
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CaaAPr, L] THE TipEs

TabLe XII.—Natural Numbers to three places of Decimals cor-
responding to Logarithms with Indices 6, 7 and 8.

Logarithms with Index 6 or 4

Logarithms with Index 7 or 3

Natural No. i
Nsl,},l;rll to 3 places Logarithms
. of Decimals
00000 . ’ * 0000000
00050 _gg? *698g700
00099 I 9999999

Nat. No. ‘ Nat. No. Nat. No.
Nat., | to 3 places Loga- Nat. | to 3 places Loga- |1 Nat, | to 3 places Loga- ~
No. of Deci- rithms No. of Deci- rithms |, No. of Deci- rithms
mals ! mals i mals
{
]
+0010 «oot 0000000 | 0045 +008 +6532125 || ro008% *009 *204189.
*0018 “o0z *1760913 | 0053 ~o0 +7403627 || o095 *010 *9777336
*co2§ -003 *3970400 (| *cobs ‘007 *B120134 | +00g9 *9999999
003§ v004 *$440680 || 0075 .00 -8750613 |:
*0045 +653a125 || 0083 +9294189 |'
Logarithms with Index 8 or 2.
= o4 . - <
) m‘g m’a .
I3 2% 28 9
Nat. | 643 Loga- Nat. &3 Loga.- Nat. | © s Loga- Nat. | ¢35 Loga-
No. | & o | rithms. || No. | Zs | rithms. || No. 7i& | rithme. || No. | Ze | rithms.
3 3 Hg 4
g g “ 4
[=] -9 B [-1)
so100 | +0000000 || *0328 | | 5118834 || c0583 | 7442030 |[ o785 | +Bg48697
w3105 | 019 0211893 || +0335 | 933 | 5250448 | -0568 .226 +7520484 || ~o795 | 939 | +goo36r1
*ot11§ o2 *0606978 || *0345 _03‘; +5378191 || ro0373 o g 7596678 || +o8os 081 *gos79%9
wo135 | (017 | ~ogbgioo (| 0355 | (332 | «g50aady || o585 | (25| 7671559 || -oBrs | [Jg, | -orr1st0
*o135 ‘o134 *1303338 [ 0363 ,037 5622929 || *0593 ,062 *74745170 || r0828 -083 9164539
rorgs | 0,2 | +1613680 11 o375 | (O30 | 5740313 | obos | 007 | 7Biyssy (| -oB3s | ,ogy | r9210808
ro13s | o8 | c1903317 || 0385 | (03| .sBsybo7 || ~obrs | (o1 | -7888751 || <0845 | . ogg | "9268567
165 | 1, | car74B3g || 0395 | (039 | 596871 || +0625 | 067 | 79sBBoo || +oBss | ogg | 9319661
o178 | 018 | “2430380|| rog05 | 4% | Goysssoll o635 | [0¢3 | -Boapysy || -o86s o8 +9370161
*o18% ‘019 *2071719 || *0415 _04’ +6180481 || 0645 -064 8095597 || 0893 .088 + 9430081
ro198 | 03 | »3900346 || ‘0425 | 247 | .62838Bg || 0655 | OG5 | -Br6asrs|| o885 | 2g) | 19460433
0308 |, 1| *3117839) r0435 _043 *6384803 || 0665 | | ¢ | +8228216 1| +0Bg5 | oo +g518230
woats | 000 | +332438s || coaas | 1244 | 6483600 || w0675 | 3¢k | 8203038 || -ogos 091 +9566486
+0235 ‘013 +3521825 (| 04585 .043 +6580114 || 0685 | p -8346906 || *0913 002 +gb14a11
10235 | o0 | *3710679 || c046s | P41 6674530 (| -0Gos | 1079 | +B419848 || 0925 -og3 | 1966141
*0248 <018 *3891661 || 0475 -o4g 167606936 || :o705 _27? +8481891 || +0035 | +g708116
0158 | | 16 | 4905402 <0485 .04 6857417 (] coy18 | 7’ 8543060 || *0945 .09; +9754318
+0268 027 | (4333459 | 0495 _o‘;g +69460382 || oy28 .°7 -8603380 | *0955 .036 +gB00034
10275 | 528 | 14303327 (| -oSos | OSV| -y032914]| 0735 "073 | .8661873 || 0965 -007 *9845273
+0285 -019 "4348449 || o515 | 5| +7118073]| <0745 '°74 8721563 [ r0975 | . 98 . 9“36
*019§ 030 *4698220 || ‘0515 -og *7201593 || +0¥55 _°7g 8779470 || <0985 .399 *9934302
10305 | oq; | "4843998 || -0535 _“3 +7283338 | -0%635 _°; -8836614 || +ogos ,,g,, +9g78231
‘0315 | j1a ] 49831061 0845 -o's§ +7363965 || 0775 .°7s73 +8893017 || +0999 "9999999
*0325 *5118834 || -o05585 7442930 || -o785 | °° +89486097
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TasLE XIII.—Values of N (Longitude of Moon’s Ascending Node)

for 0 hour Greenwich Mean time, January 1.

Value on 0 hour G. M. T., January 1st, 18B0=285°+956863.
Motion per Julian year in 1880=19°-34146248,
Motion for 365 dayy=19°-32822387 and [or one day=0°-062954.

Year N Year N Year N Year N
o o o -]

1850 146-1745 1875 22+6509 1900 2591274 1925 | 1856082
51 1268462 76 3-3227 o1 239°7995 26 116-2801
52 107°5180 |f - 71 3439415 o2 2204713 29 969519
53 88-1368 78 324-0133 o3 2011431 28 77-6237
54 688086 49 3052851 04 1818148 29 582426

1855 494803 1880 285+9569 1905 1624337 1930 389144
56 30+1521 81 266-5757 o6 14341055 a1 196853
57 10+7709 82 2472475 oy 1237713 . 32 02581
58 351°4427 83 2279192 o8 104-4490 33 | 340-8770
59 332°1144 84 208-5910 <9 85-0079 34 | 391-6488

1860 31247862 1883 189+ 2008 1910 657397 1035 | 302-29806
61 2034050 86 1698816 1 46-4115 36 | 282.8925
62 2740768 87 15075534 12 27-0833 37| 263:5113
63 2547486 88 131-2252 13 74021 38 | 244-1832
64 235°4203 8¢ 1118440 T4 348-3739 39 | 224-8560

1865 216-0391 1890 92-5158 191§ 32010457 1940 [ 205-5268
66 1967109 91 731876 10 3097155 41 186+ 1457
67 1773827 92 538593 17 290°3363 42 | 166-8176
68 15810544 93 34°44982 18 2710081 43 | 1474894
69 138:6733 94 1§:1500 19 2516799 44 | 128:1612

18%0 119° 3450 1895 3558219 1920 232-351% 1945 | 1087801
91 100-0168 96 336°4935 21 212°9%05§ 46 89:4519
"2 80-6886 97 3141124 22 1936423 47 70+1238
3 613074 o8 297841 23 174°3141 48 50+7956
74 410792 99 2784559 24 1564+9394 49 31-41456

- The values from 1924 onwards degend on the new formula in para 93, They are shown in italica in
Table XIII.

The values for January 1 computed by the new formula were in excess of those published in the
old edition of the table by 0-0034 in 1023 and 0:0042 in 1049.

The tabular values were nccordingly corrected by interpolation from the nbove to the new values,
T'he values may be also obtained from the N. Almanac which will usually be available in time for
any particular year’s computations.

TasLe XIV.—Showing the Decrement of N (Longitude of
Moon’s Ascending Node) since 0 hour January 1 up to Midnight of

each Day throughout the Year.

Daily Motion=0°-05205892220 (ncw valuc.)
In Leap yenrs for nll dates after February 28— March 1, use a mean value between the particular doy
aud the day following.

Date | Decre. || Date | Decre. 1 Date | Decre. || Date | Decre. | Date | Decre. || Date | Decre.
Jan. ° JAN. ° JAN, ° JaN, ° Fen. ° FeB. °

t=—2| o0r0265 [ 11-12 0-53560 || 21-22 1°0856 || 31-32 1-6151 9-10 2-0917 ([ 19-20 26212
2—3| o0°0794 || 12-13 o-6ogo || 22-23 1-1385 || FEB. to-11 2+1446 || 20-21 2-6742
3—4] o'1334 (| 13-14 | ©:06619 || 23-24 1°1971§ 1—2 | 16680 ([ 1112 | 2-1976 || 21-22 | 2-y271
4—5| 01853 || 14-15 | o:7149 || 24-25 1°2444 2—3 | 1+7210]| 12-13 | 2-2508 || 22-23 | 2°%8o1
§5—6] ©0:2383 || 1516 | 07678 || 2536 | 1:2g74 || 3-4| t-7r40 || 13-14 | z:3035| 23-24 | 2°B330
6-7| o-2012 16-1% 0-8208 (| 26-27 1°350)3 4—5 1-8269 '| 14-i5 2-3565 || 24-28 28860
7—3 ©0°3443 || 17-18 | o-By37 |} 27-28 | 1°4033 (| 5—6 1-8799 | 15-16 | 2-4004 | 25-26 | 2°938¢
8-81 o-3972 || 18-19 | o-9267 || 28-29 | 14362 || 6—7| 1:9328 | 16-17 | 2:4624 26-27 | 2-9919
9—10| o-4501 || 19-20 0:9797 || 29-30 15002 7—8( 1p8s8 | 17-18 2:5183 [ 27-28 | 3°0449
'°—[L_9;5931 20-21 1°0326 il 30-31 1-8621 8-9| 2-0387 | 18-19 2:5683 || 28-29 30978

N.B.—In Table X1V. The middle of the year of olservations will occur at noon or midnight
M&!ordi_ng a8 the 30th February is included in the period of observations or not. 1f the midnight falle on
8 date in a common year, or before the 20th February in a lewp year, then the Decrement for NN as givbn
;:kthe Table is correct: if, however, the midnight fuils after the 20th February in a leap year, then

e the vnlue as that given for the succeeding date in the Table.
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TasLe XIV.—Showing the Decrement of & (Longitude of Moon’s

Ascending Node) since 0 hour January 1 up to Midnight of each
Day throughout the year—(continued).

Daily Motion = 0°:05295392220 (new value),
In Leap Years for all dates after February 28—March 1, use a mean value between the particular
day and the day following.

Date | Decre. || Date | Decre.
Mar. ° APR, °
I- 2 3°1508 || 22-23 579044
2- 3 3+2037 |j 23-24 5°9573
3 4 3+2567 |{ 24-25 6+0103
4- 5| 3-3096 | 25-26 | 6-0632
§- 6! 3-3626 | 26-27 | 6:1162
6-7 | 3-4155| 27-28 | 6-1691
7- 8| 3:4685 || 28-29 | 6-2221
8-9 | 3°5214 || 20-30 | 6-2750
9-10 | 135744 || 30-31 63280
10-11 3-6273 |[ Mavy.
11-12 | 3-6803 1- 2 6+3809
12-13 347333 2 3 64339
1314 | 3-7862 )| 3- 4 | 64869
1415 | 3-8392 || 4- 5| 6-5208
15-16 3+8921 5- 6 6:5928
16-17 | 39481 || 6- 7 | 6:6437
17-18 3-9980 ¥-8 6-698%
iB-1g | 4°03I0 B-9 | 67516
19-20 | 4°1039 g-10 [ 6:8o4h
2021 | 4°1569 || 10-11 6-8575
21-23 4420098 [ r1-12 6-9105
22.23 | 4-2628 || 12-13 | 6-.9634
23-24 4°3157 || 13-14 7+0164
24-25 | 4°3687 || 14-15 | 7-0593
25-26 44217 || 15-16 7+1223
26-27 | 4:4746 | 1617 [ 71753
27-28 | 4°:296 || 1718 | 74-2282
28-29 | 4-+5805 |[ 18-19 | 72812
29-30 | 4°6335 {| 19-20 | 73341
30-31 46804 || 20.21 7+3871
31-32 | 4°7394 || 2122 | 9-4400
AFR, 22-23 7v4930
1- 2 | 4°7923 || 23-24 | 7-3459
2- 3] 4°8453 || 24-35 | 7-50%9
3 4 4°8982 || 25-20 76318
4- 5| 4-9512 | 26-27 [ 7-7048
§- 6 | s5-0041 | 27-28 | %-7577
6- 7 5-0871 || 28-29 7-8107
7- 8 [ s-1tov (| 29-30 | 7-8637
8- 9 5-1630 || 30-31 7:9166
9-10 | S§:2160 || 31-32 79696
10-11 5+2689 || JUNE
11-12 §+3219 1- 3 8+0223
12-13 | $:348 || 2-3 | 80955
1314 | 5°4278 || 3- 4| 8:1284
14-18 | 5°4807 || 4 5| B-1814
15-16 | 55337 5-6 | 82343
16-17 §+5806 6- 7 8-28173
17-18 §+6396 7-8 8+ 3402
18-19 5:692% 8-9 | 8-3932
19-30 | 5°7455 || g-10 | 8-4402
20-11 8°7985 || 10-11 8.4991
31-22 §Bs14 || 11-12 85521

Decre, || Date| Decre. || Date | Decre.|| Date | Decre.
° Avac. ° SEPT. ° Nov. °

8:6050 || 2- 3 | 113057 || 23-2¢4 | 1479393 || 13-14 | 16:76g9
8:6580 || 3- 4 | 113586 || 24-28 | 14*1122 || 14-15 | 16+8129
8:7109 || 4- 5 | 114116 || 25-26 | 14°1652 || 15-16 | 16-8658
87639 || 5- 6 | 11:4645 || 26-29 | 14°2181 || 16-17 | 16-9188
8:8168 || 6- 7 | r1-51%5 || 27-28 | r4-2y11 || 1918 | 16-971%
B-8698 |l 7- B | 11-5704 || 28-29 | 14-3240 || 1B-19 | 17-02¢47
8:9227 || 8- 9 | 11+6234 || 29-30 | 14°37%70 || 19-20 | 17°07%6
8-9757 || 9-10 | 11°6763 || 30-31 | 14°4299 || 20-21 | 17+1306
9-0286 (|10-11 | 11-9293 || Lct. 21-22 | 171838
90816 ||I1-12 | 11°4822 1- 2 | 14°4829 || 22-33 | 17°2365
9-1346 ||12-13 | 11+8352 2- 3 | 14°5350 || 23-24 | 17+2898
91875 [|v3-14 | 11-8882 3- 4 | 145888 || 24-25 | 17-3424
9'2403 [|14.15 | 119411 4- 5 | 14°6418 1. 25-26 } 17-3954
9°2934 [[15-16 | 11-9041 || 5- 6 | 14°6947 || 20-27 | 17°4483
9°3464 ||16-17 | 120470 1| 6- 7 | 14°7477 || 27°28 | 17°5013
9°3993 [|17-18 | 121000 7- 8 | 14+8006 || 28B-29 [ 175542
9+4523 ||18-19 | 12: 1529 8- g | 14°8536 |[ 29 30 | 17:6072
9°5052 ||19-20 | 12°2059 9-10 | 14+9ob3 [| 30-31 | 176601
9:5582 [|20-21 | 12-2588 || 10-11 | 14°9595 || DEC

21-22 [ 12:3018 || 11-12 | 150124 I- 2 | 177131
9°6111 ([22-23 | 12-3047 || 12-13 | 15-0634 2- 3 | 174660
9:6641 ||23-24 | 1274177 || 13-14 | 15° 1183 3- 4 | 178190
9+7170 ||124-25 | 12:4706 || 14-15 | 15-1713 || 4- 5 | 17°8719
9°7700 |((25-26 ( 12-5236 (| 15-16 | 15-2243 5- 6 | 17°9249
9'8230 ||26-27 | 12-5766 || 16-19 | 15-2772 6- 7 | 17°97179
98759 [|27-28 | 12-6295 || 17-18 | 15-3302 7- 8 | 18-0308
9-9289 |[28-29 | 12:6825 || 18-19 | 15-3831 8. 9 | 18-0838
09818 [|20-30 | 12:7354 19-20 | 13+4301 g-10 | 18:1367
100348 ||30-31 | 12-78B4 || 20-21 | 15:4890 || 10-11 | 18:189%
10°0877 ||31-32 | 12:8413 || 21-22 | 15-3420 || 11-12 [ 1B-2426
10- 1407 ||SEPT. 22-23 | 133049 || 12-13 | 18-2956
10°1936 || 1- 2 | 12:8043 || 23-24 | 156479 || 13-14 | 18-3488
10°2466 || 2- 3 | 12:9472 || 24-25 | 15-7008 || 14-15 | 18:4015
1002995 || 3- 4 | 13°0002 || 25-26 | 15-7838 || 135-16 | 18°4544
10°3528 || 4- § | 13°0831 |l 26-29 | 158067 || 16-17 | 18-5074
104054 || §- 6 | 13-1061 || 27-28 | 15:8597 || 17-18 | 18-5003
10°4584 [} 6- 7 [ 13°1500 || 28-29 | 15-9127 || 1B-19 | 18-6133
1o-3114 || 7- B | 13-2120 || 29-30 | 159656 || 19-20 | 18:6663
10°5643 || B- 9 | 13-2650 || 30-31 | 16:0186 || 20-21 | 18:7192
10°6173 || 9-10 | 13°3179 {| 31-32 [ 16:0715 || 21-22 | 18-7732
10-6702 ({10-t1 | 13°3709 (| Nov. 22.23 | 188251
10:7233 ||11-12 | 13-4238 1- 2 | 161248 || 23-24 | 188781
10-7961 ||12-13 | 13:4768 2- 3 | 16:1774 || 24-25 | 18-9310
10-B291 |[13-14 | 13-5297 || 3. 3 | 16-2304 || 25-26 | 18-9840
10+8820 |[14-15 | 13-5827 4- 5 | 16-2833 || 26-27 | 19-0369
10°9350 |{15-16 | 13-6336 || - 6 | 16-3363 (| 27-28 | 19'0899
10°9%79 |{16-17 | 13-6889 6- 7 | 16-3892 || 28-29 | 19-1428
t1-0409 {|19-18 | 13:7415 || - 8 | 16-4422 || 29-30 | 191958
11-0938 [118-19 | 13:7945 || 8- o | 16-4951 || 30-31 | 19+2488
11+1468 |[19-20 | 13:8475 g-10 | 16-3481 || 31-32 | 19°3017
11-1998 |(20-21 | 13-9004 || 10-11 | 16-6011

31-22 | 13°9534 || t1-12 | 16-6540
11+2527 |[23-23 | 14-0063 || 12-13 | 16-7070

”»
If the noon falls in a common year or before the 20th February, in a leap year, the value to he
taken from the Table is the mean between the preceding and succeeding midnights ; but if the noon falle

n.!ter the 20th February in a leap yeur, the menn between the values for the fwo midnights immedsi-
ately following is to te taken,
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TaBLe XV.—Values of p, (Mean Longitude of Solar Perigee) for
0 hour, January 1.

7, for 0 hour, January 1, 1880=280°-874802.
Motion per Julian year=0°-01710693.
Motion for 365 days=0°:01709295,

Yenr ” ’ Year " Year [ Year P
I
o o o o
1850 2803614 1845 280+ %7892 1900 2812171 1925 2816506
g1 +3785 76 +8063 o1 12342 26 *6678
52 *3056 77 8238 o2 *2813 27 * 6850
53 *412§ i 78 +8406 o3 - +2684 28 *T021
54 4299 |; 70 *8577 o4 ! -2855 29 <7194
55 *4470 | 1880 +8748 o5 | 3027 1930 * 7366
56 + 4641 81 *8920 06 ! +3198 31 « 7538
57 <4812 82 *gogt oy +3369 32 = 7709
58 *4983 83 +9262 o8 *3540 33 *7882
59 <8154 84 *9431 o9 *3711 34 <8054
1860 *5325 83 +g6o4 1910 +3882 35 +8225
61 *5497 86 9778 1 * 4054 36 -8397
62 +3668 8y +9046 12 *4228 37 8570
63 <5839 88 2810117 13 *4396 38 <8741
64 +6o10 89 +028¢ 14 <4567 39 +8913
65 +6181 1890 <0460 15 <4738 1940 +9081
66 *6352 91 +0031 16 +4909 41 <9967
64 <6523 92 <0802 17 +5081 42 + 9429
68 +6694 93 0973 18 *5282 43 *9602
69 +68606 94 1144 Ig 5423 44 9773
1870 *7037 95 *1318 1920 *58504 45 9945
gt +9208 96 + 1488 21 15966 46 2820117
72 *7379 97 1058 22 *5937 47 *0290
73 *7550 98 +1829 23 *6108 48 *0461
74 9721 99 * 2000 24 +6335 49 *0634

The values from 1924 onwards depend on the new formula in para 95,

in Table XV,

They are shown in italics

. '.I‘he values for Jan. 1at computed by the new formula were in excess of those published in the old
edition of the table by ¢+0055 in 1923, 0-0064 in 1936 and 0-0075 in 1949,

The tabular values were accordingly corrected by interpolation from the above to the new values.

These values may also be obtained from thie N. Almanac which will usually be available in time for
any particular year's computations.

TaBLE XVI.—Increment of p, since 0 hour, January 1, for certain
Days of the Year.

Motion for 1 day =0°-00004706845 (new formula).

Date Increment ' Dnte Increment Date Increment Date Increment
o o o o

Jan, 1o 0°00042 Apr. 10 0°004064 July. o o+00B83 Oct. ] 0°01307
" 0 *ocollg " 20 00310 ” 19 *00033 " 17 *01353
30 *00130 ’ 30 +00557 »w 29 *00979 v 2] “o1400
Feb. ¢ +0o183 Mny 10 +00604 Aug. 8 s01926 Nov, 6 ‘01447
" 19 100229 » 20 + 00651 " 18 o1py2 ” 16 *01494
Mar., *00250 ve 10 +00608 " 28 01119 " 26 +01541
m tr 100323 June g 100745 Sept. 7 c01160 Dec. 6 -o1588
" 21 100370 ' 19 +00791 " ] ‘01213 .. 16 *01634
” 31 +00417 ' 29 +00838 ”» 2% +o14a60 " 26 +01681




128

CHAP, 1.] THE TIDES

Tasre XVII.—Values of 7, v and §, corresp;)nding- to N.

]

I v ¢ N|N} I v ¢ N[N T v t | N

(-]

o o o o o o o o o o ° o o o

28+ 603| 0°000| 0+000| 360°0|l 30°5| 28-005( 5°564| 5-017( 329°5[ 60°5 25°351| 10°131| Q+196] 299°3
28-603| 0094 0-084| 359°5|| 31°0f 27°985| 5:651] 5-095i 329°0|| 61'0f 264316 10°194| 9°255| 299°0
28-6ot| o188 0169, 359°0/| 31°5| 27:965! 5:736 5-173| 32B°s|| 615 26-280( 10°256 9°313| 2085
28+600| 0°281| o0-253| 358:5|| 32-0| 37°945| 5°B22| 5-251| 3280 62°0| 26°245| 10°318| 9:370[ 2080
18-599| 0°375| o-337| 358+0|| 32°5| 27:925| §:9o7| 5°328| 327°s|[ 62°5| 26+209| 10°379] 9°437| 2075
28+598( 0°468| o+421| 357°5)| 33°0| 27°004| §-992| 5:406| 327-ol[ 63-0| 26.173| 10°440| 9°484] 2970
28-596| 0563 0-506| 357-0!| 33*5| 27'BB4| 6-077| 5:482| 326-5|| 63-5| 26+137| 10°500| 9-530( 206-5
28-504| 0:636| o-300| 356°5!| 34-0f 27-862| 6162 5-539] 326°0|| 64:0| 26-101| 10560 9-595| 2960

s

=]

3

=]

S

o

CnoUnowi Ot O

S W W= ~00
w

w

=)

o

28:591| 0749 0:674 34°5] 27-841| 6:246) 5:630| 325°5|| 64-5| 26:064] 10-619| 9-650| 2955
18-589( o'843| o+758| 355°5|| 35°0, 27°819| 6-330| 5°712| 325%0| 65°-0| 26-027) 10°677| 9-j05| 3950
38-585| 0°936| o842 35 35°5| 27°797) 6+ 414| 5-788| 324°5| 65-5 25:990| 10°735[ 9:759f 2043
28+582| 1:030| 0°926 .

28-678| 1-123| 1-010
28-374( 1°217) 1°004
28-570| 1-310[ 1-178
28:563| 1:403| 1262
28-560| 1-496| 1-346
28+555) 1°590| 1+430
28-549| 1-683] 1-514
28:543) 1°776| 1-308
29+537| 1-869| 1-681| 350°
28-530| 1°962| 1765
28+523] 2-054| 1-848
28-516| 2-147| 1-932| :
28-308| 2-240| 2-015| 348
12°§| 28-500| 2°332) 2-099| 347"
13°0 28-402{ 3-434| 2+182| 347-
135 28-483| 3-517] 2:265) 346

W
)

36+0| 27°775| 6-497| 5-864| 324

. 25+953| 10°793| 9-8B12| 294°0
36°5| 27-752| 6-580, 5939 323°

o

5 25-910( 10°849| 9°865) 203°5
370 27729 6-663| 6-015| 323°0 0| 25:878( 10°gob| Q-918] 293-0
37°8| 27°706( 6-745) 6:090| 322-5|| 67+5| 25-841| 10°961| 9°970| 292-5

o

g

°

IR DT
v e e s
Cn 0w O0n O

W W
v
W W

38-0; 27+682| 6-828! 6-164| 322-0|] 6B-0| 25-803| 11°016{ 10 021| 292°0
38-5| 27°658] 6°gog| 6°239 321-5|| 68+5) 25:765| 11+0%0| 10-072| 2915
39+0| 37°634| 6:091| 6-313| 321-0| 69-0| 25°726| 11-124| 10-123} 2910
39°5] 27°610| 7+072| 6:389| 3z0-3(| 695 25-688] 11147 10°173] 2905
40°0 27-385| 7-153| 6-461| 320°0|| 70-0| 25:649| 11°230| 10+222| 200
40°5! 27-560| 7°234| 6-334] 319-8|| 70°5| 25:610| 11-282| 10-271| 389§
41-0| 27-:35 7°314| 6:608| 319-0| 71-0| 25:571| ¥1+333| 10-3109| 2890
41°¢| 29°510| 7°394| 6°68o| 3185l 71:5| 25-532| 11°383| 10-366] 288-5
42-0) 27°485| 7-473| 6-753] 3180|| 720| 25-493| 11-433| 10-414| 2880
42-3| 27°458| 7°553| 6:825| 317+5| 72+5 25:453| 11°482| 10-460| 2875
43°0| 27+432| 7-631] 6-897| 317°0|| 73:0| 25-413| 1r+531| 10-506] 2870
43-8! 27-405! 7°710| 6-960) 316-5|| 73-5| 25-374| 11-$79| 10-551] 286°5
44°0] 27°378] 7+%88 7-040| 316-0|| 74:0| 25334 11-626| 10-596| 2860
14°0] 28-475] 2-60g| 2-348| 346 448 27+351| 7-866] 7-v11| 31545|| 74+5| 23-293| 11-673| 10-640| 2855
14°8] 28-465| 2-701| 2:431] 345-¢!| 45-0| 27-324| 7°043| 7°182] 315-0|f 75-0| 25°253| 11+719| 10-684] 285+0
15:0| 28-456] 2+793] 2-514| 345-0l 45-5| 27-206| B-020| 7-2:3| 314°5|l 75-5| 25-213| 11:764] 10:726 284°5
13-4 28°44h( 2-885| 2-5096| 344e5|| 46°0| 27-268( B-097| 7-323| 314°0|| 70:0} 25-172| 17+809| 10769 284+0
16°0! 25-436] 2:979| 2679 144-0') 465! 27-240| B- 1731 7-392] 3135 76-5| 25-131| 11-852| 10-B11| 283°5
1675 | 29+435| 3°068| 2-962] 343-s/1 47:0 27-212| B-249| 7-462| 313-0[ 77:0| 25:090| 11:H95| 10-852 383-0
17:0| 38-414| 3-160| 3-844] 343-0|| 47-5| 27-183[ 8-334] 7-531| 312-3|| 77-9] 25-049| 11-038| 10-893| 283-5
17-5| 28-403} 3-351| 2-927| 342-ci| 48-0] 27-154| 8-309| 7:600| 312-0| 78.c| 25-008| 11-980| 10-932 182+0
18:0| 28-392| 3-342] 3-009| 343-0|l 48-5] 27-135| B-474| 7-668| 311-5|| ¥8.5| 24-966| 12-021| 10.971} 381:5
18-5| 28-380| 3-433| 3:091| 341-5l| 49-0] 27095 B-548| 7-7306) 311-0l| 79:0| 24-925| 12:061| 11-009 2810
19°0| 28-368| 3-534] 3-173| 341-0|| 40-5 27-060] B-622| 7-Bosg| 310:5|| 79-5| 24-883| 12-100| 11:-047} 2805

8

8

8

8

8

9

9

w
wy
w

wn
-
N

w e w
O’IIO’J\O'I\O'I.IO.'JIO'AO'

wu
o

MONONONOUOWN O

-
0 0WW WE~I~T AW

-
-
(73
W o L2
- b b
[o = R=]

- -
- -
o o

19°5| 28-356 3-615| 3-255| 340-3|| 300l 27-036| B-695| 7-871| 310-0f Ho-0f 24:841| 12-139| 11084} 280.0
20:0 ) 28-343| 3-795] 3-337| 340-0|| 50°2| 27-0c6| 8-968| 7:038| 399-5(| fo-5| 24-800| 12+177| 11°121 279§
20-5| 28-330| 3-796 3-418| 339-%l[ s1-0] 26-975| 8:841| B-005| 309-0f B1.0f 24-757| 12-214) 1U-187| 3790
ar-0| 28-317| 3-436] 3-coc| 339-of| 51-5l 26-043| H-g13| B.oy1| 308-5|| Br.5| 24-715| 12-251| r11-192| 278+5
ar-5| 28-303| 3-976| 3-381| 338-¢[| 32-0| 26-013| B-g83| B-137] J08-0|| R2-0| 24-673] 12-28%| 11-227] 378+
23:0| 18-289| 4:0066| 3:662| 338+0 26-892| 9-056| B-203| 307-5|| B2:5| 24.631| 12:322( 11-261f 277-5
22-3| 2B-235 4-156] 3-743) 337°% 26-851| 9=127] B-268| 307-0|| R3-0| 24-588| 12:356 11:294] 2770
23-0| 28260 4245 3-324] 3370 26-81g| 9-197| B-333| 396-¢|| 83-5! 24-543| 12:38¢| 11-326( 276:5

n
)
N

AR
Frig SR
o9

2375 | 28-245) 4-335] 3-gos| 3365 26-787| 9-267| 8:397| 306-0f B4:0| 24.503] 12-432| 11-388 260
2470 28-230| 4-424 3-083| 336-0f 54-s| 26755 0-336) 8-461) 305-c|| B4-5] 24:460| 12:454 11-389| 2755
24-5| 28-215| 4-5313] 4-096| 333:5|| 55+0! 26:723| 9-405| 8:5323; 305-0| B5-0| 24-417} 12485 11-419] 375°0
25+0| 28-199| 4-603( 4 46| 3350l 25-5| 26-690( 9-474| R-388| 304-5|| BS-§| 24-374| 12-513] 11-449| 2745
25-¢| 28+183| 4:690| 4:226| 334-5|| s6-0| 26-637| 9-343| B-651] j04-0f B6-0| 24:331] 12-545| 11-478] 274-0
26:0| 28166 4-770| 4-306| 334-0| 56-5 26-624| g-60g| 8-713| 3035|| B6-5| 24-287| 12573 11-506] 3735
36:5| 28:149| 4-867| 4-386| 333-¢l| 57-0| 26-391| 9-696| B-775| 303-0|| BT-0| 24-244) 12:601| 11-533| 273-0©
270 38-133( 4:953) 4-466 3330l 57-5| 26-557| 9-743| 8-836| 302+5|| B7-5| 24-200| 12+628] 11-560] 2725
27-5| 28-1158| 5043 4543l 332-5|| 3R-0| 26-523| 9-Bog| B.Bgy| 302-0|| BB.o| 24-157] 12:654| 11-§86; 372-0
18-0| 2%9-097| 5-130| 4:624] 332-0l[ 58-3| 26:439) 9-874| B-9358! 301.4l| BB.5) 24-113| 12:680) 1r-6rr 27I§
18-3| 28-079| 5218 4-703| 331°3jl 59-0| 26-435| 9-039| 9-orB| jor1-0| 89-0| 24:070| 12:704| 11:635) 2710
39-0| 28-061| §:305| 4:783| 331+0|| 59-5| 26-421{10-004| 9-078] 300-5|| B9-5| 24:026| 12+72R| 11-659| 9705
29-5| 28-043| 5:391| 4°861| 330- 4| 60-0| 26-386/10-068| 9-137| 300-0|| 90.0| 23-982| ra:751| 11:681] 279+0
30-0| 28-024) 5-478] 4-939) 330-0

-

N B.—1is always positive. When N is between 0° and 180° v and § are posilive;
when XN is between 180° and 360°, » and { are negative.
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Cuar. 1]

THEORY AND COMPUTATION

TABLE XVII.=Values of /, v and §, corresponding to N—(Conéinued).

N

7

v

3

N

N

I

14

£

N

N

I

vy

EIN

-]
90'5
910
915
920
925
930
93:5
040
94:5
95-0
95°3
960
965
970
97:5
g8-0
98:5
gg9-o
995

1000
100-5
10140
101-5
1020
1025
1030
1035
1040
1045
1050
1055
1000
106°5
107-0
107°5
1080
1085
1090
109'5
110:0
1105
1110
115
112:0
1125
1130
135
1140
114:5
1150
155
1160
116:5
1170
175
1180
185
1190
119-§
1200

-]
23-038
23-804
23850
23-806
23-701
23717
23673
23628
23584
23:539
23-495
23:450
23400
23361
23316
23271
23227
23182
23137
23°002
23:047
23003
22958
22:913
22-868
22:823
22778
22:734
22689
22:644
22:599
22:554
22:510
22:465
22:420
22:376
22:331
22287
22:242
22108
22:153
22-109
22005
22021
21-976
21-032
21-838
21:845
21-8o1
21°757
21713
21670
21027
21-583
21:540
21-497
21:454
21411
21368
21:326

o

12:772
12793
12814
12:833
12851
12:369
12-886
12:go1
12:916
12:930
12943
12:955
12966
12°976
12985
12:994
13°001
13007
13013
13017
13°021
134023
13°024
13025
13024
13°023
13020
137017
13'012
13006
13000
12'092
12983

12:974

12°063
12951
12°938
12°924
12°909
12892
12:875
12857
12-837
12:817
12°7905
12°772
12°748
12723
12697
12670
12042
12612
12:58

12°550
12:517
12°483
12'4.47
12:401
12°373
12335

o
11:704
11725
11:745
11.765
11.784
11.802.
11-819
11835
11:851
11-866
11-880
11-893
110§
11.916
11.927
11:.936
11945
11-953
I 1-960
11.966
11.971
11-975

11979
11981

11.083
11.983
11.983
11.932
11-979
11-976
11972
11.967
11.963
11:954
11-046
11.937
11.927
11-016
11.go,

11-89?
ll-877
11.862
11:846
11:82

t |-8|?
11:792
ll-772
11750
11.728
11705
1168
11:655
11:629
11:601
11:572
11:543
11.512
11-430
11:447
1413

o

269-5
2690
268-5
268-0
267-5
2670
266-5

266-0

265-5
2050
2645
20640
263-5
2630
2625
2620
201°5
2610
260°5
2600
2505
2590

2585
2580
257'5
2570
256-5
2560
255'5
2550

254'5
2540
2535

2530

252'5

2520
251°5
251°0
250°'5

250°0
2495
2490
2485
228-0
247°5
247°0
2465
2460
245°5
2450
244°5
2440
2435
2430
242°5
2420
241°5
2410
240§
2400

o

120+5
121+0
121-5
1220
1225
1230
1235
1240
1245
125'0
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
130°5
1310
1315
1320
132'5
1330
1335
1340
134'5
1350
1355
136'0
136'5
1370
137°5
1380
1385
139'0
139°5
140%
1405
141°0
141°5
1420
142'5
1430
143'5
1440
1445
1450
1455
1460
146'5
1470
147°§5
1480
1485
1490
1495
1500

o
21.283
21-241
21-199
21:157
21-115
21-073
21.032
20:9go
20949
20:908
20:867
20-826
20-786
20746
20705
20666
20626
20-536
20:547
20:508
20-469
20:430
20:392
20-353
20'3]5
20-278
20240
20-203
20166
20:129
207092
20056
20-020
19-984
19949
19:913
19-878
10-844
19-809
19-775
19:742
19-708
19675
19642
19610
19:577
19:545
19-514
19483
19:452
19-421
19-3901
10:301
19:332
19:302
19:273
10:245
19:217
19-189
19:162

o
12-205
12254
12:211
12168
12123
12078
12-031
11-983
11-033
11-883
11-831
11.778
T1.724
11-669
11612
11:555
11.496
11436
11:374
11312
11348
11184
11-118
11050
10:982
10:912
10-841
10:769
10:696
10:622
10:546
10-469
10:301
10-312
10-332
10-150
10-068
9.984
9-899
9-813
9-725
9637
9:547
9:457
9:365
9.272
9177
9-082
8.986
8.888
8.700
8.690
8.58¢
8-487
8.184
8.280
8175
8.069
7:962
7854

o
11:378
11-342
11:304
11.266
11:226
11-186
11144
11101
10357
11012
10:g65
10:918
10:869
10:820
10-769
10717
10-664
lo610
10-554
10498
lO~440
10:382
10:322
10-261
10199
10135
10:071
10-005
9939
9-871
9:8o02
9732
9660
9538
9515
9-440
9364
9-287
9209
9130
9'050
8:909
8-887
8:803
8719
2633
8:546
8-458
8:370
8-280
8189
8-097
8004
7°910
7-814
7:718
7:621
7'523
7°424
7'324

o
239'5
2390
238-5
2380
2375
2370
236-5
2360
2355
2350
2345
2340
2335
233’0
232:5
2320
2315
2310
2305
2300
2295
2290
2285
2280
2275
2270
226:5
226-0
2255
2250
2245
2240
2235
2230
222:5
2220
221-5
2210
220°5
2200
2195
2190
2185
2180
217-5
2170
216-5
2160
2155
2150
2145
2140
2135
2130
2125
2120
211-5
2110
2105
2100

o

1505
151+0
151-5
i52.0
1525
153-0
153-5
1540
154:5
1550
1555
1560
156.5
1570
L1575
lSS'O
158.5
1590
1595
160°0
160.5
1610
101.5
162.0
1625
1630
1635
1640
1645
165-0
165-5
166-0
160-5
1670
167-5
1680
168-5
1690
169'5
1700
170'5
171-0
171-5
1720
172-5
1730
1735
1740
1745
1750
1755
176-0
176:5
1770
177°5
1780
1785
1790
179'S
1800

o
19-135
19-108
19082
19056
19-030
19-005

18:981
18-956
18:933
18:909
18-886
18-863
18-841
18819
18-798
18777
18756
18:736
18:716
18:697
18678
18-660
18642
18:624
18:607
18:591

18:575
18:559
18:544
18:529
18:515
18:501

18487

18475

18-462

18-450
18:439
18428

18417

18-407

18-308

18-388
18:330
18:372

18:364
18:357

18:350
18-344
18:338
18-333
18:328
18-324
18-320
18:317
18:315
18:312

18:311

18:309
18:309
18:308

7-411

5:492
5-305
5237
5109
4980
4-850
719
:.588
4456
4°323
4-190
4050
3-922
3787
3-651
351§
3379
3°242
3104
2:066
2-828
2:689
2-550
2-410
2:270
2-130
1-089
1-348
1-707
1+560)
1-424
1-282
1-140
0-908
0856
0713
571
0-428
0236
0:143
0000

o (] (<]
7-74517-223|209-5
7:635|7-120(209-0
7-523|7-017|208:5

7.2980:809207-5
7-184/6-703]|207-0
7-0696:5961206-5
6-053(6-488|206-0
6-836(6-380|205°5
6.718/0-270|205-0
6:599|6:160|20.4:5
6-4806+049|204-0
6-359|5:937(203-5
6-238(5-824|203-0
6-116(5-710|202-5
5-99315:596)202-0
5-869(5-480/201°5
5:744|5:364|201-0
5-618(5:247|200'5

6.913|208:0

5°130/200:0
5:011/199°5
4.892 199-0
4-773|1085
4652(198-0
4°531{197'5
4+409[197:0
4-287{196-5
4164|1960
4'040|195:5
3+916(195-0
3:701]194°5
3°665(194-0
3-539[193°5
34131930
1+286(192:5
3:158|192-.0
3+030[19% -5
2:9c2}191-0
2:773|190'5
2.644 1900
2-514(189:5
2:384/189-0
2-254/1838:5
2.123[188.0
1:992(187.5
1-860/187-0
1:729|186-5
1:597/186-0
1'464[185:5
1332|1850
1-199/184-5
1:067(1840
0'934/183-5
o'So1|183.0
0667(182-5
0-534/1820
o-401[181-5
0-267{181-0
0-133[180:5
0000|1800

N.B.-Iis always positive. When N is between o°and 180°, v and £ are
Vis between 186° and 360°, v and £ are negative.

positive ; when
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Cunap. 1.} THE TIiDRs

TaBLE XVIII, (1)—Values of 1/f and f corresponding to various
values of /, to be used in computing H and R for the Tides M, N,
2N, », MS, 2SM and Luni-Solar fortnightly,

A Cost } w Cost i
rgument r/f= Cosii 7 —
~ 0~y .- Ny
Values of g? 2‘5 Val f E's E"S
52 ° ° -
ool e (B2 s o] owr |B2| s (B
E [ E ° g ° E =
as ag as as
18°18'30”| 096354 1103784 2375 099630 1 .00371 7
18-4 96403 55 03731 50 ‘6 99703 73 00298 7
5 96458 | g3 | 03673 | 37 7 99775 | 72| woz25 | 3
6 96513 | g | 03613 | §o 8 90849 | 74| o015z | o4
7 96569 | go| 03553 | oo |l 9 90922 | 73 | 0078 | o4
8 96624 | ¢g| 03404 | ¢ |l 34 "0 09996 | 74 | 00004 %
9 ‘96680 | <5 | 03434 | 6o 1 100070 | 74| 099930 | ¢
190 ‘96736 | ;| 03374 | ¢, 2 o145 | 73| 09855 | 7,
1 96793 | 53| 03313 | g, 3 wo2zo | 73| 9078t | 26
2 ‘90850 | g| 03252 | 4 00206 | 71 99705 | 36
3 *g6go8 57 03191 62 ‘s 00373 76 99629 26
4 069635 58 03129 | 4 6 100448 7 ‘99553 75
5 ‘97023 | 54 ‘03068 62 7 «00525 7% 99478 76
6 97082 50 ‘03000 63 8 00601 78 ‘99402 76
7 o714t | 33| 02043 | g 9 00679 | 70| 90326 | 2,
8 ‘97199 6o 02882 63 25 ‘0 00757 78 ‘99249 77
9 *97259 S9 02819 63 ‘1 00835 78 Q9172 77
20-0 07318 61 02756 64 2 ‘00913 %o 99095 78
1 97379 | 60| 02693 | ¢4 ‘3 00993 | o | "9%1!7 78
2 ‘97439 | 6, 02628 64 3 w1072 | 7 98939 77
3 07500 | 6, | 02564 | gl S oz | 291 o886z | g
4 97561 | 6, 02500 64 -6 01231 81 -93783 78
-5 07622 | ¢, | 02436 65 7 01312 | g 98705 79
6 97684 | 65| 03371 63 -8 01393 | g, -98626 79
7 97746 | 63| 02306 | o 9 01474 | g, | ‘98547 79
-8 97808 63 02241 66 26 -0 01556 82 98468 8o
9 ‘97878 | 6, | 02175 | 66 1 01638 | 4o 98388 8o
210 97935 | 64| 03109 67 2 01721 82 98308 79
o ‘97999 | 63 | 02042 66 3 01803 | ¢ 98229 81
.2 98062 65 01976 6 °4 01887 4 98148 g0
3 08127 | ¢, | 01900 6; °5 01970 33 -g8o68 80
4 98191 | o | 01842 67 6 02054 84 -97988 81
s 08256 | 62| 01775 | o 7 02138 | o4 | 97007 | 8
s 98321 | g6 | -01707 68 8 -0222) 85 97826 82
P17 08387 | .66 01639 6 9 02308 sg 97744 82
I | 08453 | 66 ‘01572 67 a7 o 02394 86 197662 82
\ 9 08519 67 01503 69 '1 02480 86 -97580 82
210 93586 | 6y | 01434 69 2 02566 | ¢ 97498 82
1 08653 | 48 01365 69 3 02653 87 97416 83
3 98721 67| <1296 9 4 02740 sg 97333 83
3 98788 | 0| 1326 | 710 'S 02828 | g0 | 97250 | 83
4 08357 | 63| -or157 9 6 029016 97167 84
5 98925 69 01087 70 7 03005 29 97083 83
6 98004 | go | wor016 | 7! 8 03093 | 58| 97000 | g4
-7 95063 | .51 00945 7 ‘9 <3183 go 96916 84
8 99133 | 2, | -ood7s 70 1| 28 o 03272 9 | .g6832 85
9 ‘9208 | o | -ooBo3 73 “1 03363 | 96747 85
230 99273 | 9y 00733 7 ‘2 03453 o 96662 85
-1 99344 | 7, | -00661 7; 3 01544 9: -96577 85
3 0415 | 3, | o589 | 7 ‘4 03635 | 03 | 96492 | 85
3 *99486 73 00516 72 'S 03727 9’ g6407 86
4 99553 92| 00444 7 ‘6 o3fig | 9 -96331
S l ‘99630 00371 73ﬂ 28°36’ 6" 03921 -g6320
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CHaP. L] THEORY AND COMPUTATION

TaBLE XVIII. (2)—Values of 1/f and f corresponding to various
values of /, to be used in computing Hand R for the Tides O and Q.
Also used in determining 1/f for the Tide M,.

Sin w Cos® 3 w Cos* } ¢

Argument 1/f=
€ SnfCos 41
i) e~ 0~ o~
Uua Q Y= 8“-4 '-"6
Valules of yf S f g 2 1l Values of §2 g~
té,oo é,oo I l/f éoo f g.°
= = b= = u
ag as as RS
18°18’ 30”7 | 1.24126 0-80563 23°5 o
. : f 09434 10056
g | s | | S|, || S| ae e | TSR e
3 | st 601 -81333 401 :g 08715 355 -o.ggs 364
" aireg | 597 .82134 401 : -93360 P -o; 7 1 365
8 21163 | 5% | 85533 | 399 9 93009 | 349 | oas06 | 304
9 +20581 582 ~82534 399 240 97660 344 o3 303
190 +20003 578 8 933 | 308 'l 197316 342 02758 363
" g3y | 508 | g3 | 308 2 20974 | 330 | oa482 | 361
5o | sl SR | 3| s o e
3 n83is 357 | b e |l 26300 1 334 | ooze | 361
8| et | Smdim 3| g ) o e
- a6u4z | 534 | g0 | 304 ; 94986 | o0 | 032 e 350
3 15614 | 5281 g6u06 | 394 a ohaer [319 | osgas |36
9 15092 gf; .ssggg 393 e 33‘13?3 314 | Log3e7 | 38
200 . o, 2 02
AR S I
2 13557 | 57 | ighots | 39° 3 3410 1 507 | ‘ore0d | 353
3 13056 | 3°! -88052 391 3 a3rox | 305 .074‘6,8 353
b 12501 495 -88; 3 389 '.6'5 92798 o0 0;7 ' |51
5 12069 | 493 | ggais | 380 o9 1299 | ogyes | 35!
6 ars8s | 434 | goe3l | 388 7 92108 | 06 | onaes | 349
7 11105 480 . 9618 387 . oiees 294 :OSBéz 849
8 ‘10629 476 -9000 387 6.9 ave 292 20310 349
9 do1sg | 470 | 100393 ) 386 || 200 91316 | g | o310 | 347
10 00692 467 .Q?fég a8s 1 91028 | 26 .098 7 346
1 og233 | 459 orsed| 385 2 007421281 | osey | 36
a 108776 zgz o1 gjg 334 i 33,*;5;’ 281 . ,2;32 345
3 0 . 363 280 112 344
3| oE | omelEl o5 | meinel e
5 07434 | 444 | 03080 | 382 . B9 | 275 | tigay | 343
6 P «oGgg7 | 437 | 93461 | 38! 2 Sooig [ 277 | li2ee | 341
7 06563 | 434 | 384z | 381 ) ‘steng | 270 2008 | 341
8 obigg | 430 | 2321 38 9 28800 | 268 | i1a00e | 340
9 05708 | 435 | X222 | 379 (| 272 o338 1265 | aase | 330
220 -osgﬁﬁ 432 _0460[ 378 = 88273 | 263 13285 | 338
a1 ogB7e | 416 | 24979 | 378 2 BBoto | 260 | 13023 | 538
a2 oy | 413 [ 3357 5y 3 ay7s0 | 250 | 4399 | 336
3 oqony | 410 | 2131 57 4 7491 | 357 | 14297 33y
4 o6y |40+ | Toass s |2 Braa4 155y | 14034 | 30
5 03241 | 402 .3335, 375 o 13293' 253 ::4968 334
6 o845 | 398 | 07255 | 374 ] s6078 | 251 Sog6 | 334
7 orgey (394 | 972331 373 8 20478 | 2a7 | 13030 | 332
8 oregy | 300 | 97098 1475 ? B3 246 | 1598 | 3ar
9 01675 | 386 I"g"’s' a7z || 28 25985 244 .'2‘399 aar
230 01203 383 .88-;\23 372 -; -35741 242 -lﬁa;rto 331
» woors | 377 98725 | 176 . 05499 | 519 N0t | 328
3 376 99095 | 46, 3 85260 | 338 | 117289 | 328
00539 ‘09464 9 4 85022 3 17617 3
3 oo167 | 372 | .go834 | 370 8378 | 237 3
4 ooot67 308 | 99834 | 5eg | S o785 Lagy | NS | 327
s 9 | 365 100202 | Yo 6 84551 118272
9434 *00569 || 28°36'6” | ‘84547 ‘18277
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TasLE XVIIL (3)—Values of 1/f and f corresponding to various
values of /, to be used in computing Hand R for the Tide J; and for
determining #,, used in the preparation of Table XVIII. (6).

Sin w Cos w (1—3 Sin? ¢)
Argument 1[f= goIn’ ¢
gument 1./ Sin 7 Cos
g™~ g™~ as~ oy
g‘g [<2r LS Yo
Values of S S || Values of . g &9
1 LU ¥ 2 B A P Wl |82 7 | g
=70 L=IN & © %
as 8s <) as
18° 18’ 30| 1-20058 082673 23°5 0:98648 101371
184 20442 | (o 83028 | oo 6 -38329 3'2 -ol%o 329
5 19882 | 32 83416 38 7 8013 | 3! 02028 | 328
% 119332 | 2 .83801 385 8 .g7700 | 313 02355 | 337
7 18785 547 84186 385 9 Q7391 309 02680 | 325
8 18246 532 84570 334 240 97083 | 398 03005 | 325
-9 7714 sgg 84053 | 353 o 6780 | 393 03328 | 323
190 a7185| 2121 85335 | Jg 2 96479 | 3! | 03650 | 322
.1 16667 85715 | 332 3 06182 297 «03970 20
-2 16152 5;5 86005 380 4 05888 294 04289 319
3 15643 | So7| 86474 | 379 5 05505 | 283 | 04608 | 312
4 15141 86851 | 377 6 -95308 287 04024 36
.4 14642 499 .87228 377 7 105022 286 «05240 316
6 apsz| 4220 87603 | 375 8 04738 | 2241 05354 | 314
7 13666 | 42 87978 | 375 9 04450 | 272 |  o5867| 33
8 13186 470 88351 | 3731 230 -g4181 278 06179 | 312
9 12712 4 ;’ .88724 373 o1 93907 274 ,06489 3o
20-0 (12240 42 .8gogs | 37! 3 93635 | 272 06798 | 399
3 11777 :58 89465 3‘750 3 93366 222 07106 322
2 a8 455 89834 369 4 93100 26 07412 306
-3 110863 | g +90201 367 5 02835 265 07718 3
4 10415 5 90568 36(75 6 Q2575 200 08021 | 393
5 9970 | 2 +90934 36 7 92316 253 08323 | 392
6 093532 435 Q1298 364 -8 +g2060 25 08625 302
7 09097 | 0 91662 364 " 91807 | 233 08025 g°°
8 08067 { 107 92024 362 26.0 91555 25; 09224 zgg
9 08243 M 92385 30 oI Q1307 246 00520
210 07821 ﬁ“ .92746 361 2 Q1061 24 0081 6 :w
1 07407 412 93103 353 3 -go8.18 243 Jjoltl 295
2 06905 | 42| 03463 | 3¢ 4 0577 | 248 | 10404 | 303
3 sB9| doz| oo 3% 5 00337 | 336 -lgggg 0
. 1 04175 6 «Qoio1 .1
s os7ey | 40| gl | S| Bo86y | 2341 hiage | 2P0
¥ 03305 | 39| o488y | 353 8 80635 | 232 | 1563 | gk
9 o5004 | 3951 95235 | 337 9 80406 | 329 | 11849 | 386
-8 04619 381 95586 351 27-0 89178 32 12135 | .8
9 04238 | 0 05035 | 347 1 88054 | 324 -12419 ’zs‘
220 03859 372 96284 349 -2 88730 224 12702 zsg
-1 03487 | 70 96631 | 347 3 88510 | 222 | 12082 | og,
2 w3117 366 96978 347 4 88292 ;' 13262 278
3 03751 | w6, 97323 | 345 5 88075 ,'7 ‘13540 | ,
4 02390 | 4e4 97667 ?‘“ 6 -87861 14 13817 ,72
5 02031 98010 343 7 87649 212 114002 7
6 01678 | 353 | g5y | 34! 8 87430 | 210 | 14306 | 374
7 -01326 356 08601 | 342 9 87231 208 14638 :7,
8 oog8o 314 «ggo3! 340 280 87024 207 14910 ,?59
9 00636 | | 90968 | 37 o1 8682¢ | 203 [ 15179 | 269
230 00295 | 11t | 99705 337 2 86619 | 3¢ 115448 | 267
1 0:99960 13 1:00040 335 3 86420 ! gg 15715 | 265
a 99627 | 3331 oozrs 3N 4 86222 | &) | 3080} 56
) 99298 ng 00708 333 5 86025 97 16245 264
4 oBo72 | 3311 01040 332 F3 85831 | "M | 16500
] 98648 01371 3 28° 16’ 6” 85828 16513
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TasLE XVIIIL (4)—Values of 1/f and f corresponding to various
values of 7, to be used in computing H and R for the Tide Mf.

Argument |/f=M”c_°"ii

Sind /
"

o i S ’g:
f s ES Values of § it 52
Values o o ~ o~ . - S~
¥i I lf &.:; OO f ﬁ‘:‘i % I /f §°° f é 62
ns as as 88
18° 18/ 30" 1-59903 062538 23%5 099238 788 100768 811
184 58377 1,657 | 63143 | 663 -6 ‘98450 | Zg4 | 01579 | g4
.5 -56720 1613 63808 668 7 97667 772 02392 | g, 5
6 55107 | 1609 | 04470 | 690 -8 ‘96895 | 261 03207 | g1g
7 53508 1571 65146 674 9 96134 756 «040 M 820
-8 51937 | ;544 65820 | g4 240 95378 740 04846 | o, 4
9 +50304 1529 66496 679 I ‘94638 735 05670 825
19:0 -48865 | | 490 67175 | 683 2 93903 | 254 06495 | g39
1 47375 (1477 67858 | ¢85 3 93179 | 516 -03324 831
2 45898 | | 450 68544 | 688 4 *02463 710 8155 | g4
3 44448 | 427 69232 | 60, 5 91753 | o5 08088 837
4 43021 1414 69924 604 6 91058 601 09825 838
.5 41607 1378 -70618 603 7 00367 682 110663 841
6 40229 |56 71316 701 -8 -89683 673 "11504 | go0
.7 38862 lg4; 72017 703 9 89012 668 12348 845
] 37519 1321 73720 | 209 250 88344 655 ‘13103 | geg
9 36198 1310 73427 709 o1 87689 6350 -14343 850
200 34888 | 28| 74136 | 53 3 87039 | a1 | 14893 | g3,
" 33610 1267 74849 | 7.5 3 '35393 634 "2%47 856
.2 32343 1247 75564 710 4 85764 629 o g3 858
3 31006 1505 | 70288 | 75 'S 85135 | 617 J401 | 863
4 29871 1218 77004 723 6 84518 614 o1 3;2 863
.5 -28655 |, 187 77727 728 7 .23904 604 191 865
6 27468 |0 78455 | 730 8 83300 | 5| 20051 | gy
7 -2629r1 || 158 79185 734 9 82702 503 -209;0 869
8 25133 ligo 70919 736 260 ‘82109 382 .21(7560 874
9 23993 | 1y 4 80655 | 737 1 81527 578 -22 g 875
210 -22862 | | 1o 81392 743 2 -Bog49 571 *3353 877
ol 21758 |, 4 82135 744 3 ‘80378 564 24415 | g8
2 -20663 ,gg-; 82879 | 747 4 79814 | 3631 25206 | gg,
3 19584 1061 83626 750 01 *79254 550 26177 885
4 18523 |, 053 84376 752 6 78704 546 27062 | gag
‘5 *17470 | 12 ‘85128 | 5o, ‘7 +78158 530 37948 | g5
6 16441 ,02? 85885 759 ‘8 77619 533 -28838 891
7 '15420 ), oo6|  BO644 | 56, 9 77086 | 29| 139729 | ggq
8 ‘14414 | o 87405 | 26, || 377 70557 | 520| 30022 | goo
9 *13424 9892 88169 266 *1 76037 516 -31519 808
22:0 *12441 961 -88935 mn 2 75521 st 32417 got
o1 11480 953 ‘89706 772 3 *75010 S04 33318 903
2 110527 | g2 ‘90478 | 376 4 74506 500 34221 | o0
-3 09588 | ooc ‘91254 | .8 ] *74006 402 35125 | o008
4 08663 918 92032 | g8, 6 *73514 480 +36033 909
°5 ‘07745 898 -92812 784 7 73025 483 36043 ol
6 06847 | gg, | 93596 | 786 8 73542 | 4oy | 37883 | o,
7 '05955 | g8 | 94392 | 289 ‘9 72065 | o4l 038767 | g6
8 05077 | ggg | 95171 [ 297 || 380 ‘71501 | g6 | 39683 | oo
9 04211 859 05963 703 .1 71128 463 +40602 919
230 03352 841 96756 798 2 70662 457 41521 923
! ‘02311 | g, 4 97554 | Boo 3 ‘70205 | o4 42444 | ooc
-2 01677 | o> 3 98354 | 5oz 4 69752 449 43360 | 26
-3 00854 | g% ‘99156 | g6 ] 69303 | oy 44395 | 020

4 00043 | g 5 09962 806 6 ” 68859 45224

°5 0'99238 1.00768 28° 36’ 6 68852 ‘45239
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‘TABLE XVIII. (5)—Values of 1/fand f corresponding to various
values of /, to be used in computing H and R for the Tide Mm.

Argument x[f-('—* Sin?w) (1—8 Sin%).

1—3 Sin? /
)y ™ ~
Val f g"’é § Val §% g‘s
alues o O - o alues of e (e
4 14 - o
7 If éoe Vé Hg i} 1 I[/ 'gso ¥4 u‘:'°o
= - ™
| Qg D¢ as (=}
8°18’ 30" | 0-88401 1-13121 21° . o 1-o1108
184 -88550 16 12031 3 -6s gg?g; 251 -00853 ’52
5 88713 | 13| azpzy | 2B 00407 | 232 | 00507 | 73
6 88879 | ¢ 12512 | 21 3 99660 | 233 | 00341 256
7 Bgog6 | 17| xzzor | 2M 9 00017 | 237 | 00083 =
3 89215 169 12090 | 21! 240 100174 257 | o.99826 | 237
‘ -9 80384 | 99| .1i877 | 213 1 00435 261 | ".g9567 | 239
190 80554 | 7% | 11665 | 212 2 00097 262 | 59308 | 239
R 80727 | 731 11450 | 213 3 ooy | 205 | ggog8 | 2%
.2 . 173 1234 216 4 01229 267 08786 262
3 | +g0076 '72 11018 | 216 5 01498 269 | 98524 262
-4 | goz52 | 178 10800 | 218 6 o1770 | 272 .08261 263
5 90430 lg o582 | 218 7 02044 | 274 | 97998 223
6 \ o611 | 1911 L1036z | 220 8 w2319 | 275 | 97734 2et
LT ‘ ‘90792 | :glz ‘ ‘o142 | 220 9 02508 | 213 | 97469 :gg
. 8 ‘90974 | g 09922 | 229 |} 250 02878 |2 97203 | 26
.9 or1so | 1g%| 0609 | 223 . o316z | 234 | 00036 | 37
| 200 91344 | 13 | 00476 | 223 2 03447 | 255 | 06669 | 267
Lo 1531 | 28k | .ogasz | 224 3 03735 | 288 | 06400 | 260
‘ 2 91719 1 «©g028 224 4 +04025 290 96131 269
3 gigro | 901 08303 | 225 5 o4y |22 | essoz |53
-4 92102 192 08576 227 3 04613 296 05591 27.
B9 ‘92295 xg% 08348 228 7 ‘04910 297 95320 27:
6 92491 19 08119 229 8 ‘05210 300 95048 27;
7 92687 196 07890 229 ‘9 05513 3o3 -04776 a
8 .g288s 168 07660 230 26.0 05818 305 94502 274
9 93085 200 07429 2 I 06127 309 04227 :7§
210 93386 3ot ©7197 232 3 06437 310 93052 ;75
" 93400 | 24| 06964 | 233 3 675t | 34| 0677 | 3
-2 93695 | 23 06730 | 334 4 09067 316 03400 377
3 w9390z | 27| o6qnq | 2301 .5 oysss | 38| oqizs | o7k
-4 o4t10 | 2981 06259 | 335 6 07707 | 322 | 92845 A
3 94319 | 2%9|  .o6023 | 236 e ooy | 3241 gage6 | 729
b 04532 | 13| o585 | 38| 3 <8350 | 328 | 9280 | Zgo
7 04746 | 2141 05546 | 2311 g 0868 | 335 | 92006 | g5
8 r 046 314 05308 238 27-0 00021 332 91726 | .83
9 | 95178 218 05067 | 24! 1 09358 337 ‘01444 | 183
220 | 95307 | 2191 04825 | 242 a 00606 | 338 | o116z | 28,
| 93618 | 2201 .oq583 | 242 3 +10037 34; 90878 | 784
2| oS80 | To00 oadar | o4 4 03Bz | 345 | o504 | ;g4
3 96064 | 224 | .04008 | 243 5 0729 (34| .gosto | ;g8
4 06200 | 228 | o385y | 245 6 ato81 | 32| gooz5 | 586
5 o518 | 228 03608 | 243 7 a1434 | 233 | 89739 | 286
4 -96748 :gg ©3362 :‘fg 8 11701 ggz 'g94gg 288
” 0311 . . «391
% Q7214 | 234 oag6s | 249 || 280 ::;f: 32 | gaeyb :gg
9 ‘97450 336 02617 249 o1 .12881 367 38589 | ;8¢
230 07687 | 337 |  .og368 | 349 a2 13250 | 369 | 88300 | 589
. 97026 | 339 | o8 | 301 4 13624 | 74| 88orr | g
-2 8167 | 34! 01867 251 4 14000 376 87720 | 29:
-3 98412 | 2431 1614 | 253 5 4378 | 3031 87430 | 30z
4 98657 | 245 o1361 | 33|16 14763 385 87137
5 -98go4 | 247 ot108 | 233 |lag° 36’ 6" -14760 87132
I=L =
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TaBLE XVIII. (6)—Values of 1/f and f corresponding to various
values of /, to be used in computing H and R for the Tide K,.

Argument 1/ f=

1'46407 x k)

Q where kl =

Sin w Cos w (1—3Sin%)

{ 14(0°46407 x £))3 + o‘ngx4k.Cosy} Sin 7 Cos 7
0~ ™~ ™~ nh~
V. [T Oy U
8o 20 [ g

Values of slf 2_“,0_- 7 £ ~ || Values of f S _: 7 8 o
! 2% 5l g =0
58 &3 5% a8

18° 18 30" 113424 088165 23° 9061 1-0038
184 13142 38385 3 % °.33§ g 224 -oogog 226
’5 a283s | 397 | .ms6as| 24011 . 22| 228 | loofs | 22
6 azs3z | 393 .sgse3| 238 3 Szl 2| 0SS | 227
7 12229 303 8g10y | 24° 198959 1 220 01002 1 224
8 a1027 | 322 ‘9 31 240 ‘9 98730 | 250 01286 | 556
. .ngzg 299 :§9334 239 || 24 ‘08510 | 5,7 01512 | 925
1 -g n3izg| 29 39‘3»3 241 . 08203 | 217 21737 | 725
9. 113201 200 898241 547 2 98076 | 2,4 01962 | 50
; : 1035 205 *Goob1 240 3 07862 213 02184 224
3 orsg | 29 3 05; 0| 239 g 97435 | 208 _'02232 221
4 ooBey | 29! 297791 240 97227 | 210 02858 | 222
6 oosen | 21| 9iasy| 238 3 k| 29| Saoey | 222
7 og2gg | 230 .3: gg 239 . 96808 | 20 3297 | 320
8 0go1 t 283 .91‘7‘34 238 |, .g 3268; 205 33515 221
9 08729 282 01972 238 25 o . ? 202 .0373 219
) roSast | 283 : 240 96194 | 204 3957 | 220
o sl | 28| 2| 2y 2 95901 | g0, | 04177 | 218
| s Slml s | mmim) sl
s | wealml s w3 | sen|ml ohn e
.4 07340 | 373 93162 218 6 95195 196 05048 217
.g -gg 967 | 27} 93400 | 2%, 7 ‘94999 | ,oc 05265 | 3¢
: : 6795 269 93637 | 5 8 04801 | ¢ ‘05480 | 5 %
7 00527 | 264 93873 | 578 9 94612 | o0 05695 | 2.8
: 2581 55| o1t ool 26 0 94419 | (V| rosort | g, ¢
o 05993 | 266 | 94346 57 1 94228 | g | 09126 [ 51y
" ooy | 2| obs| =l 3 oates| 87| oosso | 21

. 262 : . o
3 05203 | 30 | wvsos| T2 93666 | 1o0 | 06763 | 213
" o:gg; 357 .ggzﬂo 234 5 93479 | g, | 190976 [ ;i)
'S o420 | 2381 95750 | 236 o 937051 a8y | T77 | a0
6 04175 234 ‘95 234 7 931121 g, 7397 | 211
7 03919 | 20| lgg238 | 235 8 92930 | g, | 07008 | j0q
R 03669 250 06401 | 233 )] , :9 :92,7;50 180 %2 ;g 209
9 o3qtg | 537 | 9660, 233 73 -gzsgg 77| -oBagg ’2;
R ) R A R
2 02677 | 243 97393 | 232 3 ey | 175 .08847 208
3 02 240 93 233 4 91867 174 +08853 206
by 23431 | 243 97020 | 332 5 ‘91603 | |23 | 109959 | 305
b b sg 241 .9; 58 231 ) 91521 170 09264 204
6 o481 a8 2 °89 ] 230 7 91331 470 00408 | 204
3 0:71(: 339 .ggan 23 8 081} cg 09672 | 203
‘8 -012:1,4 237 38%? 231 8 o .o‘g‘g 167 :09874 203
35| 230 || 2° 2 00840 | 156 10077 | zo1
9 00999 | 53¢ 9901y | 30 1 «go0Bo | | Fc 10278 | 2o,
n 00764 | zig | 90241 | 58 2 99515 1 65 | 19479 ) 1g8
_’ 00534 | 234 90469 | 550 K 90353 | 163 10077 | 200
3 ooays | 338 99698 | .3 4 'gotgo | 145 10877 | 200
. 00075 | o 29 00926 228 5 30028 160 ‘11077 108

4 099846 | ) 100154 | 2> 6 89868 11275

S 9y619 | 27 00383 | 229 || 28° 36’ 6" 89865 (11279
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TaBLE XVIII. (7)—Values of 1//and £ corresponding to various
values of /, to be used in computing H and R for the Tide K,.

*46407 x kg - Sin3w(1—8Sin?2)
Argument 1/ /= 1'4 _ w\r—y
s 7 { 1 +(0°46407 x k3)2 + 0 9281443Cos2y }i where k3= Sint 7 .
A~ ™~ 0"~ an~
o O, v Lo
8% g% g5 g
Values of Wf o~ 7 g - Values of 1f G = F ® ~
! 2% gl ! 2% £
=P as ol (<P}
18% 18" 30"|  1:33764 074759 23°+5 vornyy | ., | 098876 | ¢
184 33173 | gg5 | 75990 | 45, 6 00566 | 7o | 99437 | g6,
5 32518 | g5 75462 | G300 7 099996 | 16, | 100004 | Co,
© 31871 | gen | 75832 | o) 8 00420 | tgy | 00574 | o0,
7 31218 654 176209 | 197 9 038865 361 01148 577
8 30564 | 64q | 76591 | hgq || 24 0 ‘08304 | ¢rg | 01725 |78
9 20915 | 658 76974 | o1 1 97745 | ¢34 02303 | <3,
190 20257 | ga9 | 177365 | 3o, 2 07104 | =7 | 02887 |sg
1 128608 | .o 77756 | 348 3 90043 | g 03474 | 500
2 27953 | 652 78154 400 4 ‘96005 | 27 +04064 505
3 “27301 | g5 78554 | 404 °5 05543 | 105 | 104059 | 5o
4 26650 | g, 78058 | 401 6 05003 | <y 05254 |Gy
‘5 25003 | g8 | 79309 | iy 7 94469 | 230 | 05855 1604
6 25345 | g +79780 417 8 93032 | 3 06459 16,6
7 24003 | g Bo197 | 150 ‘9 03401 | o3y 07065 | 612
8 24042 | g 80618 423 || 25 +92871 224 07677 | 610
9 23304 | Go4 81041 432 .1 92347 | {04 08287 |68
200 22740 | 6,4 81473 430 2 01823 520 08905 | 6oy
i +22006 648 81903 437 3 ‘01303 515 00526 | oo,
.2 21448 648 ‘82340 2 4 00788 515 '10147 6.8
3 20300 | g4s 82782 | ¥ ; 5 90273 | 33 110775 |48
4 20157 | 43 | Byz24 | 4 6 80765 | 305 | 11403 |63
S ‘19510 | 618 83675 0 7 89257 503 12036 g%
6 18872 63 ‘B4124 4‘;8 8 88754 300 12671 618
7 «18228 6“3 84582 4‘).0 -9 88254 90 ‘13309 | Gas
8 17500 638 35042 4(,3 26 0 87755 :92 -IJOSg 642
9 16052 639 35505 | 423 1 87263 | 47 14590 | ao
1o 16313 | 37 | 85075 | 30 2 86772 1783 | 15243 |65
1 15682 6i 80444 47 2 3 86284 483 15806 | 6eq
.2 15049 6\? 8919 4Q3 4 -85301 434 16549 |61
3 ‘14418 629 87300 4"\'2 3 85317 475 "17210 | Ges
4 13700 6;9 87681 :30 6 84842 476 17867 664
5 13161 | o0 88370 | T53 7 84366 473 ‘18531 |66
6 12530 | g0 -88838 1 923 8 -ga893 468 1 920(8) 668
7 ‘1gis | g0 | Boasy |4 ‘9 83425 | 466 10868 | 6 4
-8 11206 618 89851 o1 27 -0 82959 460 *20542 | 642
9 10678 | c.q 90452 | 2a B 82499 | 76, 21214 | 6Ry
220 10060 | ¢ 5 00800 54;6 2 82039 456 21804 | ggy
8] 00449 | 61y Q13066 5 3 81533 452 -’-’257§l 683
2 8838 | gig | 01880 | 24 -4 Buigr |42 | 23258 600
. w8230 | e 92396 | 3, 5 B0679 | ¢ 23948 (88
4 07624 | goc 92016 | 2.0 6 80234 445 24636 | 6oy
5 07019 | <43 ‘93442 | ¢ 7 79789 | 418 '22330 693
6 06421 | <ig ‘93966 | <y7 B8 79351 | 439 +30023 | 540
7 05823 | oo 04498 | 1l 9 78012 | ro 126723 | 452
8 05126 so1 05033 537 28 o 78477 439 -2;425 701
9 04635 | 2op | 95570 | ¢ 3 79048 1000 | s |77
230 04043 | 2g6 ‘90114 S 2 77619 426 . Jg 712
Y «0i457 | 35, | 06658 | 3 3 77193 | 427 | 29540 | 7
32 02373 | 357 | 97207 | 343 4 76772 431 | 39757 717
3 02203 | g | ‘97750 | ees ‘5 76351 | 4ip | 130074 4 g
4 01714 93315 | o5 6 *75934 -31093
X o1137 | 577 | 98876 [ ' |} 28° 36" 6*| 75028 31703
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TaBLE XIX.—Values of +' corresponding to 7/, to determine initial
argument of Tide K.

Si . .
Tany = f“ v where &, = Sin w Cof w (1 — 3 Sin?4)
Cosy + 046407 x & Sin /1 Cos /
w0
8 &3 83 83 g3
1 ’ g~ I ’ R I ’ s : ’ g ° ’ e <
v |50 v | 5o v o I|{v|egr I v | &7
o = o g 0 & © w °
Qs Qe as as EE
o, W [ ° o ) ° ] ° ° o o 0 ° o °
18 18 30| 0000 20+4| 7:363 2 22+5/ 8819 24-6| 8:567 267 6:672
184 | 1857 slratd N o84 g5:8 O 0145
0+058 112 ¢ 019 71! 053 * o521
5 2:515 6| 7:599 o 17| 8:859 8/ 8465 9 6372 58
6 |zoso] M| glzge8l || slssys 'C Byc8| ‘ 158
. 103 975 *9| 40 2770 6214
7 |sseol | 8780 08886 8aa0| e
k 6 9| B 25.0{ 8:349 o1 6-042
8 [3946 oo 9| 7°907 ° 2308806 sagy "7
+358 093 3| 3890 004 N 068|| N 5805 ]
N o . ol
9 4:304 334 2140, 8-000 o8 +1| 8.goo] .2|8:216 3 5678 7
, b ‘001 071 *2
190 4638 %6 *1{ 8-085 sl «2{ 8-go1 .3/ 8:145 7 4 5478 %
’a 492 N +2| 8.166 > oot o7 o0
Q24 ‘ -1 +3| 8-900 +4] #069 5 5272
] 5.108 274 3| 8.2 oF 88 100 | 078 228
. 43 w70 *4| 8:094 *5]7°991 6 5044
2 |saae Y asaal Tl slsesd *° o83 37
231 068 5% 013 6|79 88 7 4807 6
. » 0 »
4 5680 *5| 8-381 » 68873 .7{7-818 .8 4551 %5
5 " 223 o8 1 015 002 280
903 . a2l +7| 8-858 8/ 7:726 9 4371
P 6102 99 | 8501 059 8las 019 P 097 *292
o3 53 B9 N orersl f aso 3079
L L] 00 .
7 |6208 8 8| 8-554 . ‘9( 8817 260{7°529 "1 3635 .
3 6-475 ° +g| 8:603 o4 240/ 8 025 i 372
160 047 4:0) 8:792 1]7°422 2 3263
9 6:644 23.0| 8.650 1| 876 029 aul 27
163 40 763 032 2| 7+311 6 3 2.836
200 6-807 149 o 8-690 o8 2 8.731 3| 7105 " 2-283 553
! 6-956 *2| 8.728 3 -3(86 030 . e 014
» o 95 *4| 7072 5 1-669
2 7+100 ) 8462 34 040 125 1642
36 3,87 020 *4| 8655 o *5|6'947 6 6 0027
. o
3 7:236 127 *4/ 8:701 028 5/ 8614 ) 6| 6:811 3 28°36' 67 | 000
. . 047 .
*4 7:363 *5/8:819 6| 8:567 716672 13

N. B.~1n the above table V is positive when N is between o® and 180° and nogative when N is

b ° ; .
pits‘i‘;;?:; 180° and 360°; thus it is necessary to observe what is the value of N, because / is always
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TABLE XX.—Values of 2¢” corresponding to 7/, to determine initial
argument of Tide K,.

. . g 2 Gl
Tan 2v” = Sin 2y where &3 = Sin” @ (l T Sin®i)
Cos 2y + 046407 x ky Sin? /
o~ ‘v}N 0N~ ™ 3'\
, |£3 $%s | & g5 .| &%
Q - ” O = [T 7" | O 5
I 2v é g I | ay ulg o I}2y é% I| 2y &—_-: o /g 2y é%
58 as 58 88| a8
o’ " o o -] ? ] ‘o ° ° o o [-] ° o o
18 18 30| 0-000 20+3| 13963 22.5| 17°422 24:6| 17.463 26.7 13031
0265, 0072 0078 0291
18:4 2-810 -5 14+228 6| 17°494 7| 17:385 8 13640
1738 +246 068 +086 *300
5 4548 6| 14:474 +7] 17562 8| 17290 0  |13331
0983 240 059 095 319
6 5:531 7| 14714 8| 17:621 9| 17:204 276 [13012
907 227 052, ‘099 348
7 6-438 8| 14:941 9 17673]  ||25-0| 17:105 1 12664
-758 216 047 113 *359
8 7:196 9| 15157 230 17:720 1| 16-992 3 [12:305
674 210 035 ‘117 +383
‘9 7:870 21.0| 15367 1 17755 2| 16:875 3 11.922
632 194 032 128 *409
igo 8-502 +1| 15:561 2| 17:787 3| 16:747 4 11-513
*549 189 023 136 423
.1 9051 2| 15-750 3| 17-810 4| 16611 5 11090
528 *179 016 1142 470
2 9:579 23| 15:929 4| 17-826 +5| 16469 6 10620
488 168 012 157 491
3 10067 *4| 16097 *5(17-838 6{16:312 7 |roe129
454 «164 * +000 162 520
4 10:521 5} 16-261 6| 17-838 7| 16-150 -8 9600
*438 1490 004 172 *583
S 10:959 6| 16-410 7} 17:834 -8/ 15978 9 | go17
*399 ‘145 .| o1z 184 609
6 11:358 *7| 16:555 ‘8| 17822 9| 15704 280 8-408
-388 136 ' 020 189 ‘720
7 11746 8 16691 -0 17:802 26.0| 15:605 B 7:688
364 +126 024 *207 780
3 12:110 9| 16-817 240| 17-778 1{15:308 3 6-908
*346 122 016 213 ‘9ot
13:456 22.0} 16939 1| 17:742 «a| 15185 3 6-007
-336 ‘109 040 226 1-166
200 12:792 1| 17048 2| 17702 -3| 14:059 4 4841
310 105 049 239 1:3oo
-1 13102 3| 17153 3| 17653 4| 14720 5 3541
303 097 1056 1245 3483
‘2 13:405 *3| 17-250 4| 17-597 5| 14-475 6 o058
286 088 b1 268 ,
3 13-69: *4( 17-338 -5| 17-536 6| 14:207 28°36’6”| 000
273 084 073 276
4 13-963 *5| 17:422 6| 17:463 7l 13931

N. B.—In the above table 2y” is potitive when V is between o° and 180°, and negative when N is

b"?:.'“ 18¢° and 360°; thus it is necessary to observe what is the value of IV, because [ is always
positive,
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THE TIDES

CHAPTER 1
Tidal Observations

1. In order to obtain data for harmonic analysis, it is necessary, in
the first place, to determine the heights of water at any port above some
fixed mark or datum for every instant of time, for a more or less extended
period, in order to obtain values of tidal constants for the purposes of
prediction of tides, by means of harmonic analysis.

Practically the determination of the tidal heights at any station
enables zeros of level to be fixed for purposes of survey, and affords data
for the calculation of the rise and fall of the tides at a future period.
The tide tables prepared by means of these data subserve the purposes
of navigation.

2. Tidal heights can be read direct on a graduated tide-pole
erected in the sea, but as the latter is continually
being disturbed by waves, observations taken on a
pole are not very accurate.

The measurements can be better obtained by means of a Self-
Self. Registering Registering Tide-Gauge of which there are .sever.al
Tide-gauces. ®  patterns. These exhibit the heights of the tides in
a graphical form by means of a pencil, driven by

the rising and falling water with the help of suitable mechanical
contrivances, marking a sheet of paper rolled round a drum driven
by clock-work.  The period during which the gauges are allowed
to work is five years for minor stations, as this is considered suffi-
cient to give a fair representation of the tidal oscillations at any
place, and permanently at other stations, or at least as long as
the general tidal operations last, and certainly not less than nineteen
years, 18-6 years being the period of revolution of the moon’s nodes,
which results in creating a certain tide which is expected to give valu-
able information with regard to the rigidity of the earth. It is of the
utmost importance that as few interruptions as possible may occur in the
observations, and when they do occur that they may be of short dur-
ation ; otherwise the method of interpolation employed in filling up the
breaks fails, and a more complicated and less satisfactory one has tq be

adopted.

Tide-poles.
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3. The choice of a site for the erection of a tide-gauge depends so
much on local circumstances that a careful recon-
Belection of a site . . .
for a tide-gauge. naissance of the fore-shore is a necessary preli-
minary to the selection of the best of the generally

limited number of suitable positions.

The gauge should be placed so as to obtain a fair representation of
the tidal oscillations of the surrounding area, and to secure this it is neces-
sary, (1) that the sea should have direct communication with the gauge,
and oot approach it through tortuous channels, (2) that the spot chosen
should be sheltered from heavy weather, and (3) that there should be
at least 5 feet at low-water at the cylinder. For example, a good posi-
tion would be the end of a pier or jetty, or the wall of a dock. It must,
however, be pointed out that a position in a cove or in a minor bay at the
head of a large bay, though it may apparently answer the above require-
ments, is not a good one for a tidal observatory, as experience shows that,
at stations where the range is small, (as in the south of India), the tidal
curves, recorded at such a site, often present a zig-zag appearance all along
the rise and fall.¥ The irregularitics are certainly not caused by rough or
lumpy water ; because it has frequently been noticed that they were be-
ing registered inside the float cylinder at times when the surface of the
water outside was perfectly smooth, and no swell or ripple was apparent
to the eye. There seems to be a slow throbbing or pulsatory action
going on in such localities, during hoth rise and fall, which the eye
does not readily detect ; for instance, during a rising tide the recording
pencil will remain stationary, sometimes for nearly five minutes, and
then gradually fall for two or three minutes to an extent representing
2 or 3 inches in actual fall of tide, then again remain stationary for
a few minutes, and afterwards move up on the rise. This will be
repeated at intervals during the entire rising of the tide, and the same
thing will recur in reversed order during the fall of the tide. In tidal
rivers no such peculiarities have as yet been met with.

When a station has been selected near deep water, a vertical
cylinder is fixed in the water in such a way as to admit it only through
holes small enough to annul wave-motion and large enough to cause
no sensible retardation of its rise and fall in the eylinder.

4. At several obscrvatories communication between the cylinder
and the sea was obtained by means of a connecting pipe, as explained in

._® This phenomenon, however, is not confined to coves, for at Madras and Bushire,
both exposed positions, the diagrams are most irregular, .
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Chapter IV Part I, G.T. Survey Vol. XVI. This method is not to
. be recommended, as the pipe 1s hiable to get blocked.

The tide-gauge which has recently been installed at Basrah by
the Port Authorities, was made by Messrs Glenfield and Kennedy. It
is worked on this prineiple of having a pipe connection with the river,
which as stated above, 1s not a satisfactory one. Its diagrams are more-
over on too small a scale for accurate readings.

5. The gauge in use at Prince’s Dock, Bombay, is now cnly main-
tained by the Port Authorities for their own requirements. A full
deseription of this pattern of instrument is given on page 16 Chapter 111.
Part 1, G.T. Survey Vol. XVI. This gauge has not worked satisfactorily
in the past having too frail working parts and too complicated mech-
anism. The float end band tends to twist and the paper gets torn by
the recording pencil. There are no adjustments for the height of the
latter, and the diagram is on too small a scale. Measurements cannot
be taken while the instrument is working, and breaks in registration are
not noticed till the diagram is removed.

Newnsan’s pPATTERN Ti1DE-GAUGE

6. The pattern of tide-gange used at the 7 working ports, viz:
Aden, Karachi, Apollo-Bandar (Bombay), Madras, Kidderpore, Rangoon
and Moulmein, is known as Newman’s pattern.. Its distinguishing
characteristic 1y that it is provided with a very long drum, whereby the
curves are delineated on comparatively large scales alterable at will. It
is superior to the other patterns and a description of it is given below.

General description.—To facilitate the detailed deseription, it will
be best to begin with a general account of the instrument.

The motion due to the rise and fall of the water is directly
communicated to a float partially immersed in it, and in order that the
float may be freed as far as possible from wave action, it is surrounded
by a cylinder into which the admission of the water is so regulated,
that there is no sensible retardation between its rise and fall in the
eylinder and outside. The float resting on the water inside the
eylinder rises and falls with the tide, and to the float is attached a
copper ‘band’ which passes over a wheel called the ¢stud-wheel’.

The rise and fall of the ¢float’ communicates motion to the
“stud-wheel ” by means of the ¢band,” and the ‘stud-wheel’ in turn,
by means of a projecting axle on which is fastened a ‘toothed-wheel,’
communicates motion {o another ¢ toothed-wheel.” On the same axis
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as the latter, and consequently moving with it, is another wheel
round which a flexible ‘chain’ is passed, one end of which is.
attached to the wheel and the other to the ¢pencil’” The ¢ chain’
is kept taut by a ‘counterpoise weight’ to ensure the ¢pencil’
following the movements of the ¢float.’

The ‘pencil’ moves longitudinally along a eylindrical ¢drum’
touching the surface with its point; the ‘drum’ revolves once
in 24 hours by means of ‘clock-work’ at the opposite end to the
float. The ‘drum’ 1s supported on a cast-iron ¢bed-plate’ and
the whole instrument on wooden trestles.

7. The size of the cylinder varies at different places, but it

The Cylinder. is generally 24 inches in internal diameter, and

1s usually made of thin iron plate, in sections of

from 4 to 8 or even 10 feet in length, with angle-iron flanges at each

end for bolting the lengths together: the bottom of the cylinder

should be closed with an iron plate, while the top rcaches to the

floor of the observatory, or preferably a little above it, so as to be
clear of the dust when’ the floor is swept.

The bottom of the cylinder should rest on a concrete block,
to which it should be securely bolted, where water is likely to be
rough. In rivers, or sheltered positions it may be suspended from
stout beams fixed in the observatory floor. In both cases it should
be well braced down to low-water level to the adjacent piles, with
iron rods.

If the cylinder rests on the ground, the best inlet for the water
is through a number of holes 4 to 4 an inch in diameter, near the
bottom of the cylinder below the lowest level of spring-tides, but
at the same time well clear of the ground on which the cylinder
reste.

If it does not rest on the ground, the bottom of the cylinder
18 the best place for the holes.

8. The float is a cylindrical hollow copper vessel 1 foot in
The foat band and diameter and 9 inches deep and is of such density
atud-wheel. that it will just sink, if unsupported. The band
is a copper ribbon, about 1 inch wide, perforated

with holes about 24 inches apart.
It is attached by means of thumb screws and a plate to the
head of an upright rod, (or piliar), which carries 3 small rollers
so arranged that they bear on their upper surface a disc attached
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by three uprights to a plate soldered to the float. The rod pass-
es through the disc, its lower end being pivoted into the plate,
so that the arrangement forms a kind of swivel and prevents the
band being twisted, which is most important.

The stud-wheel is of brass, about 9% inches in diameter, with a
rim an inch wide: it has studs of the same diameter as the holes
in the band, placed in the rim at intervals also of about 24 inches,
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 length that it passes over the stud-
wheel and about 6 feet beyond, when the float is in its lowest posi-
tion in the cylinder. To the end of the band, as a counterpoise to
the float, a weight is attached, and from its bottom a copper chain
is suspended, which theoretically should be equal in weight, length
for length, to the copper band. The- other end of the chain 1is
attached to a hook below the float, so as to form with the band a
sort of endless chain passing over the stud-wheel and reaching to
the bottom of the eylinder. This contrivance is introduced in order
that the pull on the float shall be constant, otherwise a systematic
error is introduced between rising and falling water. The counter-
poise weight should be such as to give a decided preponderance, of
say 3 or 4 1bs, on the float side; but when once adjusted i1t
should not be altered. without noting the faet in the inspection
book. When the whole system of float, band and counterpoise
weight is hanging in position in the cylinder, there should be 3 or
4 inches space between the float and cylinder on the one side, and
the counterpoise weight and ecylinder on the other.

9. The bed-plate is of cast-iron about 7 feet long, 1 foot
broad and % of an inch thick, the upper surlace
being carefully planed. Underneath this plate
and cast in the same piece with it, is a web or frame work, 4 inches
high, which extends to within an inch of the edge of the upper plate
both at the sides and at the ends, and has diagonals or stiffeners.

10. The web rests on a wooden trestle the top of which is 5 feet
long, 1 foot broad and 2 inches thick : the legs
are splayed and firmly braced. The trestle is
Placed longitudinally in the observatory and touching the top of
the cylinder at oue end, being thus in such a position as to bring
the stud-wheel almost over the centre of the cylinder.

The hed-plate.

Trestie,
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The axle of the stud-wheel is supported on two uprights fixed
to the bed-plate. The axle is about 8 inches long and carries at
its other end a toothed-wheel which is in gearing with another
toothed-wheel. The latter is fixed on an axle supported by two
arms fastened to one of the uprights which support the drum.

11. 'The toothed-wheels are constructed in couples so as to
The toothed-wheels, €02Ple the working scale on the tidal diagram to

be varied at pleasure, from the natural or full
scale to that of 1th, according to the range of the tide. Six couples
are supplied with each gauge, giving scales of 1, %, 4, }, ¢ and };
and as the drum is 5 feet long, any tide whose range does not
exceed 30 feet can be safely registered. At Bhavnagar where the
range is over 36 feet a % scale was employed. In practice the
couple is selected which enables the tidal curves to be exhibited on
the largest scale possible.

12.  The axle which carries the toothed-wheel also carries a chain
wheel, round which the chain regulating the motion
of the pencil-holder winds, so that the motion of the
water is communicated to the pencil. This wheel is about 5 inches
in diameter and its rim is spirally grooved to receive the chaip which
winds around 1t without overlapping.

13. At about 10 inches from ecach end of the bed-plate there are
brass uprights and on each of these a pair of friction-
rollers is fixed,,the pins on which the rollers turn
being screwed into the uprights some 5 inches above the bed-plate.

14. The drum which is 5 feet 3 inches long and exactly 24 inches
in circumference revolves between the uprights:
it is composed of sheet-brass and is made as nearly
as possible a true circular cylinder. Axles project from each end and
rest on the friction-rollers: one axle is elongated and, passing through
an oblique slot in the upright, carries a toothed-wheel which gears with
the driving clock. The position of the drum is horizontal and it
carries the paper on which the tidal enrve is registéred.

Two grooves about i of an inch deep are cut round the drum
near each end and exactly 5 feet apart and a third is cut midway
between the two first. The groove at the clock end is generally adopted
as the zero-line of the gauge. When the paper is fixed on the drum,
the zero, middle and end lines can be indicated on it by rubbing over
the grooves with a hard pencil. The paper is nearly 5 feet 3 inches
long and extends well beyond tle extreme grooves.

The chain wheel.

The friction-rollers.

The drnm.
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The paper is wrapped around the drum and held in position by
clips, the edges of the paper being pasted together along the length
of the drum.

15. Parallel to the drum and fixed above it to the brass uprights
are two bars of solid brass drawn to angle shape
and between them moves a slide carrying the pencil-
holder, in such a position that the pencil is exactly
over the axis of the drum. The pencil-holder slide, which is a double
T-shape, moves along the bars and is pushed towards one of them by
means of a spring, so that it has no lateral motion. The upper flan-
ges of the parallel bars are gripped between the springs and the upper
plate of the slide for extra smoothness of motion.

The bars are prevented from buckling or having lateral motion by
two arched stiffeners which are serewed on to the outer sides of the
bars and allow the pencil-holder slide to pass through them.

Arrangements for.
the pencil,

16. To each end of the upper plate of the pencil-slide, hooks
are fixed : to the one nearest the float, a flexible
chain, (see para 6), is fastened and carried from
thence round the chain-wheel, to which the end of
1t is made fast. The loop itself forms a swivel on a cylindrical capstan-
headed screw which works into the upper plate of the slide and by
means of which the pencil can be set exactly to the zero of the gauge
for height.

The chain and
counterpoise weight.

To the other loop a silver wire or a piece of whip-cord is tied which
passes over a rimmed pulley at the top of the driving clock and has a
weight of about 5 1bs attached to its other end. As the pencil-slide
moves between the bars, the weight rises and falls and a sufficient space
must be allowed for its drop.

17. The pencil-holder is a small tube which screws into the
slide and is adjusted so that it almost touches the
paper on the drum. It is made to contain common
leads which are pressed down on the paper from above by a weight of
two or three ounces, placed in a cup provided for the purpose.

The pencil-holder.

18. The driving clocks in’use are of two kinds. The regulator
clock’ with English lever escapement, (gold hair-
spring), and a similar clock with a pendulum. The
latter does not work well in positions where the gauge is liable
to shight vibrations, in such cases the ‘regulator clocks’ should be

employed.

The clock,
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The movements are boxed in by movable brass slides and
the oil-cups are protected by bushes. The drum is driven by a
toothed-wheel of the clock gearing with another on the axle of the
drum. The arrangement for connecting and disconnecting the drum
and the clock is as follows :—A clamping screw with a milled head
is connected with an interior arbor or spindle, so that when the screw
is clamped the driving toothed-wheel of the clock is not movable on the
arbor, but when the screw is released the wheel can turn freely, and
thus permit the drum to be placed in any position required. The
dram can thus be set so that the pencil shows the correct time on
the diagram and the clamping of the screw then brings the two
toothed-wheels into connection with the rest of the wheel work of
the clock.

19. In order to prevent any back-lash which may exist between
the gearing of the clock and the drum, a cord
carrying a weight of about 5 1bs, is attached to
and encircles a barrel on the axle of the drum and
passes over a pulley on the bed-plate. This barrel carries a pawl
which drops into a ratchet-wheel on the drum: it also carries a
crown-wheel which gears with a bevel-pinion. This pinion turns
freely in a socket fastened to the upright which supports the clock
end of the drum. The outer end of the pinion is square so that the
key which winds the clock fits it. In winding the pinion the barrel is
also turned, thus winding up the weight which prevents the back-
lash, while any backward motion is stopped by the pawl and ratchet
on the drum.

20. As the drum for the diagram may not be quite circular, the
position of the pencil, as the clock shows the
exact hour at four different times of the day, is
marked on the diagram which is afterwards re-
divided in accordance with these marks.

21, No system of tidal observations can be considered complete
which does not contain a continuous record of the
atmospheric conditions at the station. Consequent-
ly at every tidal station, when observations were In
progress, (with the exception of Bombay where the information was
supplied from Colaba), the following auxiliary instruments were
maintained :—a  self-registering aneroid barometer to measure the
momentary variations of pressure, and a standard mercurial baro-
meter to check the aneroid from time to time and enable its index

The back-lash
weight.

Ellipticity of the
drum.

The auxiliary ins-
truments.
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error to be determined; also a self-registering anemometer indicating
the velocity and direction of the wind at every moment, a maximum
and a minimum thermometer and a rain-gauge.

These auxiliary instruments have since been removed from all the
observatories. A description of the instruments, however, is given
below for the information and assistance of officers inspecting at any
new station at which it may be desirable to take observations in
future.

22. Two classes of self-registering aneroids are geuerally used
viz:—those made by Légé and Co., and by Richard
Fréres, of Paris. All new instruments are of the
latter type, which is much the simplest. A des-

Self.registering an-
eroid,

cription of both is given below.

In Légé’s self-registering aneroid barometer there are seven
vacuum-chambers or boxes coupled together; the top one is attached
to a screw used for setting the metallic registering pointer and to
the lowest is fixed a fork with hardened steel knife-bearings. On
these bearings rests, by means of knife-edges, a lever which connects
the balancing-spring with the vacuum-boxes, being pivoted on other
knife-edges midway between the attaching points. The vacuum-
boxes and balancing-spring are placed on a brass frame.

The balancing-spring is a spiral one hooked at the bottom to
the lower edge of the lever and at the top to a screw working in
the upper patt of the frame, by which its pull in connection with
the lever is so adjusted that the reading of the instrument corres-
ponds to that of the mercurial barometer under the particalar
atmospheric conditions existing at the 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 amount of motion produced by the variation of the atmospheric
pressure on the boxes is multiplied by the lever above-mentioned and
then again by a second lever which is supported on two uprights and
counterpoised. These two levers are connected together by a steel
rod pointed at both ends and pivoted in conical holes out of which it
is prevented from slipping by means of forks.

Projecting from the clock is a third lever of the same length as
the second and attached to it by a joint whose length is half the
height of the recording barrel. The joint is movable ,and at its
centre a metallic pointer is fixed for the purpose of marking on the
prepared paper ou the barrel; the pointer can be adjusted to press
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more or less heavily as required. The mode of marking is as
follows :—Attached to the back of the third lever there is a sliding-
piece which is pulled by the clock movement three times per hour
and by this motion the joint is twisted and the pointer pressed
against the paper.

‘ To the brass frame, on which the vacuum-boxes and balancing-
spring are placed, there is fixed a steel tube and on this the revolving
dram pivots, being maintatned in position by a nut serewing in the
top of the tube. The tube is hollow to admit of a turnscrew being
inserled to set the recording pointer to agree with the mercurial
barometer. At the bottomn of the revolving drum there is a toothed
crown-wheel which gears with a pinion driven by the clock. The
dram revolves in 8} days. The recording barrel, on which the
specially prepared paper is fixed, rests by its own weight on the
revolving drum and has a knob on the top with a hole through
it of the same size as the hollow in the steel tube. The several
parts are fitted on a substantial brass plate, about 21 inches long
and 6 inches wide, screwed on to a board  an inch thick and the
whole instrument is fixed in a neat case with a glass front, the top
and front being made to open on hinges.

The Richard instrument is of much simpler construction, and
much less liable to get out of order. The recording pen is placed
at the extremity of a long aluminium style, which is connected with
the vacuum-box by means of a system of multiplying levers. The
pen records the pressure on a brass drum, round which the diagram
paper is wound, for which purpose a special ink is used. The drum
is revolved by clock-work once in 8 days. The following instruc-
tions are supplied by Richard Fréres with the instrument:—

(«) Open the case of the instrument.

(6) Fit the pen on the style: bring it away from the eylin-
der by means of the pivoted pin and turn the eylinder
to the left so that the spring binder fixing the paper
on the drum is on the left side of the pen.

(¢) Take off the spring hinder.

(d) Place the key in the opening which is closed by the
milled edge brass button and wind up by turning the
key to the left, (the other opening, closed by a sliding
plate is only used for regulating the escapement and
must not be left open). The cylinder should be main-
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tained firmly with one hand while winding up with
the other.

(¢) Place the paper round the drum, the right end under the
left one and in such a way that the latter be in a line
with the two slots in which the spring binder fits, so
that, when this one is fixed on again, the two ends of
the paper are pressed equally and without passing the
binder. Care must be taken to lay the paper perfectly
flat and to let its lower edge rest on the projection at
the bottom of the cylinder.

(7#) Put the ink in the pen without filling it up. No ink
must be allowed to remain on the style, especially if
it is made of aluminium, as it would become corroded.
If the ink overflows, the pen must be taken off, dipped
in water and allowed to dry; the style must also be
washed and dried, a drop of oil placed on the thin end
of the style and the pen re-fitted.

(g) Turn the cylinder round its axis so as to make the time
correspond with a clock, and if there is a standard in-
strument, make sure that the indication of the self-re-
cording one is exact; if there is any difference, turn to
the right or left, as may be required, the square nut
which is placed underneath the case.

(#) Push back the pivoted pin which kept the pen away
from the paper and give the -pen a slight up and down
motion to make sure that it writes.

In order to trace a regular diagram, the pressure of the pen on
the paper must be very slight; to ensurve this, the instrument must
be tilted forward to an angle of about 30° to 45°. When in that
position, the pen ought to lose contact with the cylinder, if. it does
not, the pressure is regulated by means of the milled edge knob
placed at the broadest part of the style, the elasticity of which is
sufficient to give the necessary pressure.

(¢) Close the case of the instrument.

Cleaning the Pen.—When the pen 1s dirty, let 1t remain for
some time in clean water and wipe it with a piece of thin linen or
a fine brush. This is necded only once in every three or four
months. Generally, if the pen ccases writing, it is sufficient to take
it off and slip a piecc of thin puper between its two blades.
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Ordinary ink must never be used, as the admixture of a single
drop with the special ink would decompose the latter.

Important Nofice—The pen-bearing style must always be ¢n
front of the pivoted pin which serves to keep it away from the
cylinder. If, on receiving the instrument, it is found that during
the transit the style has got befween the pin and the cylinder it
must be lifted up and placed again in front of the pin.

23. The self-registering anemometer is fitted with Robinson's

The self-registering cups and steering-vanes and is about half the

anemometor. ° size of Beckley’s standard anemometer. A special

long protecting tube is fixed on the cross-bars

carrying the cups to prevent dust or rain blowing into the

bearings. The steering-vanes are made as large as possible with a

sharper angle than usual, and the screw working the wheel of the

indicating shaft has a quicker thread, so as to make the motion of
the vane still more rapid.

The recording instrument has larger crown-wheels than usual, so
ag to produce an easier gearing. The driving-barrel of the eclock
movement is drilled through its centre and a shaft passed through
the hole having at one end a pinion gearing with the reading barrel,
and, at the other, in front of the clock, a milled-headed screw. This
arrangement allows the registering drum to be easily set, for by
loosening the screw the shaft becomes free and after the drum is set
to correct time, the clock connection is made by clamping the
screw. :

To prevent the back-lash of the recording barrel, the pinion on
the centre spindle of the driving-barrel of the clock in gearing with
the recording barrel is double; one part of this pinion is fixed on to
the spindle and the other is loose but attached to the fixed part by
means of a circular wire spring, and, this being pressed back when
gearing, the double pinion causes the tooth of the recording drum,
which is in gear, to be clamped on both sides and thus prevents lost
motion.

The clock has a good lever escapement with gold hair-spring
and is driven by a weight; a dial showing minutes is fitted on to it.

The recording is done by the usual spiral metallic pencil mark-
ing on specially prepared paper. Spare parts are occasionally

required, especially for the worm gearing in the small box just
below the cups.
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Sometimes it is necessary to place the anemometer at a distance
from the tidal observatory in order to obtain a site freely exposed
to the wind from every direction.

24. A tidal observatory is constructed of wood and is usually
The obsorvatory, 0 made as t-o I.)e readily taken to pieces and put
together again in order to be removed and re-

erected.

It is about 12 feet by 9 feet in plan and 12 feet high in the
middle up to the ridge, from which the roof slopes down to the
sides which are 8 feet high.

The internal fittings consist of a cupboard placed on the wall
for keeping records and supporting the self-registering aneroid; a shelf
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.

25. Outside the observatory and attached to a pile of the pier or
to the wharf wall, a graduated staff is fixed verti-
cally, in such a position as to be easily read, so
that a comparison of the level of the water outside and inside the
cylinder may be readily made by simultaneous readings of the pencil
on the diagram and of the water on the graduated staff.

26. Two or three bench-marks are laid down in the vicinity of
every tidal observatory and connected with the
bed-plate by first-class levelling vide Levelling
chapter. They are either cut in the dock-wall, or on the steps of
some neighbouring building, or are cubical blocks of masonry, about
3% feet each way, containing a large stone imbedded on the upper
face. The stone is inscribed to show that it is a bench-mark of the
Great Trigonometrical Survey, and the year on which it was laid
down is also given. In the centre of this stone, a square depression
of 5-inch side and } inch deep is cut and nicely smoothed, its size
being just sufficient to allow the levelling-staff to turn freely in it.

27. The trestle is first put in position, longitudinally in

To set up and start the observatory. The tide-gauge is next set up
:ﬁ;ze wallf1 registering  on the trestle touching the float cylinder at one end
gauge. in such a position that the centre of the float,

The graduated staff.

Bench-marks

the band and counterpoise weight shall all be in a diametral plane
of the float-cylinder, and also so that the float and counterpoise weight
shall each be about 3 or + inches from the sides of the cylinder.
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The trestle is then wedged up so that its top is nearly level, and
its legs are firmly screwed to the floor. After this the bed-plate is
levelled, longitudinally and transversely, by driving wedges in between
the web and the top of the trestle. The extreme range of the tide
having been found roughly, either by observation on the staff or from
local information, the various parts of the instrument are tested,
to see that they work freely and that there is enough drop, at
extreme tides, for the counterpoise weight attached to the pencil
traveller. '

The working zero of the gauge should be at least 18 inches
below the lowest low-water on record.

The wheels to govern the scale of the diagram are now placed
in gear with the float-wheel, a trial diagram put on, and the instru-
went approximately adjusted so that at half-tide the pencil will be
at the centre of the drum. Sometimes the zero of the gauge is
made to correspond with some particular level which has been taken
as the datum for local surveys and the instrument is adjusted accord-
ingly, :—e.g. when soundings are being taken in .the vicinity and the
times noted, the gauge readings at those times may be made to indi-
cate the amounts to be subtracted from the soundings to find the
distances of the bed of the sea below the datum.

Whatever be the approximate adjustments, careful measurements
must next be taken to determine the distance of the water below
the surface of the bed-plate when the pencil is on the zero of the
gauge. In making these measurements, called ‘zero measurements,’
a special apparatus is employed.

28. A flat strip of brass with a right-angled band is fixed by
two or three counter-sunk serews to the top of
an ebony scale, divided into tenths, hundredths
and five thonsandths of a foot, so that when the flat piece of
brass lies on the top of the bed-plate, the scale hangs vertically
down; care is taken to have the under surface of the flat piece,
which rests on the top of the bed-plate, corresponding exactly to the
zero mark of the ebony scale.

A small circular wooden disc, 3 inches in diameter and 4 an
inch thick, bevelled at.its edge from the bottom towards the top,
is attached by means of a brass slip fixed on the top of the dise,
to the end of a Chesterman’s steel tape. The slip is made of two
brass plates, about 24 inches long and 1 inch broad, one fixed
vertically nearly at the centre of the disc, and the other atta-

Zeto measurements.
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ched to the first by four screws at its corners, so as to be removed
at pleasure. The tape is held between the plates, and, when the
screws are clamped, the disc is suspended by the tape. The disc is
slightly loaded with lead, so that, when hanging from the tape, its
under surface is quite horizontal. The distance from the bottom
surface of the dise to the top of the clip, is exactly 3 inches; the
3-inch mark on the tape should, therefore, be made to correspond
exactly with the top of the clip, so that the bottom surface of the
disc may correspond to zero on the tape. Steel tapes should be used
when possible, but, if for any reason only an ordinary metallic tape
is available, it should be tested by applying it to a standard levelling
staff, the disc arrangement being held suspended all the time, so
as to have the tape in tension under the same condition as it would
be when in use.

The measurements are taken as follows:—The ebony scale 1s
suspended from the bed-plate above the float-eylinder, apd the disc is
lowered into the cylinder, care being taken to keep the tape close to
the side of the scale; this is done by running off more tape than is
required, passing 1t across the bed-plate and holding the tape on the
top, so that it can be paid ont easily and in very minute increments
of length. When the disc is seen to be close to the surface of the
water, warning is given to the clerk who is standing by, ready to
mark the exact position of the pencil on the barrel. The lowering
is continued very carefully, and actual contact with the water is
noticed by the dise causing a tremor on the surface; at the moment
of contact a signal is made to the clerk who marks on the diagram
the position of the centre of the lead pencil, and the distance in feet
is read off the tape, while the ~tenths, hundredths and thousandths
are read off the scale. This distance is entered in the inspection
book in one column: the measurement of the position of the pencil
above the zero-cut on the drum is then carefully made, by using
another scale, and cntered in the next column. The latter entry is
multiplied by the denominator of the fraction indicating the working
scale of the gauge and enterel in a third column. The sum of
the entries in the first and third columns gives a value of the dis-
tance of the water from the bed-plate with the pencil on the zero-
line, or, in other words, the distance of the zero of the gauge from
the bed-plate.

As a rule, twenty such measurements are made and the mean
taken. The measurements have to be taken both during a rising
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and a falling tide, (when it is well on the rise or fall), and the
mean of the two sets is the adopted value of the zero below bed-
plate: this eliminates the influence of the lost motion or back-lash
between the two toothed-wheels connecting the stud-wheel and chain-
wheel and also the error arising from looseness of the pencil in the
pencil-holder. 1f the value of the distance of the zero below bed-plate
agrees with the true zero, previously fixed upon in regard to the
datum, there is nothing more to be done; but if not, the chain
must be lengthened or shortened by means of the milled-headed screw
until the agreement is complete ; reference lines are then painted on
the band at the level of the top of the bed-plate, when the pencil is at
each of 3 grooves in the drum, and the gauge may then be started.
The float-end of the bed-plate should now be connected by
careful spirit levelling with the bench-marks and with the grad-
uated staff, and, if necessary, the graduations of the latter altered
so that its zero may correspond with that of the gauge.
It merely remains to set up and start the meteorological instru-
ments and the tidal observatory is in complete working order.
29. For each observatory there is a clerk provided, who is
_ generally one of the writers in the Port Office
Duties of the clerk . .
in charge. and receives a small increase of pay for the ob-
servatory duties; but in some cases special men
had to be engaged as in the case of Port Blair.* Printed instruc-
tions are given to the clerk in charge concerning his work which
should be carried out as follows :—
30. The observatory should be visited each day at 7 and
L 10 A. M. and at 4 and 6 p.M. except on Sundays
Hours of visiting .. . .
the observatory.  When two visits are considered sufficient; and also
twice a month at some other hour to change the
diagram.
31. The tide-gauge clock mnst be wound up twice a week and
The tide-gange '€ back-lash weight every evening. The positions
of the pencil on the barrel should be marked by
a circle of ink round the pencil, on each visit to the observatory,
at the exact hour, and the date of the month written alongside,
so that, should the drum not be truly ecircular, the diagram can be
re-divided by means of these hour marks. The preceding day’s
curve should also be inked in with one of the coloured inks sup-
plied. Simultaneous readings of the position of the pencil on the

* The observatory at Port Blair is now closed,
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diagram and of certain white lines marked on the float-band should
be taken once daily and the values to 2 places of decimals entered
in the report, so as to make sure that the band has not been dis-
placed. The heights of the tidal curve for each hour of the preced-
ing 24 hours must be carefully measured off the diagram to 2
places of decimals and entered in the report.

82. The clock of the tide-gauge must be compared daily with the
gun or time-ball, or with a watch previously
taken to the telegraph office, where standard time
can be correctly obtained at 4 ».nm. If the clock is in error by over
a minute, the error of the clock should be noted in the report with
a remark as to whether it has been corrected or allowed to stand.

The reading of the pencil on the diagram and the height of
the water at the same moment on the graduated staff (if there is
one) should be taken once a day and entered in the report. If there
is an unmistakable difference of two-tenths of a foot when the
water is calm, the cylinder should be flushed out and the communi-
cation holes examined. The diagram must have the zero, mid and
end lines marked by rubbing a hard pencil over the grooves cut in
the drum at these points. A line about half an inch long should
be rubbed at the hours of 10 a.M., 2 p.am. and midnight in a part
of the paper not marked by any curve, if possible. The marking
should be done on the day after the diagram is put on and again
on the day it is taken off, and the date entered against each set of
marks.

33. The diagram must be changed once a fortnight, when the
tide has well turned so as to make sure of get-
ting the highest and lowest tides. The change
is made as follows:—The new diagram is numbered, dated, and has
a narrow slip one inch long cut out in readiness for setting the
zero-line: it is damped all over with clean water and paste applied
to the overlap. The hour and date that the work was stopped is
noted in ink on the old diagram and the pencil-holder is taken off.
The diagram on the drum is next cut carefully along the 12 o’clock
line, the back-lash weight removed, the clips unserewed and the
diagram taken off, carefully rolled up and put aside. The drum
and the clock are then disconnected and the new diagram put on
the drum by first mhking the 12 o’clock line of the paper agree
with that marked on the drum and the zero of the diagram with
that of the drum; this can be done by means of the small slits that

Tide-gaunge clock

Changing diagram.
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have been cut out of the diagram. The clips are now screwed down
and the drum turned round by hand till the outer edge of the dia-
gram comes in contact with the 12 o’clock line and the height lines
meet. The pencil-holder must then be fixed and the clock and
drum clamped, care being taken that the pencil is over that part of
the diagram which corresponds, as nearly as possible in time, with
the time of the clock. The back-lash weight is carefully and slowly
put on and the hour of commencing work noted on the diagram.
It only remains to regulate the position exactly for time. This is
done by selecting any convenient hour, say noon, and at one minute
before, unclamping the clock-drum connecting-screw and, when the
second hand shows the complete hour exactly, bringing the centre of
the pencil exactly over the hour-line of the diagram and clamping
very firmly, otherwise the clock may fail to drive the dram.

34. Any remarks regarding the stoppage of the clock, or in
fact anything unusual, must be noted on the dia-
gram and in the daily report. If the clock
should stop, the weight must be removed from the pencil-cup and
the pencil slightly raised; the clock-drum connecting-serew must
then be unclamped, the drum being held so that the back-lash
weight does not run down, revolved by hand so as to bring the
pencil over that part of the diagram which corresponds as nearly as
possible to about 5 minutes in advance of the correct time, and the
pencil weight replaced : the clock must then be started and stopped
again, when it shows the first exact hour after starting, the peneil
should be brought exactly over the hour-line, the clock and the drum
firmly clamped and the clock re-started when the exact hour is
shown by the watch.

35. If by any chance the band should come off the stud-

Displucement of wheel, it should be replaced carefully by t}xrning

band. the wheel until the pencil is on the zero-line of

the diagram and fitting the whole of the band

marked with paint on the stud similarly marked ; as the marks are

made when the zero-line marked on the float-band is brought to

agree precisely with the bed-plate, on the wheel being released, the
pencil will assume its proper position.

36. Should the chain between the pencil-traveller and the float

Breakage of choja "0 Preak, the pencil-holder must be removed
or wire. from the traveller, the counterpoise weight detach-
ed and the two pieces of the chain taken out and

Stoppage of clock.
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re-rivetted. The ends must then be attached to the wheel as before,
and the stud-wheel turned by hand till the 2'5 line painted on the
band is on a level with the bed-plate. If the deviation of the peneil
from the 25 line on the barrel is small, it can be set right by the
adjusting screw attached to the pencil-holder; but if the deviation is
more than the screw admits of, one of the change-wheels will have to
be taken off, turned one or two cogs and refixed, the final adjust-
ment being made by the screw attached to the holder.

During the whole of the operations great care must be taken
that the band does not kink.

In the case of a pipe connected tide-gauge, the stop-cock must
be opened every day at high-water or near as is convenient, but
not if the level of the water is nearly the same as the height of
the stop-cock.

37. The aneroid and mercurial barometers and the thermometers
attached thereto should be read daily at 7 and
10 o.M, and at & and 6 p. M.

Aneroid barometer,

In the case of Légé’s aneroid should the eclock stop, the hand
must be gently turned round till it points to the proper time as
shown by the tide-gauge clock. 'T'he barrel of the diagram must
then be turned until the pencil points to the proper time, but in
doing this great care must be taken, otherwise the gold thread in
Adie’s pattern or the marker in Légé’s may be broken. In the
former, it should not be attempted if the clock hands are between
5 minutes to an hour and 10 minutes past the hour as the pencil
marker suspended to the gold thread is at these times, either press-
ing or close to the barrel; and in the latter, it may be best done
at 5 minutes past a full hour.

Richard’s aneroid has no clock face. The point of the pen must
be made to correspond on the diagram as nearly as possible with the
time indicated by the tide-gauge clock.

The aneroid clock must be wound up every Monday morning
and may be regulated by stopping for a few minutes if fast or
pushing the minute hand forward if slow; but for one or two
minutes’ error it need not be altered.

The aneroid dingrams should be carefully numbered and changed
every Monday morning, and the sheets should be carefully inked as
they are taken off and put away.
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38, The anemometer clock must be wound up every morning
by pulling the cord with the small weight and
thus raising the heavy weight close to the bed-

Anemometer.

plate.

The anemometer diagram must be changed daily at 7 a.m. and
the diagrams dated and numbered, the hour being recorded as put
on at such a time, and taken off at such a time. The number of
miles of wind for the last 24 hours must be entered in the report,
and is obtained by counting the number of velocity lines and multi-
plying by 10. The diagrams must be carefully inked in daily.

The instruments should be all oiled occasionally; and in the
case of the anemometer, 1f the direction of the wind has been
steadily from one point for many days without altering, as in the
S. W. monsoon, the fans of the direction gear should be turned with
the hand until the vane has made one or two complete revolutions,

39. The daily reports must be made up in duplicate and one
copy sent by post to the head office. Anything
unusual must be marked on the diagram and
noted on the back of the report, and if anything emergent is required
to be done, the port officer must telegraph to the officer in charge
of the tidal party.

40. As a rule an inspection is made once a year, but some-

times oftener. Of course if any interruption has
ob]sl;igictgr? Oé‘e‘i:lﬁ{ taken place, such as the removal of instruments
remurks, by the port officer for safety on account of a

cyclone, as has occurred more than once, or for
the settlement of the observatory, thus necessitating a temporary
suspension of the observations pending repairs, then an inspection
should be made as soon as possible after the information has been
received.

The snbstructure of the observatory should be carefully inspected
at every visit, especially when the cabin stands on piles. The verti-
cality of the float eylinder should be tested. If the cylinder, from
any cause, is no longer vertical, the float, at low-water, may come
in contact with the side of the cylinder and the friction thus caused
will give a false record on the diagram.

When it is intended to make an inspection, the first thing to be
done is to test the accuracy of the one-foot graduations of the
Chesterman’s tape with which measurements for determination of
working zero will he made, especially when a metallic tape is used.

Reports,
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The inspecting officer ought to carry in his inspection box, a
copy of this hand-book and of the current tide-tables for Indian
ports, and the necessary scales, measuring tape, and other instru-
ments required at an inspection.

The inspecting officer, accompanied by a mechanie, to dismantle,
clean, repair if necessary, and refit the instruments, attends to the
following points when making an inspection; and at the time of
inspection writes in the observatory inspection book, under appro-
priate heads, a report, a copy of which is forwarded to the head
office. The usual heads of the report are:—

"~ General remarks.
Bench-marks.
Details of levelling.
Self-registering tide-gauge.
Details of determination of working zero.
Auxiliary instruments.

The general remarks should contain an account of the working
of all the instruments since the last inspection, and should draw
attention to the manner in which the observatory clerk performs his
duties, and to anything else requiring special notice.

41. On arrival at the tidal observatory, 1t is necessary in the

first place to ascertain if any settlement of the
phic;?negt;igph?lfn::ﬁ; tide-gange has taken place, by connecting the float
and staff, end of its bed-plate by spirit-levelling of preei-

sion with the bench-mark of reference, which in
its turn should be similarly connected with the other bench-marks,
and with the graduated staff, in order to test the accuracy of the
zero of the latter. The report should give both the results and the
details of the levelling, and should mention the condition in which
each bench-mark and the staff is found; it should also mention
whether the bed-plate is level both longitudinally and transversely.

42. Before cleaning the gauge, a set of measurements for the

determination of working zero at a rising tide and
anﬁe;f;:lf;”;':\‘(f"b‘]‘(itls another at a falling tide, each set to consist gener-
comparisons ally of not less than 20 measurements, should be

taken ; their mean will give a value of the distance
of the working zero below the bed-plate. This eliminates the influence
of the lost motion, or back-lash, between the toothed-wheels connect-
ing the stud-wheel with the sheave for the wire of the pencil-slide ;
it also cancels the error arising from looseness of the pencil in the
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pencil-holder. If it should be necessary to continue these  measure-
ments, another pair of sets should be taken before proceeding with
the inspection. These measurements for determination of the work-
ing zero should be made when the tide is well on the rise and fall,
and not when it is almost high or low-water. The method of
taking them has been previously explained in para. 28 and, in entering
them in the inspection report, it should be stated that they were
made before cleaning the gauge.

Concurrently with the measurements for the determination of the
working zero, mentioned in the preceding paragraph, 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, should be made both at a rising and falling tide, and entered
in the report.

Before cleaning the gauge, its clock should be compared with
the telegraph or gun time by the inspecting officer, as a check on
the previous recent comparisons entered by the observatory elerk in
his daily reports.

43. The balance of the gauge ought also to be tested before be-

talagoe of gauge ginning to clean the instrument. '-I‘his may be
and sotting of pencil. done with sufficient accuracy by raising the float
completely out of the water by gently turning the
stud-wheel, and then taking the reading of a spring-balance hooked,
for the purpose, to one of the holes of the band on the counterpoise
side. The reading of the spring-balance will give the preponderance
of the float. There ought to be a decided preponderance of, say, 3
or 4 Ths. on the float side, but the weight when once adjusted should
require no alteration, as it would affect the value of the zero-line.
Should the preponderance be found to have increased, it points to &
probable flaw in the float sufficient to have admitted an influx of
water or to a break in the counterpoise chain on the side of the
counterpoise weight.

After testing the balance of the gauge, and before cleaning it,
the 2-5 painted line of reference on the band should be brought to
the level of the bed-plate, when the pencil should be exactly on the
2.5 or mid-line of the drum (not diagram). If the pencil be found
out of this position, the discrepancy should be measured and noted.

44. Then, the float and band should be raised into the obs-

Dismentling gauge. ¢! Vatory for examination and measurement, apd
the time noted. This is the first step in the die-
mantling of the gauge, preparatory to cleaning it. The total length of
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the band should be measured, also the distances from the painted 2°5
line and from the painted O line upon it to its junction with the
float. It is often found necessary to replace an old and worn band
by a new one. It is well to carefully mark off the position of the
2+5 line, from the old band on the new one, with reference to the
float, so that the new band can be put on in exactly the same relative
position as the old one. During the inspection of the Bhavnagar
tidal observatory in December 1887, it was found that the read-
ings of the band and pencil agreed, but the measurements for
determination of the working zero differed largely from what they
ought to have been. The measurements and examination of the
band disclosed that it had broken close to the float, and i1t was
found that the observatory clerk had tried to conceal the breakage
by attaching the float to the band at the place where the breakage
had occurred. The float should be closely examined and, if any water
is found in it, it should be repaired or renewed. In such a case it
is interesting if the quantity of water which found its way into the
float can be ascertained. The influx may have been sufficient to
alter the balance of the instrument and raise the working zero. As
an instance of this it was found that water had entered the float
of the Dublat tide-gauge in November 1882, in sufficient quantity to
raise the working zero 0-14 of a foot.

The dismantling of the gauge should now be completed, and it
should be thoroughly cleaned and oiled where necessary, special men-
tion being made in the report as to whether the driving clock
requires cleaning or not. The reference lines painted on the band
and stud-wheel at the last inspection should not as yet be obliterat-
ed. It should be mentioned specially whether or not the driving-clock
required cleaning.

45. After the several parts of the gauge are cleaned, they
should be refitted carefully, the band being re-
placed so that when its painted 25 line of refer-
ence is level with the bed-plate, the pencil shall be at, or close to,
the 25 line on the drum. The working of the band on the stud-
wheel, while the pencil is being moved along the drum from its zero
to the highest line of the diagram, should be tested; and it is best
if this can be done at low-water so as to reduce as much as possible
the chance of the band kinking. The working should Dbe smooth,
and each hole of the band should fit over the studs freely. Any
hole found too tight may be enlarged slightly with a file.

Refitting gange,
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The bed-plate should be made level both longitudinally and
transversely if necessary, and if this operation be found, by spirit-
levelling, to have altered the level of the bed-plate relatively to that
of the bench-mark of reference, the alteration of level should be
recorded.

46. The refitted gauge being now clean, level, and connected
by levelling with the bench-mark of reference, is
still unadjusted. To ascertain the amount of ad-
justment required, measurements for defermination of the working
zero at rising and falling tides should now be taken and recorded
as having been made after cleaning the gauge. If a combination of
the results of these measurements with the final level of the bed-
plate make the distance below the bench-mark of reference of the
working zero, thus obtained, to differ from the distance of the true
zero below the same bench-mark by a quantity appreciable on the
scale of the diagram, the position of the pencil must be adjusted
until the working zero coincides with the true zero. It is usual to
take one more pair of sets of measurements for determination of the
working zero (which should be registered as having been made affer

cleaning the gauge) as a final test of the perfect adjustment of the
instrument.

Adjusting gange.

The gauge being in adjustment, the reference lines painted on
the band at last inspection should be compared with the pencil
readings on the drum, and if the former are found out of position,
they may now be obliterated and new lines substituted for them,
special care being taken in the painting of the streaks, the wupper
edges of which mark where the readings of the bed-plate on the
band correspond with the readings of the pencil on the engraved
lines of the drum. '

47. The dismantling, cleaning, and refitting of the auxiliary

Auxiliary instrn- 1Dnstruments proceed hand in hand with the si.mi-

ments. lar duties in connection with the self-registering
tide-gauge. The auxiliary instruments are :—

Standard mercurial barometer.
Self-registering aneroid barometer.
Maximum and minimum thermometer.
Anemometer.

Rain-gauge.
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Of these only the self-registering aneroid barometer and the
anemometer require dismantling, cleaning, and refitting, and these
operations are carried out as desceribed in the following paragraphs.

48. The aneroid should be compared with the mercurial baro-
meter and its clock should be rated.

The position of the pencil-marker on the
diagram should be made to agree with the reading shown on the
dial, and adjusted, if necessary, by the screw; the diagrams should
be examined to see if the marker is working freely ; if they show a
straight line, i.e., no rises at 10 o'clock nor depressions at 4 o’clock,
then the marker will be moving stifily and requires cleaning.

Thermometer comparisons should be made between that on the
aneroid and that attached to the mercurial barometer.

The clerk should be made to read the aneroid and mercurial
barometers and the thermometer, and to set the maximum and mini-
mum thermometers.

The diagrams should be examined, and the clerk told if the
inking in has been properly done or not; the supply of blank
diagrams should be noted, to see that there are plenty for future
work.

49. The direction of the vane with the wind, and the marking
of the direction on the barrel should be tested.
The upper part of the instrument should be oiled
and the cups so marked that they cannot be put wrong.

The diagrams should be examined and the clock looked at, to see
if new catgut or anything else is required. If the diagrams are
faintly marked, the bearing of the helices should be looked at—they
should be quite free. If not, their edges should be cautiously
cleaned with a piece of fine sand paper.

50. Before ending his inspection, the inspecting officer should see

the observatory clerk make an accurate comparison
ie:g:&"rl;acnlzzi“:"‘}:}:: of the tide-gauge clock, which, like all the other
pection, " clocks in the observatory, should be set to standard

time, as the tide-tables are now published in terms
of standard time. The comparison may be made with the telegraph
or gun-time, allowance being made for the difference between local
and standard time where necessary, and the result entered in the
report.

The clerk must also show that, in addition to being able to rate
the clock, he knows how to bring it to correct time when it is fast

Aneroid barometer.

Anemoneter,.
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or slow, according to his printed instructions. A comparison of the
reading of the pencil on the drum with that of the band at the bed-
plate, and with the level of the water on the graduated staff should
be made and recorded after the tide-gauge has been put into adjust-
ment. The inspecting officer should see that a conspicuous note is
contained in the observatory report book, for the information not
only of the observatory clerk but of the 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 be taken on the diagram by day and night
during the interruption. If for any reason these readings can not
be taken, then hourly readings of the graduated staff (the zero of
which should agree with that of the gauge) should be taken by day
and night and entered in the daily reports. Should this amount of
frequency be unattainable, then it is indispensable that readings at
high and low-water should be taken day and night and registered
in the daily reports. If the cause of the interruption be of so serious a
nature as to render necessary the removal of the instruments from
the observatory, the promptest information should be sent to the
officer in charge of the tidal operations to enable him to arrange
for an inspection at the earliest possible date. The inspecting officer
ends his inspection by taking a note of whatever diagrams, ink,
books, pencils or other necessaries are required to be sent to the
observatory.

51. The tidal diagrams are examined and prepared for reduction in

the head-quarters office in the following manner:—

di ;ﬂiﬁ‘;'}i?nrggflgf Vertical lines in red ink are drawn through each
ion. set of the points which have been marked by the
clerk of the observatory, showing the position of

the pencil when the clock indicated the exact hours of 7 a.m., 10
AM., 4 p.M., and 6 P.M.,, irrespective of whether there was a clock
error or not; using these lines as bases, intermediale hour lines are
then drawn, which, when they cut the curve, show the position of
the pencil when the clock indicated ecach exact hour. The daily
reports are next examined to see if there aré any clock errors
amounting to 3 minutes or more, as compared with telegraphic time
or gun signal; if there are, then ( x ’s) crosses in red ink are made
on the tidal curves, the amount of error, fast or slow, being
measured from the red lines which have just been drawn. The limit
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of 3 minutes’ error has been adopted because 35 of an inch is the
smallest distance which can be conveniently and accurately laid down
in measuring along the curve, and % inch =3 minutes.

If the clock is fast, the cross is placed in advance of the hour-
line; if slow, then /lekind the vertical time-line. Thus, suppose the
clock 4 minutes fast at 2 p.M. the cross (x) is placed between the
2 and 3 p.M. lines at & of an inch from the 2 p.M. line; if, however,
the clock was s/ow by 4 minutes, then the cross (x)is put between
the 1 and 2 p.M. lines at L of an inch from the 2. .M. line,
This error 1s distributed proportionately to the time which has elapsed
since the clock was last corrected. As a rule, however, there is rarely
any correction of this kind required, for when the clocks are properly
attended to, errors of over 30 seconds are at once corrected by the
clerks. '

Interrupted curves or non-recorded curves caused by the stoppage
of the clock, or other suspension of the tidal registration, are carefully
filled in by drawing a curve in dotted lines exactly between the two
contiguous instrumental curves.

The zero-lines, to which all the measurements for height are
referred, are now laid down as indicated in the rules below, in which
the terms ‘true zero’, ‘working zero,” ‘accepted value of true zero,’
and ‘adopted level of bed-plate’ have the following meanings :—

52. The true zero is that which has been adopted in deter-
mining the datum-line tor heights in the tide-
tables. Its relative level with regard to the bench-
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.

53. The working zero is the level of the water with reference to
the bed-plate, corresponding to the pencil being
on the zero-groove cut on the drum. In starting
the instrument the working zero of course corresponds to the true
zero, but from various causes the instrument may get out of adjust-
ment, and 1its working zero may be altered. The position of the
working zero on the diagram is always marked by the clerk rubbing
over the groove cut in the drum with a hard pencil. In general at
an inspection, the working zero is made to agree with the true zero
by adjusting the instrument.

True zero.

Working zero.
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54. The accepted value of the true zero is the distance of the
Accepted valge of true zero from the bed-plate, which was deter-
true zero. mined when the bed-plate was fixed as regards its

relative level with the bench-mark of reference.
55. The adopted level of the bed-plate means the level of the
Adopted level of bed-plate with reference to the bench-mark, which
bed-plate. has been adopted in determining the true zero; as
a rule this will correspond to the level obtained

when the observations commenced.

56. The inspection book must first of all be examined to see
Rules for fixing true if the bed-plate has altered in level relatively to
2ero on diagrame. the bench-mark. If there is any difference from
the adopted level exceeding ‘02 of a foot, a correc-
tion will have to be applied on this account. The measurements for
the determination of the working zero at the various inspections are
next examined. If no alteration has been made in the adjustment
of the gauge during the inspection, then the whole of the sets of
measurements should be grouped, and the mean value would represent
the distance of the working zero from the bed-plate on the day of
the inspection.

If an adjustment has been made during an inspection, then those
measurements for determination of zero before and after adjustment
must be grouped separately, and the means respectively applied to
the ‘preceding and the following diagrams.

In treating the diagrams for any period between two inspections,
the distance of the working zero from the bed-plate must be taken
as the mean of the values obtained at the inspections.

The following are the cases which may occur and the ways of
adjusting for them :—

1. Bed-plate settled below adopted level.—The true zero will have
to be placed above the working zero at a distance proportioned to
the amount of the settlement in accordance with the scale of the
diagram ; hence the measurements from the true zero will be less
than from the working zero.

II. Bed-plute raised above adopled level.—In this case the true
zero will be placed below the working zero.

ITI1.  Bed-plate unaltered and working zervo at greater distanee
from bed-plate than accepted value for true zero.—The true zero in
this case will be placed «bove the working zero.
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IV. Bed-plate unaltered and working zero at less distance from
bed-plate than accepted value for true zero.—In this case the true
zero will be placed below the working zero.

V. Bed-plate settled and working zero at greater distance [rom
bed-plate than (rue zero.—In this case the true zero would be placed
above the working zero at a distance equal fo the sum of the correc-
tions on account of each event.

VI. Bed-plate settled and working =zero at less distance from
bed-plate than true zero.—If the correction for settlement is the
greater of the two the true zero will be placed «wbore the working
zero, and if the correction on account of the difference of zero-mea-
surements was the greater, then the true zero should be placed &elow
the working zero. Obviously the amount in each case would be the
difference of the two corrections.

VII. Bed-plate raised and distance of working zero from bed-
plate less than that accepted for true zero.—In this case the true
zero would be placed below the working zero at a distance equal to
the sum of the two corrections.

VIII. Bed-plate raised and distance of working zero from bed-
plate greater, etc.—The true zero should be placed below the work-
ing zero if the correction on account of the raising is the greater,
and above if the latter correction is the greater. The distance bet-
ween the two zeros is the difference of the corrections.

N.B.—1f the determination of the true shows that the working zero comes with-
in 0:005 of the true zero on the diagram, then no correction is considered necessary, and
the working zero is used as the line of reference in measuring the heights from the
diagram. Wliat is meant by being within 0-005 on the diagram is the actual difference
between the true nnd working zeros reduced to scale.

Water getting into the float or a break in the counterposse chain
on the side of the counferpoise weight would have the effect of
making the working zero ncarer the bed-plate than the value former-
ly obtained, and this would have to be treated under IV, VI, or VII,
according as the bed-plate had remained unaltered, had settled, or
had been raised. :

A break in the counterpoise weight on the float side.—This has
the effect of lowering the working zero and is treated under I1II,V,
or VIII, according as the bed-plate is unaltered, has settled or has
been raised.

A kink in the band.—If this occurred, and zero-measurements
were taken, it would have the effect of showing the zero so deter-
mined as being nearer the bed-plate than it would be if the kink



30

CHAP. I1.] THE TIDES

were removed, and if the band righted itself in the course of work-
ng, the determination for zero at next inspection would be at a
areater distance from the bed-plate than formerly.
Information to be recorded in the book entitled ‘Determination
of the True Zero on the Diagram’ should be somewhat as follows : —
(1) Level of bed-plate with reference to B. M. unaltered, or

settled by . . . . . . or raised by .o

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

(2) Distance of working zero from teet

bed-plateat . . . . ofin-
spection of . . . . 192 = . .
Distance of  ditto ditto at = value
: . of inspection of from . . to ..
e 192 |
Correction on aceount of (1) or (2)or (1) and (2)= .o
above
applied, and the true zero has been placed . . . . . . . {olow
the working zero from . . . . to .

No other inspection having taken place, the value of the work-
ing zero at the inspection of . . . 192 , as given above, has been
used in determining the true zero for the remainder of the diagrams,

above
and for these diagrams the true zero has been placed * below

the working zero in accordance with rale No. .

Cases may occur which will have to be specially tleated All
ordinary cases arve here dealt with.

Intermediate lines, generally about 6 inches apart, are now laid
dowu in red ink parallel to the true zero-line to facilitate the mea-
surements. These are made with paper scales differently divided,
according to the scale which may be adopted for the tidal diagram
1n each instance.
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THE TIDES

CHAPTER Il
The Tide Predicting Machine

1. This machine was constructed by Messrs Légé and Cos for
the Indian Government under the supervision of Mr. E. Roberts
in 1879 on principles suggested by Lord Kelvin. It was brought
to India in October 1921 and erected at the office of the Superin-
tendent of the Trigonometrical Survey, Dehra Dun.

(A full description of this instrument is given in Chapter VIII,
Volume XVI of the G. T. Survey of India).

Its object is to predict the tides for any port for which the
tidal constituents have been found from the harmonic analysis from
tide gauge observations, not merely to predict the times and heights
of high and low-water, but the depths of water at any and every
instant, showing thereby a continuous curve, for a year or any number
of years in advance. As already exp]a,i?led in para 16 of Chapter I,
the prediction of tides depends on the re-composition, or synthesis, of the
partial constituent waves into which the aggregate tide wave has
been resolved by harmonic analysis. The machine has been designed
so as to avoid the labour which would be necessary to obtain the
results by direct computation.

2. Its mechanism depends on the following principles by which
simple harmonic motions can be compounded in
one line.

If any number of pulleys be so placed that a cord passing from
a fixed point half round each of them has its free parts all in parallel
lines, and if their centres be moved with simple harmonic motion
of any ranges and any periods in lines parallel to those lines, the
unattached end of the cord moves with a complex harmonic motion
equal to twice the sum of the given simple harmonic motions.

As the movement of the pen is equal to double of the ampli-
tude owing to the cord passing over the pulleys, the factor used in
computations are so arranged that they allow for this, and give half.

If thercfore a hanging pen-box, consisting of a brass ink-bottle
with a pen, be attached to the cord, the pen will trace a continuous
curve on a long band of paper moved horizontally across the line of

Principle of Machine.
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motion of the pen by a vertical cylinder geared to the revolving
shafts of the machine.

By this method a curve is obtained giving the heights and times
of the tides for every day in the year from which measurements can
be made horizontally and vertically for the times and heights to be
recorded in the tide-tables.

Heights also can be read direct by attaching a wooden scale
graduated to feet and inches in front of the pen guide, and merely
estimating the heights of high and low-water as a fixed line on the
pen-box at the same level as the pen reaches the top and bottom of
its run. This method is very tiring to the eye and neck, and is
also liable to error through parallax when reading the scale, and is
therefore not recommended.

3. As at times there is a difficulty in estimating to which precise
point the horizontal or time measurements for high
or low-water on these curves should be made when
they become flattened, the machine can also be set (by changing the
phase angles of the components by 90°) to run a reverse curve, on
which the intersections of the curve on the mean-sea-level line represent
the times of high and low-water.

Reverse curve.

4. For time predictions a new Chronograph method has been intro-
duced, involving the use of an electrical contact made
by a small wheel substituted for the pen on the pen-
box on a suitable contact strip fixed at the mean-sea-level. This contact
is electrically recorded on a chronograph drum, which is revolved by
means of the S, mean solar diurnal component on the machine.

The machine being set to run a reverse curve, as above, a chrono-
time chart is obtained, on which each separate line, of about 22 inches
in length, represents a day’s motion, and the clicks thereon represent
alternately the times of high or low-water. The chrono. drum is
set to commence and end at noon standard time for each particular
day, and the noon line is recorded by means of a click made by
recording a contact on the drum at the commencement and end of &
year, or any other period of observations. If a line be ruled between
the first and last click so made, the noon line is obtained, and by
sub-divisions the 6 hour lines are ruled in from which the measure-
ments are taken.

By this method it is possible to measure the predicted times of
high and low-water more accurately on the greater length of paper
allotted to each day viz:—22 inches of paper as against 6 inches on

Chronograph method.
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the ordinary tidal curve. Moreover the exact times of high and low-
water are directly registered and have not to be estimated. It is
hoped therefore that, by these means, the time predictions may be
improved.

This renders the ordinary system of checking proofs, (and the
measurements and copy from which they have resulted), quite simple
by the method of reading the differences of times of alternate high
waters, as the differences, which are obtained from these more exact
measurements, are smooth, and no smoothing of times is necessary,
as used to be the case with the old method.

5. A further development of the chronograph method has lately
been suggested by Dr. J. de Graaff Hunter M. A, Se. D., F. Inst. P.,
who has devised a similar arrangement with multiple contacts corres-
ponding to successive values of ordinate, which records the main
character of the ordinary height-time curve. This arrangement indi-
cates the times the predicted height of water reaches the various
selected heights and forms in itself an 1deal tide-table, such as is
mentioned in Darwin’s Tides, 2nd Edition, p. 200. Copies of such a table
could be vandyked or reproduced for issue to navigators, who would
have to read off the information for themselves. For the present how-
ever we are concerned with the preparation of ordinary tide-tables
giving the heights and times of high and low-water only. These
can be obtained, precisely as explained in para 4, from a chrono-chart,
without the necessity for running a separate height chart, the whole
record being obtained on 2 pieces cf paper each only 22” in length,
as against 100 to 200 feet of paper required for the old 3” and ¢”
height-time charts. '

6. We will now more particularly describe the machine with
reference to the illustrations. The machine consists of a plate of
metal of oval form measuring about 3 ft. 8 in. wide by 3 ft. deep,
supported on {wo standards. Upon the plate supporting the erank
axes of the different movements are fitted the whole of the guide
pillars and bars of the parallel slides—hereafter described. At the back
of tho plate, and distant from it some 6 in., are bolted two skeleton
plates—I'ig. 1—carrying the other ends of the ecrank axes, which
aro provided with pointers a for setting, and also dials ¢ divided
into degrees, or to 360ths of the period of the tide component.
Between the plates are a horizontal main shaft ¢, and four oblique
shafts d, turning in the same time, the oblique shafts being driven
through the main sbaft, two from each end.
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7. The machine is driven by an electromotor, the main shaft re-
ceiving its motion from the driving gear through the approximately
vertical shafts ¢ pinned together. Rivetted to the oblique shafts are
the bevel wheels f, which are geared with other bevel wheels g, pro-
vided on their axes with endless screws %4 working into wheels ¢ on
the crank axes of the several components. The eclock-driving gear
also gives motion to the centre recording barrel j—Fig. 8—and
through 1t to the receiving drum barrel. The tracing point moves
vertically up and down in the frame immediately in front of the
recording barrel.

8. The chief difficulty in the construction of the machine is the
finding, within reasonable limits, of proportions which represent with
sufficient accuracy the periods of the respective tide components, in
order that the machine may be used for a considerable period of pre-
diction—say for twelve months’ tides. Very great success has been
attained in this respect in the present instrument. For instance,
the error of the period of the chief component—the mean lupar
semidiurnal —relatively to the mean solar semidiurnal, is inappreciable
during a whole year’s predictions, amounting to about 0-10 deg.
only in a period of fifty years. The greatest deviation from strict
aceuracy is 0°37 deg. after a run representing twelve months. This
is, however, one of the smaller components, and insensible in its
effect. This part of the design may therefore be regarded as practically
perfect.

Y. A crank £, Fig. 2, is fitted to the axis  of each component.
A sliding piece, carrying a steg] guiding pin m for setting, 18 fitted
in each crank. The guiding pin is thrown out from the centre of
the crank axis by meaus of a fine-cut screw and micrometer head .
The requisite distance of the throw of the guiding pin must be
previously determined by the proper analysis of tidal observations
of the port for which the predictions are required. It may be here
remarked that a year’s tidal observations will yield fairly good
constants, but a longer period of observations is very desirable. A
horizontal crosshead o carries at its centre a very light and well-
balanced pulley p. The crosshead is fitted at one end with an
adjustable eteel rod ¢, moving freely in two pillar guides, drilled
out nearly their entire length to reduce the touching parts tO' 8
minimum. The opposite end of the crosshead carries a projecting
fork, which travels with freedom on either side of a narrow, ﬂlft
brass bar supported on pillars. The steel rod of the crosshead 18



ROBERTS'S TIDE PREDICTING MACHINE,

CONSTRUCTED BY MEMERA A LEGE AND CO, LONDOX.

ZRT
WIv: @

gy 0

E - a
- f"‘ = 2R
tuw e way Y AR RS- 2" 2N S
u T
N T A< F
LS8 s g

i

=

E—

="

a—
i

'.'
T oo
£




Omap. II1.] * THE TIDE PREDICTING MAOCHINE

balanced by an adjustable sliding weight, fitted in continuation of
the projecting fork, so that the centre of gravity of the crosshead
and guide is in a vertical through the centre of the axis of the
pulley. The crosshead thus balanced is counterpoised by a cord and
weight passing over pulleys at some distance above it, in a vertical
through its centre of gravity and the axis of the pulley. At the
back of the crosshead are fitted two parallel steel jaws ¢, the lower
one adjustable, in order that the distance between them can be
regulated. Both the brass bar guide and the steel rod guide are
divided to millimetres; the brass bar guide for approximate and
the steel rod guide for the accurate adjustment of the throw of the
crank pin, for which purpose the upper pillar guide of the steel
rod is furnished with a vernier.

10. The head of the micrometer » is also divided and may be
used with the divisions of the brass bar guide. The pulley ecross-
head is movable on its steel rod for the perfect adjustment of the
pulley about the centre of motion of the crank axis. A fine
toothed wheel / is fitted on a slotted cone u, which can be clamped
to the crank axis by means of a serew nut v. This contrivance is
necessary, because each of the components requires to be set in
its proper position, previously determined by ecalculation at the
commencement before starting the machine. The setting dials 6 are
toothed round their outer edges and movable round their centres by
a pinion for setting. .

11. A fine flexible wire fixed to a large screw-head, a little to the
right hand at the bottom of the date-dial in the centre of the
machine—see the illustration—passes ulternately under and over the
pulleys of the lower and wupper series of components, till, leav-
ing the large pulley, it hangs vertically above the ink-recorder slide.
The wire carries at its free end an ink-bottle fitted with a fine
brass recording pen. The ink-recorder travels in a geometrical slide,
and 1s suspended to give just suflicient pressure to ensure contact
with the paper of the recording barrel. The recording barrel is
fitted with brass pins at equidistant intervals, to form the time indi-
cations on the paper by jerforation.

The time lines are ruled up by hand through the machine perfora-
tions, when the traced paper has been rcmoved from the machine,
a whole year’s rulings only occupying about an hour and a half.

12.  An index for setting the recording barrel to time is fitted behind
the framework near the upper axis of the barrel. The paper, which
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is continuous, and supplied from a reel w, Fig. 3, passes round two
grooved rollers z at the back of the recording barrel, and is held in
position whilst the pins enter the paper, and after receiving the traced
curves, is wound round the receiving barrel y. The receiving barrel
rests on toothed driving wheels, which are driven by the recording
barrel, and by friction turns and slips to accommodate itself to re-
ceive the recorded paper.

13. The machine used to be run when in England by means of a
small water motor and a falling weight. As an electromotor is now
used the lower part of the machine viz :—the cord barrel, clockwork
gearing, warning bell etc; are no longer utilised but they are left
in position, as their weight serves to stabilise the machine.

14. The setting of the machine for the prediction of any port for
which the tide components are known is as follows:—The dials
b are first turned so that the epoch or time of maximum is exactly
under or above the highest or lowest point, according as the compo-
nent is situated on the upper or lower row of components.

The cranks % are thus set vertically—and the setting of the
amplitudes or rather half amplitudes of the components is carried out
with all the screwheads of the micrometer boxes on the front of the
machine {urned downwards, the slotted cone v of the wheel /, on the
axle /, having been first relcased—and the guide pin m thrown out
to its proper range according to scale required to represent the half
amplitude of the component.

The setting of the dial pointers on the back of the machine
having been determined previously by caleulation for the time of
starting, the dial pointers arc set and the slotted cones are tightened
up. The recording barrel is then set to time and the wheelwork set
in motion. The complete setting only occupies a few minutes.

15. The date dial in the centre is to show the progress of the
record, which can be marked occasionally to facilitate the entry of the
dates after the record has been removed from the machine. Noon, mid-
night, &ec., are distinguished from the perforations of the other hours
of the day by a few supplementary pins. Two speeds of travel can
be given to the paper, viz, 1 in. and } in. per hour. A fixed vertical
rod near the ink-recorder slide carries ruling pens for the tracing of
base lines, such as docksills, river bars, or mean tide levels. If desired
the paper can thus be ruled its entive depth to represent feet, metres,
&e., as it passes through the maochine.
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In practice it has been usual to mark two horizontal lines only—
one representing Indian spring low water mark as defined in the tidal
reductions and the other mean sea level.

16. An idea of the saving effected by the machine may be gathered
from the fact that it would take a computer not less than 5 or 6
months to obtain the results by computation which can be obtained
by measurement in a few days from the curves run on the machine.
The machine actually runs off the tidal curve for one port for height
and time in about 4 hours. If height and time are done separately
8 hours will complete the two curves required.

17. The value of the machine will be very great in any work
where the whole tide-curve is of service, and will be of great value in
engineering works in which a foreknowledge of the tides is necessary,
such as in constructing the foundations of quay walls, embankments,
dock sills, &e., the whole time during which the work can be prose-
cuted being seen at a glance for every tide.

NOTES REGARDING ACCESSORIES REQUIRED FOR THE TIDE-PREDICTING
MACHINE. ~

18. This should be reeled on stout strawboard centres of 2 inches
internal diameter and not less than } inch in
thickness. The rolls should contain from 800-8:0
continuous feet of paper, which is sufficient f8r 4 curves on the 6-inch
or 8 curves on the 3-inch scale. The outside diameter of the
roll should no% exceed 8 inches, therefore if thick paper is used it
may be necessary to make rolls large enough to run off only 3 curves
on the large scale, (about 600 feet of paper). The width of the
paper should not be more than 22 inches nor less than 21% inches.
The last supply was obtained through H. M. Stationery Office and
previously from Messrs  John Dickenson, Old Bailey, London.

19. The wire originally used was brass wire 0:-006 inch diameter.
The wirec used in Xngland prior to the shipment
of the machine to India was phosphor-bronze 0-005
inch diameter. This wirc was tried in India but was found very brittle
and easily snapped. It was moreover difficult to put on the machine, for
the samme reason. A very strong woven fishing line was tried but
proved too extensible for the purpose.

A catisfactory wire has since been obtained for the machine,
which 18 in use at present,

Paper.

Wire.
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20, Cord. The counterpoise cord is silk eye-glass cord.

21. The old pens with glass points were supplied by Messts Légé.
As these glass points were continually breaking
new brass points were made locally, which have
given far finer lines and cleaner curves.
22. Ink made from red Eosine powder dissolved in water is satis-
Ink. factory, about one table spoon of glycerine being
mixed with each pint of solution. Too much glycer-
ine causes a thick slow drying trace.
23. These scales which were supplied by the National Physieal
Laboratory, Teddington, England are 12.025
Scales for time inches in length (2 days) divided into 2 equal
on zz‘il;%?zﬁznfhrecn parts of 24 hours. Each hour is divided into
10 parts measnring 6 minutes. It would have
been better had these been 6 parts of 10 minutes. Also the scales
were made 12025 inches in length instead of 12 inches to allow of the
use of a rather thicker paper, which, when stretched round the
recording drum of the machine had a slightly larger circumference
than paper of the normal thickness. The scale in use is of box-
wood with ivory inlaid scale glued to the edges of the wood. A
finer edge on plain boxwood would be an advantage. As the
method of measuring times direct from the height chart is not
much used now, there is no necessity for replacing this scale.
24. The scale used in England was a metal scale 24 inches in
length (8 days) divided into 16 parts marked
_ Scale for measur- alternately A and M, (afternoon and morning),
;,‘:,‘it',',’,“‘" forriversin  2ch ¢ A and M’ is divided into 12 parts each equal
to 1 hour and again into subdivisions of & an hour.
Two set squares were also necessary for use with the above scale.
Instead of this scale and the set squares which were used in
England celluloid scales have been prepared on the 24 hours system,
each consisting of 2 scales jointed at mean sea level. The horizontal
scale is set in proper position to read the height and time corrections
on the vertical scale (which itself consists of 2 scales actually set at
6 hrs. apart by scale). The reasons and use of this scale are explained
in paras 110 and 129-132 of Chapter I.
25. Twelve wooden scales 1 foot long have been made for this
Ecale for measuring purpose with central portion 5:51 il.:lc'h('ES equivalent
chrono-sheet. to 6 hours in time with primary divisions to show
single hours, one end being divided into secondary

Pena,
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divisions to show 10 minutes, with subdivisions to 2 minutes. The
length 5-51 was adopted instead of 550 to allow for the normal thick-
ness of the paper, which, when stretched on the chronograph drum
has a slightly larger circamference than the drum 1itself.

26. For height measurements the following scales are used %, %, 1,
14, 2, 3 and 4 inches to 1 foot, divided into
equivalents of feet and inches.

The following list shows the scales used for

Scales for height
measurement.

the various ports :—

3 inch. Bhavnagar.

$ inch. Mergui.

l inch. Karachi, Okba Point, Port Albert Victor, Bombay Apollo
Bandar.

14 inch. {Maskat), Porbandar, False Point, Akyab, Diamond Island,
Bassein.

2 inch. Suez, (Perim), Aden, Bushire, Marmagao, Karwar,
Cocanada, Vizagapatam, Port Blair.

3 inch. Basrah, Beypore, (Minieoy), Madras, Elephant Point.

4 inch. Cochin, Tuticorin, Pamban Pass, Galle, Colombo, Trinco-
malee, Negapatam, Dublat, Diamond Harbour, Kidderpore,
Chittagong, Rangoon, Amherst, Moulmein.

7. No. 1 Tid Pred. Computation form for setting and checking

machine for height or height and time combined.

No. 2 Tid Pred. Computation form for set-

ting and checking machine for time only, (Chrono-method).

No. 3 Tid Pred. Computation form of height and times for

Riverain port predictions.
No. 4 Tid Pred. Form for eutering tide-tables for open sea-ports

Foruws.

for press.
No. 5 Tid Pred. do do for Hooghly R. ports.
No. 6 Tid Pred. do do for Bassein R. ports.
No. 7 Tid Pred. do do for Rangoon R. ports.
No. 8 Tid Pred. do do for Moulmein R. ports.

Notes oN Tipe MacuiNE aND TipE PrebicTING.

28. Before atlempting to lift the top portion of the machine,
Erection the dials and main drive shafts should be removed,
' in order to lighten it sufliciently for four coolies

to Lft
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Two sound wooden poles 6 feet long 3% diam. should be lashed
firmly to the frame, and their ends tightly secured to the top dial
bracket, so that when these poles are raised there is no danger of
over-turning. .

The top portion should be raised from the floor on to the base
of the machine in two stages ; first from the floor on to two high
stools, then the coolies can get their shoulders under the poles and
carry the top portion straight forward on to the base.

Two holding down bolts should be put inat once, but, before all
four can be fitted, it will probably be found necessary to slightly
loosen the bolts which attach the brass plate to the top frame.

Put on the main drive shafts and dial plates. Before tighten-
ing up the dial plate, remove all the worm shafts, so that the
crank spindles can be swung round freely by hand.

The dial plate is fixed by five bolts thus :—

oB—~—~—u_______——TDO0

oC A EO

There is a certain amount of play in the bolts B, C, D, E, so
that the dial plate ean be rocked slightly about the bolt A.

Make the bolt A fairly tight, then find the position for the dial
plate in which all the crank spindles will rotate quite freely in their
bearings, and then clamp A, B, C, D, E, so as to fix the dial plate in
this position.

Put back the worm shafts into position.

»
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29. TaBLE aND Diacgram oF CompoNENTS :—The following table
shows the names of the Tides, with their symbols and numbers inseribed
on the tide-predicting machine.

Numbered
Symbol Name of Tide on
| machine
M, Principal or mean lunar (semi-diurnal) ... ‘ 1
S, Principal or mean solar (semi-diurnal; ' 2
K, Luni-solar declinational (diurnal) . | 3
0 Larger lunar . ” 4
N Larger lunar elliptic (semi-diurnal) 5
P Larger solar declinational (diurnal) 6
K, Luni-solar declinational (semi-diurnal) 7
m Lunar ‘variational’ (semi-diurnal) 8
v Larger lunar ‘evectional’ (semi diurnal) 9
L Smaller elliptic (semi-diurnal) 10
T Larger solar elliptic (semi-diurnal) 11
Q Larger lunar declinational elliptic (diurnal, 12
J Supplementary lunar declinational elliptic
(diurnal) 13
MS Compound luni-solar (quarter-diurnal) ... 14
2SM Compound luni-solar (semi-diurnal) 15
n or Sa Solar (annual) elliptic 16
Znor Ssa | Solar (semi-annual) declinational 17
M, & M, | Two mean lunar over-tides of the semi-
diurnal tide 18 &19
S, Mean solar (diurnal) R0
2N Second order lunar elliptic (semi-diurnal) 21
M,N Compound lunar (quarter-diurnal) 22
2M.K, & M,K,| Two compound lunar (ter-diurnal) tides ... 23 &24
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Diaeram :—The following diagram shows a back view of the
machine with symbols and numbers of each tidal component.

30. See that, when the milled heads on the cranks are downwards,

the dial pointers are vertically upwards. See that

vegot:fsn:‘; b:t'?:)tsi(:- all gears, worms etc. are marked with the.number

the machino. = of the component which they are working (see
Table on previous page).

See that the worm gears are well in the teeth of the wheels they
drive, otherwise the teeth are likely to get destroyed, also that there
is not much play in the worm shaft; that all shafts are perfectly
true and all bearings well oiled.

There must be a little play in the worm shafts or their
bearings will run hot,
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31. Set all components to read 90° or 270° on the dials and
clamp. The fixed dial pointers should read 0°.

Taking each component in turn, loosen the
clamping screws on the sliding rod and bring the
top line of the scale on the rod in exact alignment with the top line
of the tixed vernier. In the case of S,, one of the centre long lines
of the scale on the sliding rod should be set; otherwise this rod may
hit the pen guide.

Setting verniersand
scales.

Then set the numbered alaminium scales to zero.
32. Set all components to 90° or 270°.
Wind about 60 feet of wire carefully on to
a fishing reel with a fairly strong check action.
Fix the reel upright on the floor below the pen guide. Open
the back of the pen guide and draw the wire through it; attach a
weight to the free end of the wire, pass the wire over the pulleys
of M,, S,, K, etc. in rotation keeping a steady strain on it all the
time; at any stop allow the weight to hang freely keeping the wire
in tension.

Winding on wire.

When the M, pulley has been passed, carry the wire straight
down to about 12 inches from the floor and let the weight hang free.

Hold the wire near the reel firmly and cut.

Keeping the weight hanging free, so as to keep the wire in ten-
sion, attach the other end by a loop to one of the hooks on top of
the pen-box.

There are three hooks on the pen-box or moving pen to which
the wire can be attached. It has been found in practice that the
central hook serves all purposes. However in case of deficient or
excessive contact of the pen with the paper, (or the wheel with the
copper contact in the chronograph method), the wire may be attached
to the back or forward hook to improve matters. -

Pull steadily on the weighted end of the wire until the pen 1s
about 6 inches above the bottom of the pen guide. ’

The pen will now maintain the tension in the wire. Hold the
wire firmly near the weight and cut off the weight.

Keeping the pen hanging free about 4 inches below the middle of
the pen guide, pass the free end of the wire under the pulley of S, and
through the hole on the rim of the milled screw on the brass plate
and fix it. Wind up the wire on the screw until the pen 18 at the
middle of the pen guide and clamyp.
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Great care must be taken to keep the wire always in tension or
it will kink or spring off the pulleys.
The machine is now ready for setting.

SkTTING AND RuUNNING THE MACHINE

33. The method usually adopted for predicting times of tides is to
obtain a chronograph chart for times by the method 2 described
hereafter and then to obtain heights independently by method 1, but,
as method 1 was adopted in England for both time and height
combined, and is the method for which the machine was originally
intended, this method is described first.

34.  For height or height and lime diagram combined.

First clean the two tixed pens and the moving
pen and fill with ink.

If the ink runs too freely, put pins in the airholes on top of
the pens. .

The moving pen should be suspended from one of its hooks,
(cenerally the central one), so as to have the pen pressing sufficiently
acainst the paper on the drum.

35. Put the drums in position with the paper roll on the drum
A on the motor side of the machine.

See that the points on the big drum C run
freely in the two grooves on the roller B.

Wind the paper as in the diagram below :—

BQ (A)

G

86. Set the upper of the two fixed pens so as to make a line
Setting npper fized about 11 to 114 inches from the bottom of the drum;

pen to mean-sea-level this is the mean-sea-level line.
line.

Mecthod ).

Putting oun the
paper.

37. In the case of Riverain ports the lower or datum-line pen
Setting lower or 's not set. . : ;
datum-line pea. There are altogether 9 Riverain ports viz:i—
Basrah, Dublat, Diamond Harbour, Kidderpore,
Chittagong, Amherst, Moulmein, Elephant Point, and Rangoon.
In the case of all other ports, set the lower or datum-line pen
to the measured distance to scale of the datum below mean-sea-level
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for the port in question which is published in the tide-tables and
is also given in table XXI at the end of chapter I. It should also be
entered in the Form 1 Tid. Pred. as A,,.

38. Setalldial pointers without clamping to 90° or 270° and verify
that all verniers and scales are at zero. Then, by
twisting the milled screw to which the fixed wire
is attached, move the pen until the moving pen
coincides with the mean-sea-level.

The last movement of the pen should be a rising one, since,
when the wire is slackened, it does not always set tightly at the
bottom of the grooves on the pulley wheels and so the pen does not
fall as much as it should.

39. The amplitudes and phases of the angles for setting on the

machine are those obtained from the Form 1 Tid.
Pred.

In the case of Diurnal charts for Riverain ports only & compo-
nents are set, the amplitudes of the remaining 16 being set to zero,
and the dials corresponding being left unclamped.

40. Set all dial pointers without clamping vertically upwards to 0°
or 180°. The fixed pointers on the dials should be
at 0° so that the milled heads of all the cranks

Setting moving pen
to mean-sea-level.

Datn for setting.

Setting amplitades.

are downwards.

Taking the amplitude of each component in turn by twisting
the milled head attached to the micrometer box on its crank, bring
the pointer to the correct number of millimetres of amplitude up or
down on the aluminium scale, then set the first decimal place by
means of the vernier, note the position of the pointer on the milled
head and use the graduations on the milled head to set the 2nd
decimal place. (One small division on the milled head=0-025
millimetres).

41. Move the drum C towards the drum D so as to draw a fresh

portion of paper around the drum. The moving

ofg::.ck onpositin  .1d the 2 fixed pens will all trace-lines on the

paper.
The distance between the mean-sea-level line and the trace of
the moving pen can be measured off by means of a pair of com-
passes and read off from a diagonal scale and compared against the
pen-height ealeulated in the Form 1 Tid. Pred. (Height-Sheet).
Care should be taken that there is no wire slackness when this test is
made. An error of less than 0-:05 imch can be accepted. Wire
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slackness can be detected by turning all the dial pointers back to
90° or 270°, when the moving pen should again coincide with the
mean-sea-level line. If not, the process of setting the pen on the
mean-sea-level line should be repeated, and when the dial pointers
are again turned to 90  or 270° the pen height should check. In
running the machine it is found that the wire slackness is taken up,
and this can be verified by the final pen-check afterwards described.

It may be here remarked that the movement of the pen is
equal to double the amplitude, owing to the wire round the pulleys.
The factors given allow for this and give half i.e.—in the computa-
tion the pen height is obtained by dividing the result of the summa-
tion by 127 instead of 25-1, the number of millimetres per inch.

42. 'The dial pointers are now set to the phase angles and clamped—
these phase angles are obtained by subtracting
¢ from 360°, in order to avoid the machine trac-
ing a reverse curve, vide para 3. These dials should ordinarily be all
clamped as tight as possible by hand. If a spanner is used, it should
be very lightly applied, as the dials tend to tighten up when the
machine runs forward, and the teeth of the wheels are liable to get
damaged while working and especially when unclamping.

The phase angles are checked over after clamping, and the position
of the pen, checked as before, should give the value R, within the same
limits as mentioned above. A further check can be applied by checking
the values R M Cos 360°—¢) on the opposite side of the machine in
case of gross error.

43. The above settings set the machine for local mean noon on

o . 28th December of the year preceding that for which
3,3"";}‘,;5_ to Stand- ¢ height predictions are required ; the big pointer
on the date dial should be set to this date.

If the tide-table is in standard time, the machine must be run
forward or back by hand until the correct value for S, is obtained
(see table XXI, Chap. I). If the machine has to be run back, this shpuld
be done smoothly and slowly to avoid loosening any of the components.

44. Having set the machine to standard time as above, set the

Setting the drum, drum for time as follows :—The refzording drum 1s
fitted with brass pins at equidistant intervals to form

the time indications on the paper by perforations :—vide diagram
opposite. 1t will be seen that starting with the central pin of a group
of 5 pins we pass over in succession 3 single pins, then to the first of a
group of three pins, then 5 single pins and to the centre of a group of 3

Setting Dials.
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pins, then 5 single pins and to the last of a group of 3 pins, then 5
single pins and come on again to the centre of a group of b pins. It
s immaterial whether we take the noon line on the Ist., 2nd. or 3rd.
group of three, provided it is the correct one in sequence of the
punctures but it 1s better to make sure of the starting position, by
setting on the centre of a group of 5 pin-punctures.

Move the big drum, which should be unclamped, by rotating
the drum D in a counter clockwise direction, until the middle point
of the 5 punctures on the drum comes under the wire, by lifting the
lid of the pen slide and looking to see that the wire is immediately
above the central puncture. Parallax may be avoided by looking
through the tips of the thumbs placed almost together centrally in
front of the wire. Clamp the big drum by tightening the nut on
the spindle underneath. Do not use too much force in tightening up,
as the spindle is liable to get broken. The nut has a reverse
action and will tighten up as soon as the machine runs. Write on
the diagram paper the following information :—

Name of Port.

Scale.

Date and time of Ist setting (whether standard or local time).

45.  There are two notches on the wheel in which the gear lever

Fngaging the gear  CPXAZES, One marked R which gives 3 inches of paper
' for the day, the other, not marked, which gives 6

inches of paper to the day. The mid-position between these notches is
neutral.

The gear clutch frees the gear and enables the paper to pass
through freely.

The notch marked R, giving 3 inches of paper is used for the
diurnal charts of all Riverain ports (except Bassein), and for the
tidal curves of all open seaports of which only the heights are requir-
ed, the times having been alreadv determined by the chronograph
method mentioned in paras 4 and 3.

If however combined heights and times are required to be read
for open seaports, (or Basscin). from the one chart, the notch giving
the 6-inch scale must be used. TEnoage the gear suitable for the
port and purpose required by engaging the gear lever in the appro-
priate noteh.

16. Before starting, oil all working parts of the machine thoroughly,
To start the machine, put the motor switch

Kunning the machine. o X
to the ‘start” position. If the motor does not
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turn, assist it to start by turning the horizontal spur-wheel on the
machine in a counter clockwise direction.

As soon as the machine is running at full speed put the switch
over to the ‘“load” position. '

Run the machine for 24 hours exactly, this is done by watching
the S, dial pointer which does 2 revolutions per day and returns to
the same position at midnight and noon  The current should be
switched off when 8, indicates midnight and the machine will come
to rest shortly before the pointer of this dial reaches the noon
position, as originally set, to which it can be moved by moving the
spur-wheel of the machine forward by hand.

The wire should now be exactly over the noon point on the
drum 24 hours from the starting noon point. If not, unclamp the
drum and reset allowing for the lag and try again for another 24
hours. It is a case of trial and error but there should be no diffi-
culty in getting it right in the 3 days between 28th. December and
Ist January. from which the prediction commences, after which
the machine may be allowed to run on. While running, it may be
advisable to occasionally enter a date on the diagram from the pointer
on the date dial.

After 369 days stop the machine a short time before local or
standard mean noon lst Jannary (31st December in leap years)
whichever is earlier. 'This is done by watching the S, pointer which
does 2 revolutions per day. It should be shut off when the S,
pointer is about 180° from its final reading on the last day.

47. The machine has to be brought up to local mean noon on the

(1) Procedure date above mentioned in order to check pen height
supposing local mean R, and phase angles { after 369 days motion
heon is the earlier. against those computed in form 1 Tid. Pred. This
is effected by moving the spur-wheel of the machine forward by
hand till the S, dial pointer reads the value ¢ for this particular
component on form 1 Tid. Pred.

The phase angles are now all checked against the computed
values given on the form 1 'Id. Pred. They should all check within
half a degree of the correct value. An error up to half a degree
may oceur ewing to play in the gears or in the pointers.

In order to obtain a trace of the local mean noon line and to
determine the point to which the pen-height check has to be taken,
the cord between the pulleya M, N & 2 N is gently pulled outwards,
care being taken that the cord settles back in the grooves. This
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has the effect of raising the cord and tracing the noon line on the
diagram. The intersection of this line with the curve is the point
to which the pen-height above mean-sea-level is measured by means of
compasses when the curve is completed.

The machine is again run forward by hand as before till the S,
dial pointer reads the value of ¢ for this component for standard
time, the cord being drawn out as previously to mark the standard
noon. The standard or local time line (as the case may be according
to which was adopted in setting up) should agree with the line drawn
between the punctures representing noon on the diagram.

48. It is obvious that the process has merely to be reversed i.c.,

(2) Procedure  the machine has to be stopped and the standard noon
i}‘n‘l§°?;“gt,,:t2:ﬂ?§§ line marked first and then it has again to be run
on by hand to the local mean noon to mark this

latter time and to obtain the checks of pen height and phase angles.

49. The machine is now allowed to run on by means of the motor
for a day or so before taking off the curve. 1In
leap years the dial, though indicating January 1st,
is only at noon 3lst December and it is essential at least to run till
midnight of the lst January is past, so as to ensure that no high or
low-water curves are missed up to the termination of the year’s
prediction. It is as well however, whether predicting for leap years
or otherwise, to run the machine for a day or so extra to form a
check against the succeeding year’s prediction, if required, and enable
smoothing to be carried out.

The machine takes about 4 hours to run off a year’s curve for one
port, whether a chronograph chart for time, or height and time.

50. If it should be necessary to change a roll in the middle of
running a tide, stop the machine when about 18
inches of the old paper still remains clear of the
big drum C (vide para 35).

Put on the new roll, cut the free end of the paper straight and
pass outside the old paper round ecylinder B and between the old
paper and drum C.

Now run the machine and press the free edge of the new paper
keeping it vertical between the old paper and drum C until it is
gripped by the time points and carried round.

When it emerges between C and D pull gently on it and pass
round D until it is gripped there. Care should be taken that the
new paper is correctly dated, and name of port, scale, ete. inserted.

Conclusion of curve.

Changing paper
while running a curve.
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51. Setting and running the machine for time with the chronograph.
This method has been introduced with a view to
obtaining more accurate measurements of the predic-

ted times of high and low-waters for open seaports.
52. The chronograph drum has first to be carefully levelled up,
aligned and its spindle attached to the spindle of

Levelli d at- . . .
,adﬁ:;é?ﬁontlmzn,_ the S, dial and the connecting screw tightened

up.
The drum should then be run to see if it runs smoothly.
53. Put the paper carefully round the Chrono-Drum, seeing that
Fixing paper on the the overlap is well turned in and the paper fits
Chrono-Dram. tightly when the paper is pasted down and the clips
are put on. -

54. The contact-wheel should now be substituted for the ink-pen
on the pen-box, and the latter suspended by its
central, (or other), hook, vide para 32.

The little contact strip with projecting copper contact, which
is attached to a small strip of wood for the purpose of insulating,
may now be placed in position and clamped on the line correspon-
ding, to the mean-sea-level 7z, about 11 or 114 inches from the
bottom of the pen guide. This clamping should not be done .too
tightly as there is a danger of the pen-box jamming in the guide when
running. It should however be just sufficiently tight to give a good
contact without checking the free motion of the pen.

55. Electrical connections should now be made as shown in the
diagram opposite. One connection in the circuit
should be left open till actually required for use
in order to save current.

56. Unclamp all dials and set all dial pointers to 90° or 270°.
Hetting contact-wheel 'The amplitude scales, both main and vernier, should
oo pen-box to zero. now be checked to see that they read zero.

Now ewing the M, dial pointer slowly from 0° down towards
270° counterclockwise. If the contact wheel is in correct
adjustment, a click should be heard on the relay the instant the
M, dial pointer reaches 270°. 1If the click does not occur precisely
at this point, the wire to which the pen-box is attached, must be
lengthened or shortened by unclamping and turning the milled
screw to which the fixed end of the wire is attached, so as to
raise or lower the contact wheel until satisfactory contact is obtained.
Clamp tentatively and test contact by moving the M, dial

Method 2.

Fitting contact-wheel,

Electrical connections.
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Diagram illustrating the attachment
of the chronograph.
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pointer as before, counter clockwise from 0° to 270° and again clock-
wise from 0° to 90° seeing that the click occurs exactly at 270° and
90° respectively. Repeat the adjustment until perfect. ~The object
in swinging the dial pointer counter clockwise and clockwise as above,
is to ensure that the same point of the wheel comes in contact with
the copper strip in each case. Consequently, when the machine is
run, the first contact, which is recorded when the pen-box is running
downwards, is made by the same point of the wheel as the last
contact, when the pen-box is running upwards. Now when the
pen-box is running downwards, high water is being recorded, so the
commencement or the break on the chrono-drum represents the time
of high-water, and when the pen-box is running upwards, low-water
is being recorded, so that the end of the break on the chrono-drum
represents the time of low-water, and these are the points to which
measurements are afterwards made. It is important to see that the
low-water contacts are not dragged 7.c.—that the breaks on the chrono
diagram terminate the moment the low-water contact is completed.
For this purpose it is advisable to make the contacts as light as possible
and to have a fairly strong spring on the pen on the chrono-drum
to pull the pen back immediately the contact terminates.

57. The amplitudes should now be set as explaired in para 40
but to the values given in Form 2 Tid. Pred. The
pen height should then be checked in the ordi-
nary manner or by measuring the height of the contact. wheel above
the contact strip with a pair of compasses gripping them with a
piece of cloth so as to avoid an electric shock, and comparing this
with the computed value of R, from Form 2 Tid. Pred. by measurement
on a diagonal scale.

58. The dial pointers are now set as explained in para 42 but to
the values given in Form 2 Tid. Pred. Check the

height of the contact wheel, as above, against
the computed value of R,.
59. If time is required in standard time, move the machine by
Setting to Stand- hand till the S, dial pointer gives the correet
ard time. reading for standard time as in para 43.
60. Set the date dial to read 28th December before running

Setting the date dial, the machine.

61. Close chrono-cirenit, ink up chrono-pen, press wires adjoining
Preliminarics tn M, component so as to cause a contact between
ranning, contact wheel and contact strip in order to record
a click for position of noon on chrono-sheet, this

Setting amplitudes.

Setting dinl pointers.
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also tests both electrical circuits on the machine and the chrono.
Mark name of port, date and time (standard or local).

62. Start the machine watching the S, dial pointer which does 2

Rupning the machine revolutions per day, and returns to the same

position at midnight and noon, the current being

switched off when S, indicates midnight. The machine will then

come to rest shortly before the pointer of this dial reaches the noon

position as originally set, to which it can be moved by turning the
spur-wheel of the machine forward by hand.

The tapper is then pressed so as to record the 2nd noon posi-
tion, repeat this operation until all lag is taken up, and the noon
position on successive days remains unchanged. '

After this the machine can be allowed to run on. Mark the
high and low-tide breaks for a few days only on the chrono diagram—
high-tide, falling pen, with red chalk—low-tide, rising pen with blue
chalk. The remaining breaks can be chalked up in continuation of
those already marked after the diagram is removed.

A man may be then left standing alongside to see that the
recording fountain pen is inking properly and to look after the
machine generally before it reaches the end of a diagram.

Before changing or removing a diagram the machine must be
stopped and run up by hand as before till S, reaches the correct
noon position as deseribed previously, a mark being made by pressing
the wires adjoining the M, component together so as to cause
a contact between the contact wheel and contact strip and -thereby to
record a click correspoding to the final noon line.

The diagram can then be removed by releasing the clips and
cutting the paper along the 0 hour line on the chrono-drum. Should
it be necessary to revolve the drum in order to do this, the reading of
the S, dial must be carefully noted before it is unclamped and the §,
dial revolved in a clockwise direction to avoid backlash when restarting.
"The new paper can then be put on and the S, dial pointer hrought
back and clamped to its previous reading.

Write on the new diagram the name of the port and date and
carry on as before, marking the noon positions (standard or local as
required) for the Tst, 2nd or 3rd day, till all the lag of the drum 1s
taken up and again before removing the sheet.

When the whole year has been run, the checking of the dial
readings of the machine after 369 days at local mean noon is made
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as in para 47, the check of the height of the. contact wheel correspond-
ing to the pen check, being carried out as deseribed previously. The
machine is then run up to midnight of 1lst January (3lst Dec. in leap
years) and the final chart removed.

63. In the event of any accidental stoppage of the machine when
o running e.g. :—on account of a snapped wire, missed
Setting dial pointers ’ . . . .

in the midd'e of the contacts, or other irregularity, it 1s convenient to be
T In case of acci- gable to set the dial pointers for the commencement
ental stoppage. )

of any particular month, rather than to re-run the
whole tidal eurve or Chrono chart from the very commencement of the
year. The table XXII at the end of Chapter I, which is based on the
speeds of the tides, will be found very useful for this purpose, as the
angles given in this table have only to be added to or subtracted from the
original phase angles (3G0°—¢) or {360°— £+ 90° on the Forms 1 and 2
Tid. Pred. respectively to obtain the appropriate setting of the dial
pointers for the first of every month, the amplitudes set on the front
of the machine remaining unchanged.

61. Two other mcthods of running the machine, which are

sometimes necessary, arc included in the abstract of the ordinary
methods of running the machine given in the following table, but as

they are both similar to Method 1, there is no need to describe them
separately in detail.
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ABSTRACT OF PROCEDURE ADOPTED

Method 1.
To obtain a Height chart, or a Height and Time
chart combined.

Method 2,
To obtain a Chrono Sheet.

Suspend pen-box with pen, by central or other
nhook.

Suspend pen-box by central or other hook,
and see the contact-wheel makes proper contact.

Put paper on drum, fill pens with ink, set
mean-sea-level and datum-line pens.

.Pup [aper on _chrono-drum, connect up elec-
tric circuits leaving chrono-circuit open.

Set nll dial-pointers to 90° or 270°, see that the
tixed pointers are all at 0°; check that amplitudes
read zero; set pen to mean-sen-level line,

Proceed as in Mcthod 1 for setting dinl-point-
ers and checking amplitudes. Close chrono-
circuit and set pen to give contact the instant
M, pointer when moved clockwise from 0° to 9v°,
reaches 90°, or counter clockwise from 0° to
270°, reaches 270°,

Turn dial-pointers to 0° or 180°, so that the
screw-heads of nll the micrometer boxes in front,
int downwnrds. Set amplitudes from 1 Tid.
red. and check position of pen, (All pen checks
should agree within 0-05 inch ),

Open chrono-circuit and proceed as in Me-
thod 1, except that amplitudes are set up from
2, Tid. Pred. Check position of pen, (All pen
checks should agree within 0:05 inch).

Set dial-pointers from 1 Tid. Pred., clamp,
then check dial-pointers and height of pen.

Set dial-pointers from 2 Tid., Pred., eclamp,
then check dial-pointers nnd height of pen.

If standard time is required, move the
machine by hand till S, gives the correct reading.

Proceed a8 in Method 1.

Set date dial to read 28th December. Clamp
up drum with wire over the centre potnt cof the
group of 5 points on the drum. Mark name of
port, date, time nnd scale of chart. Run on for
¢4 hours and check position of drum, correcting
if necessary, finally drawing the vertical noon
line by pulling the wire between M,N & 2N to one
side muf releasing the wire. See that all lag is
taken up within the three days before the com-
mencement of the year’s predictions, correcting
the position of the drum each day if necessary, ns
before.

NoTE: — For heirht only, the 3-inch acale, mark-
ed R on the gear wheel, isused, For height and
time, the 6-inch scale.

Set date dial to read 28th Dec., close chrono-
circuit, press cords ndjoining M, dial together
for position of noon on chrono-sheet, mark name
of port, date nnd time on sheet. Run on for 24
hours and press cords adjoining M, dial for
position of 2nd. noon, and repeat unti'i the noon
position on successive days remains unchanged.
Mork high and low-tide brenks with red and
blue chalk. High-tide, falling pen, red—low-tide,
rising pen, blue,

Check dial-pointers and height of pen after
369 daye nt L. M. N. from 1 Tid. Pred. Run the
meachine on for a day or so and then remove
the chart.

Mork noon position at end and beginning of
each sheet, nns write date and nnme of port on
ench sheet, check dinl-pointers after 360 daye
nt L.M.N. from 2 Tid. Pred., and run on ma-
chine for a day or so, then remove chrono-sheet.
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IN RUNNING THE MACHINE

Method 3.
To obtain a Diurnal Chart for a Riverain Port.

Method 4.
To read Heights direct.

As in Method 1.

As in Method 1.

. Asin Method 1, except that no Datum.line
is required.

Fix the wooden scanle for measuring on the
pen.guide by propping up the lid of the latter
on, say, another wooden ruler, before tying the
‘measuring scale in position.

Proceed as in Method 1.

Proceed as in Method 1 for sefting dial-
pointers and checking amplitudes. Set pen by
the wooden scale to give the value A, from 1
Tid. Pred. (Distance between M.S.L. and datum
for the particular port: this isalso given in the
Tide-tables and in table XXI at the end of
Chap. I). The penis not actually visible but
a point on the back of the pen-hox opposite it
is measured to.

Proceed ag in Method 1. The 16 amplitudes
not used, should all be set to zero.

Proceed as in Method 1.

In checking the pen height, subtract A, from
the height of the pen by the scale and multiply
the result by the factor C (vide table xxi).
The value so obtained should agree with Rg on
the Form 1 Tid, Pred. within 0:05 inch,

Proceed as in Method 1. The 16 dial-poin-
ters not used, need not be set and should be left
unclamped.

Proceed as in Method 1.

Proceed as in Method 1.

Proceed as in Method 1.

Proceed as in Method 1.
NotEg : —For o Diurnal chart the 3-inch scale
marked R on the gear wheel is used.

Proceed a9 in Method 1.

Set date dial to read 28th December. Run
the machine, checking the 1st. few height read-
ings agninst those published in the previous
years’ Tide-tnbles, recording from 1st, January
onwards in the form for the purpose. A reading
has to be recorded by eye on an nvernge every 7
seconds. At the end of a month it is advisable
to stop the machine and check the differences of
alternate tides, if any error is detected, it can be
corrected by interpolation.

N.B.—Thig method is tiresome fo the observer
and ix not recommended.

Check dinl-pointers and helght of pen nfter
369 days at L. M. N. from 1 Tid. Pred. Run
on machine for n day or so, recording the heights
as far os required.
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65. Using a sharp hard pencil (4 H) and a good straight edge,
_ _ rule lines 6 inches apart between the noon or mid-
Ruling up the diag- . .
ram for height or NIght perforations.
E?;igf and time com- The arrangement of perforations is as shown
in the diagram facing page 16 Chapter 111 :—

On the small scale each arrow indicates a noon perforation on

the diagram.
~ On the large scale the chain dotted arrows mark noon and the
firm line arrows midnight.

In both cases the latter are the best ones to join up.

These lines have to be ruled in the case of diurnal charts for
riverain ports, and in all cases where times have to be measured on
the charts; but if the charts have been made solely for the purpose
of measuring heights the chart should be dated at the proper perfora-
tions in order to facilitate entry of the heights according to date.
It is not absolutely necessary to rule lines in this case, though
sufficient care should have been taken in running the chart for the
timings to be approximately correct. Though these times are not
actually required for record, they serve as a rough check against
those obtained from the chrono-sheet.

Diurnal Charts are run for all Riverain ports (except Bassein)
on the small scale and these require the time lines ruled up.

Measuring the diagram times should not as a rule be measured
from the small 3-inch scale diagrams, run for height only, as times
from these small diagrams are liable to be in error because the scale
is only graduated to 30 minutes and can only be estimated to about
15 mins. These can be read, if required, by the metal scale marked
A and M vide para 24.

66. Times on the large or 6-inch diagrams are measured from the
midnight lines using the ivory edged scale vide
para 23, which are graduated to 6 minutes but
which can be estimated with care to within 3 minutes.
~ 67. After the times have been read and recorded on the appropriate
form (4 to 8 Tid. Pred.) either from the 6-inch
height and time diagram as above, or from the
chrono-sheet, the heights are read from the 3 or 6-inch height diagram,
using the correct scale for the port in question, vide para 26.

68. When both heights and times are read from the one diagram
smoothing of the readings is not absolutely necessary, though this was
usually carried out in England by grading the intervals, rising to

Reading of times.

Reading of heights.
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maximum and lowering to minimum. Corrections, if applied, should
never exceed 5 minutes. The fact of the heights and times increas-
ing and decreasing by graded intervals 1s of great assistance when
reading proofs of tide-tables, as, by taking out alternate differences,
errors can be easily detected.

The results of predicted times and heights for open sea ports have
in the past been found to agree well with actuals, about 75 per cent
of predictions being within 10 minutes in time and 90 per cent within
4 inches 1n height.

69. Using a sharp hard penecil (4 H), rule up the noon line and
mark 1t 12 hours.

With dividers obtain the 4th. part of one com-
plete line on the sheet, which is about 22 inches long-

This represents 6 hours in time, step this off each way from the
noon line at top and bottom of the sheet, and rule up marking the
lines respectively 18 hours, 0 hours, 6 hours.

This can also be done on the chrono-sheet while it is on the
drum by making use of the S, dial pointer, the machine being moved
by hand and stopped at every 30 degrees from the first noon or
midnight line, and the recording pen of the chronograph made to rule
the successive hour lines.

70. Note on the blank space on the left of the sheet:—(in red

chalk)  Measure high-tides to left of break”; (in
shlz:f.es onthechrono plye chalk) ¢ Measure low-tides to right of break
line up high-tides with red chalk and low-tides with
blue chalk in continuation of those marked when running the machine.

Enter dates at intervals along the noon line and edges of the
sheet. (N.B. The date changes as the line crosses the 0 hour or
midnight line).

Roll over the chart and put the extremities of the lines together
and mark any breaks which occur at or near this junction, as other-
wise breaks may be incorrectly read, or even missed, at these points.

71. When the times of high and low-water are predicted by means
_ of the chronograph sheet for certain ports which

Chrono sheet for have complex tides, it will be sometimes necessary
f,?]‘é? with complex to refer to the height chart corresponding, to
interpret the chronograph sheet correctly, and to

ascertain which is the lowest or highest point reached by a tide, and
in some cases which is the lowest of successive low-waters on the
same day. The following ports in particular have such peculiarities ;(—

Ruling up chrono
sheet.
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Suez . Bhavnagar Galle
Aden Karwar Trincomalee
Perim Porbandar Colombo
Port Albert Vietor Tuticorin Pamban Pass

If such peculiar tides occur, mark those breaks on the chrono-
sheet which are to be measured and those which are to be ignored
after examination of the height chart.

If, as at Aden, there are occasions when there is no inferior
high- nor low-water, there will be no break formed on the chrono-
sheet at these times. The remark ¢ No inferior higch- nor low-water”
should be written on the line on the chrono-sheet. In publishing the
heichts and times of such tides as these, when there is slack water,
it is customary to print them in a special type and mark them with
an asterisk to denote the peculiar nature of the tides.

If contact has failel at any time and there are no breaks
where they should be, interpolate the markings by means of a pair
of compasses, after comparison of the breaks before and after the
missed contact, gradunally increasing or reducing the interval as the
case may demand. It is not advisable to interpolate too many missed
intervals and it is better to rework the chart if too many contacts
have been missed.

72. The high and low-waters should be read in the actual sequence

_ in which they occur and commencing each day

B&i‘;f]mgthecmono' with the tide that immediately follows midnight,

and not by the slipshod method of reading first all

high-waters and then all low-waters, as mistakes in recording are apt
to arise.

The times on the chrono-sheet can be read with ease to the
nearest minute, and the result should be correct to within two minutes.
The greatest probability of error is at neap tides.

To prevent mistakes in recording, the reader should call out the
individual figures of the minutes e.g. the time 2 hours 50 minutes
should be called out “two hours five nought”. If he said *“fifty” the
recorder might put down * fifteen”.

From the chrono-sheet for a port the times are read and entered
up in their correct places on one or other of the forms 4 to 8 Tid Pred,
selecting the one applicable to the port in question and the heights are
afterwards entered in their proper places from the height chart.
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73. The Diurnal charts for Riverain ports (which have been run
Disposal of Dinrnat with the 8 diurnal components. .2M2K1, J,Q, P,
charts, M;K,, S,, K, and O only), is utilised for correct-
ing the values of height and time obtained by
direct computation for the semi-diurnal tide, so as to include the effect
of the diurnal tide as explained in paras 129 to 132, Chap. I. The
diurnal charts are therefore passed to the Riverain computers after
having been run on the machine, and ruled up and dated as explained
in para 65.

74. In addition to the methods of using the tide-predicting machine
already described, a new device has been originated by Dr. J. de Graaff
Hunter, M.A., Se. D., F. Inst. P., whereby the height
of water at any ¢ime in tidal prediction can be
electrically registered. This has already been re-
ferred to in para 5. A full deseription of the method is given below :—

The tide-predicting machine ordinarily traces a height-time curve
on a roll of paper some 22 inches wide, by means of a pen carried by a
wire which passes over and under the wheels of the 24 “components.”
The time scale generally employed was 6 inches = 24 hours. It was
found troublesome to the personnel available to read off times of high
and low water from the curve with sufficient precision. There is naturally
some vagueness as to the precise moment of maximum or minimum;
but though this does not necessarily cause any serious flaw 1u the result-
ing tide-tables, it renders the ordinary system of checking proofs (and
the measurements and copy from which they have resulted), by the
method of reading the differences of times of alternate high-waters,
much more troublesome. On this account 1t was at first thought desir-
able to run off a second curve—the differential with regard to time of
the height-time curve—whose ordinate vanishes at the time of high or
low-water. This was soon made more convenient by dispensing with
tracing the curve, and causing the pen to break an electric contact when
crossing the zero-line, {his event being recorded on a chronograph-drum
actuated by the S, component. It was then seen that a similar arrange-
ment with multiple contacts corresponding to successive values of ordi-
nate could conveniently be made to record the main character of the
ordinary height-time curve. This arrangement indicates the times t'he
predicted height of water reaches the various selected heights, e.g. with
a tide range of 15 fect, it may be conveniently arranged to show the
times of the water reaching every whole foot of height above datofm
thronghout the whole range. 1t was thought that this information

Prediction by mul-
tiple contact,
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would be of greater value to mariners than the bare statement of height
and time of high and low waters, with no information regarding water
heights at intervening times.

75. Thearrangement now to be described was made with this object

in view. As will be seen from the diagram opposite, which shows part

Multiple contact of a chart for Bombay, the time of water reaching

chart. each foot is shown by a notch in the day line. The

notches are upwards for ascending water, and down-

wards for descending water; while a level near to mean water level
is indicated by a break in the line.

The diagram shows the Height of water at any time at Bombay,
1925 ; also Times and Heights of all High-Waters and Low-Waters.
Local mean time (correction to Indian Standard Time 534 hours E. of
Greenwich is + 39 minutes). Heights refer to datum of soundings on
charts.

Explanation. Each horizontal line represents one day, and the
date of every fifth line is given. The vertical lines represent hours
from 0 to 24 (civil time).

The horizontal lines have notches which indicate the time at which
the water 1s 1, 2, 3,...... feet above datum. When the notches are
upwards —_JL__ the water is rising: when they are downwards
=L the water is falling. There are gaps in the horizontal line
when the water is 85 feet above datum (about mean-sea-level), accord-
ingly the height of an upward notch to the right of a gap is 9 feet
above datum and an upward notch to the left of the gap is § feet above
datum : while for downward notches the height of one to the right of
the gap is 8 feet and of one to the left of the gap is 9 feet. The height
indieated by any notch may be found by counting from the nearest
gap 9,10, 11 ........ feet for rising water and 8,7,6......... feet for
falling water. The process is illustrated in the bottom line of the chart
for the day 31 Dec. 1924.

76. Examples.
() What is the height of water on January 26 at 3 hours
30 minutes?

Follow horizontal line for January 26 to meet vertical line for
3 hours. Here the notches are downward, indicating falling water
and the height of the water at 3" 30™ is between 9 and 10 feet: by
estimation it is seen to be 9-8 feet.
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(7i) 'When will the water height be 10 feet on February 10?
Following line for February 10 there is seen to occur—
at 08h. 12m. on falling tide

10 14 rising  ,,
14 22 falling ,, ¢ read off complete chart
2 12 rising  ,,

(¢i¢) What are the time and height of first high water on Jan. 30?

It will be noticed on the chart facing p. 80 that the heights of high
and low waters are entered in figures to one decimal of a foot. The
position of the decimal point indicates the time of the occurrence. The
method of ascertaining these times and heights is described with
reference to the diagram below and secale opposite.

First note the change of tide and bisect the distance (i; or 2 t))
between the ticks on either side of the change and put a dot, which
is the point sought.

Next, to calculate the height put the black zero line of the scale
(sample opposite) vertically on the tick just to the left of the dot and
trace along the curve from the next left tick and then along the hori-
zontal line until it cuts the vertical line from the tick just to the
right of the dot (vide diagram). From the position of this point between
the lines of the rays, the decimal part of the height may be read
off—lower figures for high water and upper figures for low waters. A
reference to the scale opposite will make this clear.
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The height is thus ascertained to be 13-9 feet as shown by the
printed figure and measurement (or estimation by eye) of the position
of the decimal point from the adjacent time line shows that this occurs
at 03h 12m, .

77. The principle on which the scale for making these measure-
ments is based is as follows* :—

If the tide be considered as a simple harmonic tide at phase angles
6,, 0; corresponding to times #,, ¢, reckoned from high-water, 2» being
the height of H. W. — height of L. W. and A the height of M.S.L.
above datum = } (height of H. W. + height of L. W.):—w:de figure
below, in which » is the radius of the ecircle, and its centre A feet
above datum.

el TN
/ \ thoot |

Then the heights at times ¢, ¢, are A + » cos 6, A + r cos 6,

respectively.

As these differ by 1 foot

r (cos @, —cos 6,)=1 ft.

Now the tide rises a further distance (say) -z ft. above

the last complete foot to its maximum.
Therefore r—» cos 8, = ‘=z ft.
Now if 'z were as great as a whole foot we would have

the relation
1—cos 8, = cos f,—cos 8,
or 2 cos 8, =1+ cos 4,

* This principle is also applicable to finding the height of water at any time when
the {ime of H. W. and L. W. is given, as, in this case,
Height = A + rcoshor A — rcos b’
o Interval from H.W,
where A = 180 x Dauration of rire or fall
Taterval from L.W.
Duration of rise or fall

N = 180°
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whence by expanding

6.2
2-62=2-2_
: 1-2
whence 2= ‘2 — V2 or roughly %
1 1
phoh 1
26, 5
Similarly the relations between t9'2__tti may be found if -z is
. 1)
9,-8,:7,:6,............ 1 ft. and the angle of inclination of the lines
representing +9,°8,-7...... .....-1 ft determined for purposes of cons-

tructing the scale.
78. The chief difficulties encountered in this method of chronograph
Difficalties in mul. registration of .mu¥tip1e (?ontacts.were in .makin.g Fhe
tiple contact system. contacts certain in action, while keeping friction
forces very small, especially for those curves where
the duration of contact was very small owing to rapid fall or
rise of the curve. In this connection it may be noted that the wire
which actuates the tide-curve pen is essentially of small diameter (-005
inch was generally used) and is 32 feet long. A small variation in
tension of this wire extends it visibly, while if a thicker wire be used
inaccuracy arises owing to this not being sufficiently flexible to fit close
to all the wheels over which it passes. As regards duration of contact
it is to be mentioned that the chrono-paper passes at the rate of about
23 mm. per second, and that a whole year’s prediction is dealt with in

about 24 hours.

79. 1In the figure shown on page 84, AA is a brass plate which is
attached to the back of the pen of the tide machine,
a[_rlzsgedf"“t“Cts are  with which it moves up and down when the machine
is set in motion. BB is a bell-crank lever provided
with a pivot & carried by the bracket C and the plate AA. The horizontal
arm of BB carries two platinum points P, P, near its left end and the
vertical arm carries at its lower extremity the wheel W,. There is a
second wheel W, whose pivots are carried by the plate AA and the
bracket 1. These two wheels W,, W, roll on the edges of a fixed
brass strip SS, being maintained in contact by the pressure of a spring R.
The strip SS is shown in dotted lines, being in front of the plate
AA and the horizontal arm B; it is of accurately uniform breadth, and
is slotted at intervals of an inch for the pieces 4,4 It is made of
T-section to secure rigidity, and the pieces £, £ are adjusted laterally by
serews working in the vertical member of the T. The pieces £, £ are
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slightly pointed as shown, and can be made to project a small amount
(actually about 0°3 mm.) beyond the right edge of the strip SS. As
the plate AA is carried up and down with the pen, the wheel W, rides
over the points of the pieces £, k, and rocks the bell-crank lever, causing
the platinum points P;, P, to move slightly up and down.

2 Inches

|JJI11LL[[|11111LLIJ|

The part EE bears two platinum points Q,, Q, in its upper and
lower jaws, Q, being adjustable in the direction of its length. This part
has a pivot ¢ with insulating bush, and is balanced by the counterweight
m. Its motion is restricted by the insulators I},1, mounted excentrically
on the two screws G|, G,. These screws are sufficiently tight-fitting to
maintain their position, and by turning them to suitable positions the
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rotation of EE is regulated as desired. EE is actuated by the
friction of the fixed wire FF, which lies in a groove cut in EE and
also bears on the two pallets H,, H,. These pallets are borne on
arms which can be rotated, and by this means the drag of the wire
on EE can be adjusted; this can also be done by modifying the
tension of the wire FIF. The wire FF is attached to the frame of the
machine at the top of the pen slide by means of an insulator and
passes through another insulator at the lower end of the slide, being
kept in tension by an attached weight. It makes metallic contact
with EE and forms a portion of the chronograph electric circuit.

It will be seen that when the plate AA is ascending the upper
jaw is pressed against the insulator I, by virtue of the drag of the wire
FF, while when AA is descending the lower jaw of EE presses against
I,. The following events occur when AA is set in motion:

(1) AA ascending; E is pressed against I,. Platinum points P}, Q,
and P,, Q, are nof in contact until wheel W, rides over one of the
projections £,#, when P, makes contact with Q,.

(2) AA descending; E is pressed towards I,, but is held slightly
away from it by the platinum point Q, bearing on P;. When W, rides
over one of the projections 4,4, P, separates from Q, and E presses on I,.

The terminals of the chronograph pen circuit are joined to the strip
SS and the wire FF respectively. It is obvious that the effect of W,
riding over a projection £ is to make circuit in the case of AA rising ;
and to breuk circuit in the case of AA falling. This is represented on the
chart by " l—_ and —i_r—respectively. A change of direction of
motion of AA, which corresponds to high or low water, is indieated by
S and L ; but owing to variation in tension, and hence in
length, of wire, the actual time of this event is somewhat displaced. In
order to provide a reference point, frequently repeated on the chrono-
sheet, an additional electromagnet has been introduced, which lifts the
chrono-pen from the paper when contact is established, making the
indication ——— on the sheet. This is arranged for by the provision
of a springy contact placed near mean water level, against which the
wheel W presses in passing.

The chronograph is of the drum variety, and its shaft can be

coupled to the square shanks of anyone of the 24 tidal components.
Hitherto the component used has been S,;, so that the lines of the

chrono-sheet correspond to 24 hours.
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80. It may be of interest to state that a ‘“ Research Fountain Pen*”
has been used with excellent results for the chronograph. This is a very

. light pen and has a very steady and ready flow of
Research Fountain . . . .
Pen. ink. Inking begins with very light pressure and
there is no blotting or leaking. Ordinary fountain
pen ink has been used ; when photographic reproduction is intended a
little lamp-black is mixed with the ink.

* Supplied by Mr. A. Munro, 65 Preston Road, Winson Green, Birmingham.
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