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P R E F A C E  

T HE tide predicting machine belonging to  the Indian 
Government having been transferred from the National 

Physical Laboratory, Teddington t o  the Tr i~onometr ica l  Survey Head- 
quarters at, Dehra Dun in 1921, this revision of the Tidal Chapter of the 
Handbook of professional instructions for the Trigonometrical Braoch, 
Survey of India, has been taken up with a view to provide a manual 
which may assist an observer who may have t o  undertake the general 
duties connected with the tidal party, as well as the Harmonic Analysis 
and prediction of tides in accordance with the methods a t  present 
in use in the department. 

I n  a preliminary report presented a t  the Geophysics! Discussion, 
vide the British Associat,ion report 1918, i t  mas stated thatl the tide 
tables, as a t  present produced, appear to be adequate for practical needs. 
This was based on the facts that  the practically import.ant constituents 
can be determined fairly accurately, and t'llat Harmonic 
presents no theoretical clifficulties like those of Harmonic Analysis. The 
investigations of Dr. A. T. Doodson of the Liverpool Tidal Inst i tute 
show, however, that  the published tables of Harmonic predictions are 
also very unsatisfactory. 

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

( 2 ) .  The renlaining llalf is clue to tidal constituents, not included 
in Darwin's schedules of 1883, and whose origin is not definitely known. 

(3).  Time devotecl 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 " tha t  the principle 
of Harmonic analysis is part of the theory of the small oscillations of s 
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 crirrents become greater. It yet  remains to be found to what 
precise extent the purely astronomical tide a t  any station may be ex- 
pressed as a series of a reasonable number of Harmonic constituents. 
When this has been done, and tohe 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 tile 
whole of the meteorological disturbance." 



Modern investigations are thus more especially directed towards 
improving the predictions for Riverain ports and estuaries, having 
shallow foreshores, where a t  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. DE GRAAFF HUNTER, M. A., 
Sc.D., F. Inst. P., more especially for his explanatioils regarding 
the application of corrections to Riverain port predictions and the 
multiple contact method of running the Tidal machine ; and to 
Capt. E. A. GLENNIE, 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 preparatiotl and proof reading of the book 
Mr. H. B. MATHUR, 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- 
dict.ions as well as in proof reading ; and Mr. SHYAM NARAYAN, B.Sc., 
Asstt. Supervisor of the Printing Office, Dehra Dun, for his general 
superintendence of the printing. 

C. M. THOMPSON, MAJOR, I.A., 



THE TIDES 

CHAPTER I 

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 tick-generating force of a satellite at any point tends t o  
accelerate a body relatively t o  the earth as if acted on by a force 
depending on the difference in magnitude and direction between the 
moon's attraction a t  that  point and a t  the earth's centre. 

The tide-generating force varies directly as the mass of the tide- 
venerating body and inversely as the cube of the distance. Hence the  a 
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. I n  order to  explain the tidal phenomena two general 
elementary theories mere evolved, and though neither is actually adequate 
t o  explain the actual tides, they are important as forming the  basis of 
investigation. 

'Cliese theories are known as the equilibrium and canal theories. 
2. The epuilihril~??~ theory.-The figure of equilibrium of the ocean 

untler the tide-generating force of the moon, supposing t ha t  i t  were 
a t  each moment allowed to assume that  position of rest which i t  would 
attain if infiilite time mere allowed, is a prolate ellipsoid of revolution 
with the major axis directed to the moon. The same applies t o  the  
sun. When the tide-generating forces of both are superimposed, we 
would find, tillcler this theory, that  spring or high tides would occur 
a t  syzygies (conjunction and opposition) and neap or low tides a t  quadra- 
trires (moon's quarters). From syzygy to quadrature the tide would be 
found to  ' l ~ r ime  ' or occur earlier than und'er 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 ab a working 
I~gpothesis in tidal work, as i t  enables us to  infer suitable forms of 
expression for the tidal disturbances, knowing the law of the forces t o  
which they are due. 
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3. The corrected equiZibri~cm 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, bu t  mill be parallel to  it, the distance therefrom, a t  
any given point, varying with time. It applies roughly to  small cleep 
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 a t  
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  t he  conclusion that ,  whilst the  
tides of a shallow ocean are inverted a t  the  equator and direct towards 
the pole, in a canal somewhere between higher latitucles and the  equator, 
there mould 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 ancl r ight  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 
perioclically, 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 t o  the  
AcadCmie 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 ticle covering the  

Problem ot' the tide globe to a uniform extent was first successfully 
covering the gkbe to attacked by Laplace. H e  showed that,  whilst the 
R tlniform 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 ticles was wrong. 
H e  found instead that  theoretically the  tidal variation of level vanishes 
in some latitude between the equator and pole. A t  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 t ha t  
there is no tide at this circle of " evanescer,t " tide, for  there are tidal 
currents without rise or fall. When the  ocean mas 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. S.  Hough in 1897-98, ~ i d e  
the article " Tides " in the Encyclopzdia Britannica, Eleventh Edition). 

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

llaplace's method number of fictitious satellites of various masses, 
of fictitious satellites moving in circular orbits with uniform motion, 

c7 

and periodic law. so arranged tha t  the sum of their t]idal forces 
was exactly the same as tha t  due t o  the real sun and moon in 
their proper orbits. Among these satellites were the mean son and 
moon, and others which correct the motions of the mean sun and moon 
for declination, parallax and other inequalities in their motions. 

H e  moreover enunciated the most important principle that  the 
s ta te  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 consiclering them as 
having simple circular motion of periods dependent on the fictitious 
satellites above-mentioned and to discuss the tides a t  ally port by a 
combination of theory and observation. 

The founclations of Harmonic Analysis were laid by Laplace, 
for he enunciated the principle of forced oscillations ; he introcluced 
tidal bodies having uniform motions ; he showed how to develope the 
ticle-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 snfficientlg to  make i t  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-prorlucing potential. 

The theory now adopted regarrling 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 Laplaee 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 a t  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 
i t  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 nomenclature 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. U p  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 a t  times other than those of high or low water. 

9. I n  1866 Sir William Thomson (afterwards Lord Kelvin) 
took up the investigation. Tidal theory was 

Harmonic Analysis 
still very far from representing the actual 

d a t e  of the tides. Observations showed in fact that  t he  
irregular distribution of land and water and the varying depths of t he  
ocean in various places combined with meteorological conditions pro- 
duced irregularities in the oscillation of the sea of such complexity t h a t  
the rigorous solution of the problem by synthet,ic 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. 

I n  1882, 1883 and 1885 Prof. G. H. Darwin, (afterwards 
Sir George Darwin) presented reports a t  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 ant1 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 cleveloped to  a 
higher degree of accuracy than had been previoiisly attained. Details 
of the method of development are given in G. T. Snrvey Volume XVI. 

-- -- .. - -- - 

* A still fnller development of the tide-genernting potentinl h a ~  been made 
by Prof. A .  'l'. Dootlson, D. Yc. of the Tidal Institate of the University of Liverpool vide 
the proceedings of the Royal Society Vol. 100 of 1921, which inclndes fnrther cons- 
tituents not included by Prof. Darwin in his achedulea. T h i ~  development inclndeu 
ell terms whn~e  coefficients, relatively to the greate~t  coefficient, are greater than 
0.00010. This development is cons~dered snfficlent to more than cover the needu of 
research work. 
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10. A brief account of the method is given here. 
, 

I f  we expand the potential in such a manner as to obtain t he  
complete expression for a tide in terms of a series of simple harmonic 
functions of the time, the principle of forced oscillations allows us t o  
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 
~ v h ~ s e  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 a t  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 harmonic term is called a tidal component 
or tide. The espression for i t  in ordinary analytical not,ation is A cos n.t + 
I3 sin nf, or K cos (nt - c), if d = R cos and B= R sin where t denotes 
time measured in any unit from any era, 12 the corresponding angular 

2 7r 
velocity (a  quantity such tha t  - is the period of the function), R and 

12. 

the amplitude and epoch respectively, and A and B, coefficients, 
immediately determined from observation by Harmonic Analjsis, which 
consists virtually in the method of least squares, applied to deduce the  
]nost probable values of these coefficients from the observations. 

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

The method of Harinonic 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 ri sep. 

I 1. Simple Harmonic motion.-NThen a point Q mores uniformly in 
a circle, the perpendicular QP drawn from its position a t  any instant to a 
fixed diameter AA' of the circle, intersects the diameter in a point Y, 
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whose position changes by a simple harmonic motion. The amplitude 
or semi-range of the  motion is OA or OA' in  the  figure. 

Now each partial component tide may similarly be represented by  
a circle of known diameter ; and if me suppose a point t o  move uni- 
formly r ight  round the circumference of this circle, so as to  make a 
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 t,he height of the partial tide at tha t  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 clecided 
n priori from theoret,ical consiclerations. 

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

12 The uniform ho~irly change in the angle of any component is 
celled its speed, the value of its angle reckonecl 

Speed, pha~e,  a m -  
plitude, and cpoch. 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 
OQ (vide figure) revolving uniformly in the period of the particular 
tide has to run through till high 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 i t  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 fictitioue satellite's transit, as  assigned under Laplace's 
fhethod. 
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Thus if 7t denote the periodic speed of a tide and its epoch, its 
r 

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 a t  any given moment during its movement over the circum- 
ference of the circle. 

13. The amplitude and epoch form a pair of tidal constants 

Tidal constants. 
referring to the particular place where the obser- 
vations were made. 

14. As the compone~ t  tides into which the tidal 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 Tof a large number of tides, each of which 
is perfectly - independent of all the others, and has its 01~11 amplitude 
and period of revolution, which remain constant t~hroughout all time. 
Occasionally several of the most important ticles are in conjnnctiou, and 
then the: range between high and low \\later is a maximum, as a t  spring 
tides ; a t  others, some tides are in opl~osition to  others, and then the  
tidal range is a minimum, as occurs a t  neap tides. 

If  therefore me are able to fincl by nleans of continuous observa- 
tions of the varying level of the sea, through obliterating the effects of 
extxaneous tides, the amplitude and epoch of each of tthe several tides, 
of which the height of the sea level is the resultant, and also know the  
velocities of rotat,ion of these constitaent ticles, nTe are in a position t o  
be able to  compute and predict the height of the sea level, a t  any future 
mdment, a t  the station where the observations were taken, on which our 
calculations are based. 

15. W e  may exhibit gmphically any case of single simple 
or, compound simple harmonic motion in one 

Harmot~ic curves. 
line by curves, in which the abscissae repre- 

* 

sent the intervals of time and the ordinates the corresponding dis- 
tances of the moving point from its mean position. I n  the case of a 
single simple harmonic motion, the corresponding curve would be tha t  
described by the point P in the figure on prige 6, if, while Q maintained its 
uniform circular motion, the circle were to move with uniform velocity 
in any direction perpenclicular to OA. The curve in  this case would be - 

the  simple harmonic curve of sines (or cosines). 
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A t  places where the semidiurnal component tides are much larger 
than the diurnal, quarter diurnals etc., 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  

Prediction. 
the  dissection of the aggregate tidal wave in to  
a number of partial constituent waves of which 

the amplitude and epoch are determined, and prediction involves 
t he  recomposition or synthesis of these waves. I n  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 a t  the time chosen for the commencemenii of the  prediction. 
This can be ezected by a laborious process of mathematical computation, 
uniting each group of tides (e.g. diurnal, semidiurnal etc.,) 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 the resultant wave and the  tabulation of 
the heights and intervals after the moon's passage of its high and low 
water. 

1 ;. The synthesis is however more easily carried out by means of 
, e p c t g  the tide-predicting machine, which was invented 

machine. by Lord Kelvin in 1872, and constructed under t he  
snpervision and design of Mr.  E. Roberts, F.R.A.S. by Messrs. L6g6 
ancl Co. of Paris. 

This machine effects the composition of simple harmonic motions 
in one line and traces the tidal curves on a diagram. Ry mea.surements 
of the abscissze and ordinates from the latter the times ancl heights of 
the tides at any time can be read. 

A fnller description of this machine and the method of its employ- 
ment are given in Chapter 11. 

18. A tide may be defined as the daily rising and falling of t he  
Explanations of cer- waters of the ocean. 

lain terms ased in  
tidal work. 

An astronotnical t ide  is a tide due to  the attractions of the sun 
and moon. 
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A meteorological tide may be defined as the  regular alternation of 
sea level due t 9  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 t o  daily, semi-annual and annual meteorological tides. 

19. The terms " ebb and flow " in tidal rivers are not synonymo~~s  
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. As e 
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. 

lT7hen an estuary contracts considerably, the range of a tide 
becomes greatly magnified as i t  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 tha t  the wave 
assumes the form of a wall of water and advances in this form. T h e  
following Indian rivers have bores :-the Ganges, the Hooghly, Brahma- 
putra and Indus. 

The phenomenon also occurs in rivers in other countries, as well a s  
in narrow arms of the sea, e.y. the Amazon, Tsientang, Garonne, 
Dordogne, Seine, Trent, Serern, Wye rivers and the Solway Frith, 
arms and bays of the Bay of Fundy. 

21. Seiches are ehort-period oscillations, (usually from about 10 to 
60 minutes), exist,inp a t  times in lakes or land-locked bays. They 
represent oscillations in which usl~ally the whole body of the liquid 
swings to and fro. They are caused by sudden changes in atmospheric 
pressure, or winds which sweep over its surface, etc. The period of such 
a oeiche is 

twice length of lake - 
~zh 

where g denotes the acceleration of gravity, and h, 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 t o  the  body of water. 

A n  account of seiches is given in Darwin's Tides. The  pheno- 
menon has been observed on lakes such as Lake Constance and Lake 
Geneva etc., 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. 

28. Establishment of a port.-For a very rough determination of the  
t ime of high water, i t  ia sufficient t o  add the solar time of high water 
on the  days of full and change of moon, called the  " vulgar establish- 
ment of the  port " t o  the t ime 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 
t o  3 days after the  full and change oE moon. It is more important t o  know 
what occurs at spring tide than a t  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 8pr ing  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 '. Tlle 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 rlse above level of low water at  spring tides, both in the cases of 
spring and neap tides. 

2 5 .  Age of the Me.--The average interval elapsing between the full 
or change of moon and spring tide is called " the age of the tide," as i t  
represents the age or interval which the tide is assumed to  take to reach 
a place after the moon's meridian passage at frill or change of moon. 

26. 13, mean estuhlishmcnt of a port.-The mean establishment 
comprising the mean of all the luni-tidal intervals is t h a t  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 i . e .  from one new 
moon to the next one succeeding it. The computation is carried out as 
followe :- 
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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  civil time for the values of the  
transits and make out a table as fallows : - 

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 a t  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 tha t  its distance increases by about 48 minutes in 24 
hours so that  roughly a correction of about minus 2 minutes is neceseary 
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. I11 the case of predictions for Riverain ports, i t  has been 
found better to refer the tides not to  the moon'p 

Date 

rr~2ict ion3 transits immediately preceding, but to  transits 
lliveraill ports. 

varying from 21 to 40 hours previously. Monthly 

.. 
Time of high wnter 
in local mean time. 

Time of moon's transit 
at Greenwich in 

Greenwich mean time. 

mean valoes of the intervals are thus obtained between moon's transit 

Luni-tidal 
interval. 

and high and low water, ar.d charts of these are plotted corresponding 
to each liour. 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 represe~~t ing the diurnal tide. 

I n  this method the tides are referred to transits of the moon at 
Greenwich in order to simplify the computations, and t o  obviste the 
necessity of finding the  local times of transit. 

-- 

* From 1925 onwards the times styled O. 31. T. are rcckoned from midnight, IM 
in civil nsrrge, ~o RR to correspond with the civil date, instead of from noon, this change 
hhving bceu notJ~lictl by t,he N ~ ~ ~ t i c a l  Aln~a~lnc. 



CHAP. I.] THE TIDES 

The method of Riverain prediction is fully explained in Chapter I 
para 109 et seq. 

28. P i u r l ~ a l  Ineqfiality.-Although this term .may be applied to  
the  times and heights of high water, ye t  its application has more 
immediate reference t o  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. 

Taking the ecluilibrium 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 ancl nadir distance are least. 

Bilt for a place in north latitude, when the moon's declination is 
north, i t  describes a small circle Q'R', and its least zenith distance 
ZQ' is less than its least nadir distance Nlt ' .  Hence there is a differ- 
ence of height between alternate superior ancl inferior high waters, the 
superior high water meaning that  wliich occurs when the moon is above 
the horizon, and the inferior when i t  is below. 'l'hus the diurnal 
inequality vanishes, when the moon is on the e q u e t o ~  EN' and is a t  its 
maximum, when the declination is greatest. Bu t  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 
recoguise these inequalities of both high and low waters cannot be 
exaggerated. 

29. Datrim of .sorcndings or Pla~te of refe~e?zce.-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 
wae given as the mean height of the low water of ordinary spring tides. 
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The observations a t  Karachi made it obvious t ha t  the Admiralty 

method mas 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  X 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 lorn water mark of ordinary spring tides. 

I n  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 O1 (vide para 12). This 
datum is called the Indian " spring low-water mark." This differs 
from the Admiralty datum of soundings which \ire 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, i t  has been suggested 
for consideration by the Hydrographer to the Admiralty, London S.W. 
tha t  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,, S2, K,, 0, and also Sa. 

30. The results obtained from tidal observations are both of scientific 
and practical utility. Though we have little t o  

The objects of t i -  
dal research. do with the scientific side of the subject a t  pre- 

sent, it may not be out of place to  mention 
that  a better knowledge of the laws of the tides is expected to  lead t o  
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, etc. 

31. T i d ~ l  ,friction.-In the evolution of worltls, 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 o£ friction brake, 
gradually retarding the ra,te of rotation. But any such change in t h e  
rate of rotation of t.he primary body mnst be accompanied by changes 
in the distance and time of revolrition of the moon. Calculating 
bacliwarrls Prof. (;. H. Darwin has found that  originally the moon 
must) have been nearer the earth. Previous to its existence as a separate 
sat,ellite it was part and parcel of the earth and its origin as a satellite 
is believed to have been clue to  the tidal action of t , l~e  sun acting upon 
n fluid or semi-fluid body, whose period of rotation was nearly equal to 



its natural period of oscillation. Thus  the  properly timed impulses 
acted so as  t o  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 t o  rotate upon its axis in 
exactly the same t ime as i t  revolves in its orbit. There can be little 
doubt t h a t  before the  moon had cooled down to  its present unchange- 
able condition, very large tides must  have been generated in it, and 
these would ac t  as friction brakes, so long as the  period of the moon's 
axial rotation was shorter than i ts  time of orbital revolution. There is 
evidence of Jupiter's satellites having the same peculiarity, and i t  is now 
believed t ha t  Venus and Mercury have their day equal t o  their year. 
This would be attributable to  the  fact  t ha t  the  greater proximity of the 
sun t o  the  two inferior planets would produce correspondingly larger 
tides with a correspondingly quicker reduction of the axial to  the  
orbital period. Similar t o  the tides, as they exist in the  fluid portion 
of the earth, there are tidal stresses in the solid crust, and i t  has 
been considered t ha t  they may possibly be a factor in the production of 
earthquakes. Prof. G. H. Darwin has considered the question as t o  
whether there is any evidence of a sl ight  yielding of the crust under the  
influence of tidal stresses. H e  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 24h 50"' combined with a semi- 
diurnal tide high twice in this period ; also a diurnal tide high once in 
a solar day of 24h 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 i t  mill 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- 
eented 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 tha t  according as the  moon is in apogee 
o r  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 pa r t  of the quasi-diurnal 
period are classified as short period tides. 

Long period tides.-The remainder of periods of a fortnight, e 

month, 6 months, a year, etc. are c la~s~f ied  as long period tides. One 
exceptional tide, the 19-yearly is due to  the rotation of the moon's nodes 
in 18.6 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 ;u the  moon, the sun and the earth enter into tidal work 
relntive motion of and theory, the following explanation of these terms 
the sun, moon autl 
earth. is 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 
tha t  of the earth for mastery over its satellite. 

The lunar 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 tha t  most distant 
the apogee, and the line joining them the line of apsides. 
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Both the line of nodes and the  line of apsides change their places, 
the former turning completely round in 18 R years, the latter in nearly 
9 years. These motions which are due t o  the  sun's disturbing influence 
take place in opposite directions, the line of apsides revolving with t he  
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 
velocit'y. These are allowed for usually, by taking as a foundation t he  
mean or aTerage angular velocity, and considering i ts  variations under 
the  title of inequalities. 

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

- 

Elliptic declination- 
RI, v a r ~ a ~ i o t l ~ l  and 

The term elliptlic is applied to  those tides 
evectio~raI tides. which depend on the  quicker or slower motion 

in different parts of their elliptic orbits of t h e  
sun, moor) and earth, ancl the consequent increase or decrease of t he  
disturbing forces as the bodies approach or recede from each other 
( i .e.  the para!lax). 

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

The term variational is appliecl to  those ticles caused by the moon's 
variation, which is an inequality in the  moon's motion arising from 
changes in direction and amount of the sun's disturbing force upon it, as 
it moves in its own orbit. 

The  term evectional is applied to  t h ~ s e  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  t he  
snn, the effects of which are complicated. 

The diurnal and semi-diurnal tides have ineq~lalities 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 s u n  and 
moon, and there are therefore declinational semi-dinrnal 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 ~ar ia t~ional  semi-diurnal tides. 

37. Out in the ocean the principal lunar semi-diurnal tid'e 
is a ~ i m p l e  wave, but when i t  runs into shal- 

Overtides. 
low water at, the coast line, and still mare SO 
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in an estuary, i t  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 tha t  from 
high to  low water. The wave is no longer simple, and this has t o  be 
considered as consisting of t.he fundamental lunar semi-diurnal wave with 
a period of 12  hrs. 50 mius., 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 Ilrs. 17 mins., and of the third overtide or double octave with a period 
of 3 hrs. 13 mins., etc. 

Hence in shallow water, as hereafter explained in para 43, we find 
tlie component tides M,, S,, N2; etc. accompanied by the overtides M,, 
S,, N, ; MG, SC, N6 ; etc. 

The analogy wit,h musical notes is here complete, for a musical note 
of any quality is built up of a fundamental, together \vith its octave 
a ~ ~ d  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 lengt,h and period of the funda- 
mental wave. 

I n  estuaries the first overtide of the lunar semidiurnal tide is often 
of great importance and even the second is considerable, the third is 
usilally small and the fourth and higher overtides imperceptible. I n  
the same way overtides must be introduced to represent the change of 
form of the principal solar semi-diurnal tide, but i t  is not usually found 
necessary to consider them in t,he case of the less important partial tides. 
'l'he octa,ve and the twelfth may legitimately be classed as due to  the  
attractions of the sun and the moon, although arising indirectly from 
the distortion caused by the shallowness of the water. 

38. 1; shallow water there may be sensible compound tides, viz :- 

Compound 'l'ides. 
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 ne explained hereafter in para 41 the original tides 2y - 2 0  or M 
and 2y -  2q or S ,  the ~ u m  of which gives 4y - 2 u  - 27, a quarter-diurnal 
tide, and the difference 2 u  - 2q a synodic * fortnightly tide. There ap- 
pears also to be a sl~allow water semi-diurnal tide of sensible magnitude, 
whose argument is, 

4 ( ~ - u ) - 2  ( y - ~ )  or 2 y - 4 u f Z q  

* The term synodic ie ~ppl icd  to the tides dependent on the sun and moon being in 
conjunction. 
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but this is also the  argument of the  variation tide, and this  will 
account for a n y  perturbations in the  value of t h a t  tide (vide 
table in para 4.2). 

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

39. The  followicg description extracted from the  British Associa- 
t,ion report of 1920 gives a full  account of the  Harmonic Tidal constituents 
t h a t  have been derived. It may be mentioned t h a t  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, etc.; t h e  latter from y, the earth's velocity of rotation, 
a t h e  mean motion of the  Moon, q, the  mean motion of the  Sun, =, the 
mean motion of Lunar  Perigee. Some were arbitrarily named. 

40. Harnconic Tidcill Constit16enls.-The gravitational forces gene- 
rat ing the  tides are derivable from a potential which is everywhere pro- 
portional to  what the  height of the  tide would be if water coverecl the  whole 
earth and hacl lost i ts  inertia without losing i t s  g~.avitat,ional properties. 

Such a tide-the ecluilibrium ticle-may be calc~ilated by adcline; the 
amounts hy which a certain pair of nearly spherical surfaces of revolu- 
tion project above the  mean water level. Each of these surfaces 
encloses a volume equal t o  t h a t  of the  earth, and is slightly variable in 
shape. They move so tha t  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 i t  follows t h a t  t o  each of these constitZlents there will 
corresponcl a similar constituent in the  actual tides, tha t  is, a cons- 
t i tuent  varying harmonically in the  same period. 

T o  find, in the  actual ticles a t  any station, the  amplitude of each 
of these constituents, together with the  lag of its phase behind tha t  of 
the  corresponcling constituent of the generating potential, is the  object 

, ons. of the  harmonic analysis of tidal observati 
41. Let us consider the  speeds of the  constitrients of lunar origin; 

we have t o  examine the  motion, relative to any point on the earth's sur- 
face, of the spheroid whose axis passes aalmays 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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Le t  y denote the angular speed of the earth's rotation and G the 
mean motion of the moon. 

If  the moon moved with constant angular speed in the plane of the 
equator and a t  a constant distance from the earth, we should have, a t  
any  station, high water occurring regularly a t  intervals of ~ / ( ~ - a )  
with a maximum range of tide a t  the equator. The rise and fall of the 

water w o d d  not be quite simply harmonic, but  could be resolved, with 
sufficient accuracy, into a harmonic constitaent of speed 2 (y-a), of 
amplitude inversely proportional to the cube of the moon's distance, and 
two much smaller constituents of speeds (y  - a) ,  3(y- a) ,  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  i t  is only on the constituent of speed 
2 (y -a )  that. their effect need be considered. 

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

a -  a, 2 ( P a ) ,  ( a -2 .?+a) ,  2 ( a  - f7) 

where w denotes the mean motion of the lunar perigee and q tha t  of 
the sun. The effect of each is to make the moon's sidereal motion 
increase and decrease with the reciprocal of her distance, and thus to 
make the period of the ticles increase and decrease with their range. 
The effect of the first orcler elliptic inequality and the evectional 
inequality is the i~~trodliction of new harmonic constituents of speeds 

2 (y -a )  + ( a - P ) ,  2 ( y - a )  + (a -?q+-)  
of which, for the reason just given, the greater are those of speeds 

2 (y -- a )  - (a-P), 2 (7-0) - (a-2rl + w). 
The effect of the second order elliptic ancl evectional inequalities is 

sufficiently represented by the introduction of ilem harmonic constituents 
of speeds- 

2 (y--a)-2  (n-P), 2 (y-a)-2  (amq) .  
The (iaily mean level of the water depends slightly on the departure 

from sphericity of the spheroid, so thah me have long-period elliptic, 
evectional, ancl variational constituents of speeds, 

3 - &, a . 27,-+w, 2 (a--T) 

respectively. 
If t.he moon moved with constant angular speed in a parallel of 

lat~it~icle other than the equator, consecutive high t'ides mould be unequal 
excol,t, at the equator, ancl we should rcquire the introduction of n, new 
constituent of speed y - a ,  with an amplitude vanishing a t  the equator. 
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Also, the amplitude of the constituent speed 2 (7-  a )  would be less 
than when the moon was in the equator. 

But, since the declination of the moon changes, the diurnal constituent 
requires modification. I f  its amplitude could be regarded as changing 
harmonically with speed a, i t  would be replaced by two harmonic 
constituents of equal amplitudes and speeds y  - a + - a .  

Owing to the fact  tha t  this is not quite so, the amplitude of the 
constituent of speed ( 7 - 2 a )  is a little greater than t ha t  of speed y, 
and there is another smaller constituent of speed y + 2 a .  

Again, introducing the first order elliptic inequality we get  new 
llarmonic constituents of speeds ( y  - 2 a )  + - (a-  P ) ,  y  + (a-P), 
of which those of speeds (y- a+ - P )  are regarded as forming a single 
constituent of speecl - (y  - a )  and slowly varying amplitude. The second 
order elliptic, the evectional ancl variat.iona1 inequalities give rise to  new 
constituents of speeds ( y - 2 a )  - 2 ( a -m) ,  ( y - ? a )  - (a  -217-t w), 

( y - 2 a )  - 2 ( a - 7 ) .  
Also, the changing declination of the moon causes the  amplitudes 

of the semi-diurnal constituents to  vary, but  i t  is sufficiently accurate 
to  take mean values in all cases except tha t  of speed 2  ( y  -a). 

As the effect is to make the speed and range of the tide increase or 
decrease together, me ge t  a new constituent of speed 2 ( y - u )  + 2u. 

Again, the changing declination of the  moon introduces the 
principal variation in daily mean level, in the form of a constituent of 
speed %a which with the first order elliptic inequality gives two more 
of speeds 2u  + ( u  - v). 

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  tha t  of revolution of the moon's nodes. The  
speeds oE the constituents of solar origin may be similarly determined, 
but  only the declinational and first order elliptic effects on the primary 
constituent need be considered. 

42. On collecting the results we have the following tables. The 

List of conatitnents. constituents of the same species have similar geogre- 
phical distributions of generating potential ; they are 

arranged in decreasing order of magnitude. The symbols are the eeme 
as those in general use, with the exception of a,, which i~ now introduc- 
ed for the first time. The corresponding amplitude in the  generating 
potential is larger than that  of some of the constituents given in the 
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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. 

Principal Diurnal Species. 

Symbol. 

M,, 
So 
N; 
K, 
Ug 

L:, 
T, 
?No 
p, 
A, 

Speed. 

2 ( 7 - 4  
2 (7-7) 

2 y - S a + ~  
2~ 

2 y -  3 a  -t 27 - 75 
2 y - - a - P  

27 - 37 
2 y  - 4-0 + 2m 
2 y -  4(a + 2 q , 

23, - a-  27 + d 

Name. 

Principal lunar . . . 
Principal solar . . . 
Larger lunar elliptic . . . 
Luni-solar declinational . . . 
Larger lunar evectional . . . 
Smaller lunar elliptic . . . 
Solar elliptic ... 
2nd order lunar elliptic . . . 
Lunar vzriat'ional . . . 
Smaller lunar evectional . . . 

Speed in degrees 
per ms. hour. 

28.9841042 
3 0 ~ 0 0 0 0 0 0 0  
28.4397296 
30 ~ 0 8 2  137 2 
28 5125830 
29.528478S 
29 .9589314 
27 -8953548 
27 9682084 
29.4556234 

Symbol. 

K, 
0, 
Pi 
GZ, 
J, 

00, 
p,  

2Ql 
a, 

Name. 

Luni-solar declinational . . . 
Larger lunar declinational 
Larger solar declinational 
Lunar elliptic . . .  
Supplementary lunar elliptic 
Second order lunar . . .  
Lunar evectional ... 
2nd order lunar elliptic . . . 
Lunar variational ... 

Speed. 

Y 
y -  20 
Y - 2 ~  

y - 3 a + o  
y + a- w 

y + 2 0  
y--30+2q- w 

y - 4 0  + 2- 
y - - 4 a +  29 

Speed in degreen 
per ma. hour. 

15 - 0410686 
13.9430356 
14.9589314 
13.3986609 
15 .5854433 
16.1891016 
13 .4s715U4 
12.8542862 
12.9271398 
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L o n g  Period Species. 

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 wiLh that  in use 
on the tide-predicting machine and i n  the computations. 

N d t a  2 . - ~ h e h b s c r i ~ t  figures after the initial letter or letters in  the symbols 
applied to rr tido refer to the period of the tide. Thus M, is a lunar diurnal tide, Mz 
a lunar semi-diurnal tide, hI, tr lunnr qnarter-diurnal overtide. 

(2M21i3)3 is a compound tor-dinmal tide, M,N a compound quarter-diurnal 
tide, etc. 

I 

Symbol. 

Mf 
Mm 
S s a  
- 
- 
- 

M S f  

Sa 

Besides t he  above there is t h e  constituent MI of speed y - a which 
consists par t ly  of t h a t  of variable ampli tude of t h e  principal cliornal 
species and  part ly  of t h a t  of ampli tude inversely proportional t o  the  
fourth pomer of t h e  moon's distance. There is also t h e  ter-diurnal 
const i tuent  &I3 of speed 3 ( r -a)  ancl amplitude inversely proportional 
t o  the  fourth power of t h e  moon's clistance. 

Name. 

L u n a r  for tn ight ly  
... L u n a r  monthly 

Solar semi-annual . . 
Nineteen yearly ... 
Ter-mensual ... 
Monthly  evectional 
F o r t n i ~ h t l y  

va r~a t iona l  ... 
Solar annual  ... 

Speed. 

20 ... ... 
a - w ... ... 
271 . . .  ... 
k ... ... 
3 a - P  ... 
a - 27 t ta ... 

3 (a - q) ... ... 
9 ... . . .  

3 .  I n  shallow water a harmonic constituent is accompaniecl, by 
others having for  their phases multiples of t he  phase of the  pr imary consti- 
tuent .  Also, two harmonic constituents are  accompanied by  two 
others, having for their phases the  sum and  difference of the  phases 
of the  primary constituents. Some of these shallow water constitlients 
have speeds the same as  those of certain pr imary constituents, (t:i/lrl 
t he  description of overticles and  compouncl tides paras 37 & 38.)  

Speed in degrees 
per ms. hour. 

1 . 0980330 
0.5443747 
0.0821372 

19.34 per annum 

1.6424077 
0 -4715211 

1-0158958 
0-0410686 

I n  the  following tables only those shallow water constituents arc 
mentioned which i t  has been the custom t o  consider hitherto.  
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Primary Constituents affected by Shallow Wate r  Constituents. 

Other  Shallow Water  Constituents. 

Speed per ms. in riegrees hour. 

28.9841042 
29.5284788 
27.9682084 
13.0410686 
13 9130356 
14.9589314 
13.3986609 
1.0980330 
0~544~3747 
1.0158958 

141.4920521 

rr 
L2 

P2, 2SM 
K1 

O1 
p1 
QI 
&lf 
Mm 
MSf 
MI. 

44 1.. The ohserved values of Sss and 8% are largely of ineteorolo- 
gical origin, as a.1~0 those of S, of sl-reed y - q or 15 -UO00000 clegrees 
per nis. hour. 

5 .  Only 24 of the tides abovc clescribecl are taken account of by 
tlle tide-l~retlicting machine, viz :- 

SymbO1' 

M4 
M6- 

M, 
S4 

S 6 

(MS) ,  
(M,K,), 
(2hl,K,),, 

(SQK,), 
( )  
(2SM), 
- 

~ ~ / ~ k i ~ ~ ~ f  Speed. 

Spew7 in degrees 
per ms. hour. 

-- 

57.9682082 
86.9523126 

115.9364164 
60~0000000 
90.000G000 
58.9841049 
44.0251728 
4.9.9271398 
4.5 04-10686 
57.4238338 
31 -0156958 

Primary constituent of 
shallow water effect. 

. . . I  y + y -  20 . . . 

Speed. 

N, M4 . . . 
Sz M.4 ... 
M, 0, . . . 
ME Kl ... 
K1 S, 
K1 N, ... 
K, 0, ... 
M, N, ... 
M, S, ... 
0, N2 ... 

M, . . . 
M, . . . 
M2 . . .  
8 2  . . . 
S, . . . 
M, S, ... 
31, K, M, O1 ... 
M, 0, M, K, . . . 
S, K1 . . .  . 
M, N, 
S, M, . . . 

4 (y-u)-(2y-3a$ =) 
4(y-a)-2(y-7]) ... 
2 (y-o) - (7-2a) 
2 (y-0)-y . . . 
2 (Y-T)-Y .. . 
(fLy-3a+=) --y ... 

y-(7-2o)  ... 
2 ( y t ' ~ ) - ( 2 y ~ - 3 o + ~ )  
2 (y-7)-2(y-o) ... 
(2y-So + m)-(y-2a) 



-- 
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M2, S2, Kl, 0, N, P, K2, PJ v, L, T, Q, J, MS, HSM, 7 
or Sa, 277 or Ssa, M,, M6, S1, 2N,  M,N, f2M2K1 and M2K1, 
of which about 1 2  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 i t  by means of a curve run on the 
machine for the diurnal tide, as explained in Chapter I para 109. 

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

Mkcanique celeste of Laplace 1829- 1 832. 
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 . & J ' . R . G . S . 1 8 7 8 .  

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

Harmonic Analysis. G. H. Darwin. Report to the British Asso- 
ciation 1883. 

Results of the Harmonic 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 T ~ d a l  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. 
The Tides. Prof. G.H. Darwin, 1901. A good elementary text book. 
United States Coast and Geodetic Survey Report 1897. This 

gives a very complete historical and theoretical discussion regarding 
tides. 

Treatise on Natural Philosophy. Lord Kelvin (Sir W. Thomaon) 
and Tait 1912. 
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Articles on Tides in the Encyclopxdia Britannica, l l t h  edition, 
which include extracts from papers by S.S. Hough from the Philosophical 
Transactions of t h e ,  Royal Society. A 1897 pp. 201 to 258, A 1698 
pp. 139 to 185. 

British Association Reports for the advancement of Science of 
1920 and 1921. 

The Harmonic Developnlent of the Tide-generating Potential. 
Dr. A. T. Doodson, D. Sc. from the Proceedings of the Royal Society, 
1921. 

Intensive Analysis of Tidal Observations. Dr.  A.T. Doodson, D. 8c. 
1921. 

Nature No. 2684 Vol. 107. 192 I .  
Do. No. W. 2727 Vol. 109. 19122. etc. 

HARMONIC ANALYSIS OF TIDAL OBSERVATIONS. 

47. Before proceeding to an account of the met,hod in which the  
observations are manipulated numerically, ii; 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 ( f t x  + b )  . 
The curve is periodic, t ha t  is to say, after a certain period i t  takes 

2~ its original form : for if x + - is put  for x, y again becomes 
12 

a cos (nx+  b ) .  
27r If - is put equal to X, then the quantity X is called the 'wave- 
n 

length' of the curve; for i t  is the dist,ance along the asis of x between 
two successive eqnal and similarly placecl ordinates. The constant w is 
called the 'amplitude' of t'he curve because its value is that  of the 

27T greatest displacement. The angle I I , ~  + B or - x + b is called the  
X 

'phase' of the curve : the constant L is therefore kilown if the phase is  
given for any value of x. 

Any t,wo cnrvcs of equal wave-length may be combined into another 
of the sa.me wave-1engt.h. For the eql~ation 

2 7 ~  2~ = ( o ,  ~ 0 4  CI + np ~ 0 s  6 ) COP x - (n, sin + ug sin bp) sin A X 



CHAP. I.] THE TIDES 

= A cos ( F x  + B ) ,  

where A2 = a12 4- a: + 2 a? a? cos (4 ,  - b,), 

and 
a, sin 6, + a, sin b, 

tan H = 
ai cos ol + U~ cos 6, 

represents a harmonic curve of the same wave-length as the two 
components. Similarly for any number of curves of the same wave- 
length. 

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

'27r 
y = aI cos ("2 + b , )  + a, cos ( e s  + b 2 )  + n3 eos tax + 6 , )  + &c., 

ancl let h be the  least commoti multiple of A,, A,, A,, &c., so that  their 
h k h  

actual values are -, -, -, &c., where m,, m,, 11 2 ~ :  &c., are integers; 
)/zl In, 1?z3 

2lr 
then y = nl cos (7, x + 6,) + a, cos ('%,x A. + 6, ) / + &c., and if x + h 

is put  for s the value of I/ is onaltered, so that  the resulting curve is a 
periodic curve of wave-length h. 

48. Such are a few of the  properties of harmonic curves, and the 

Connection between 
next th ing to be clone is to  point out tlie connection 

hnrmonlc cnrves anti between harmonic curves ancl tidal observations. 

In  a IZeporC qf a Corumittee for the Harmo~z ic  d n a l y s i , ~  qf' Tidnl 
Ol,serr.nfions for the Brit ish '~ssociat ion,  1883, Professor G .  H. Darwin 
has clednced an expression for the height of the tide a t  any time : each 
term, which is of the harmonic form R cos (nt -c),  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 arc terms in the series, and the height of each 
simple tide is equal t o  a constant, B, multiplied by the cosine of a 
certain angle ~ t t  - ([ called the 'argument', which is partly rna,de up  of 
simple function of the time and partly dependent on the position of the 
sun or moon or both. 

Themaximum value of the cosine being unity, the constant, H, 
gives the greatest height above the mean of the particular tide, that  ie, 
the 'semi-range' or 'amplitude'. 
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The part of the argument which i s  a function of the  time is of the 
form ~zt ,  so that  represent's the rate a t  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 

3 
argument, viz., c i s  equal to  nt, it follows tha t  - gives the time which 

M 

must elapse from the beginning of the observations till the time of the  
first high-water of t,he tide : < is therefore called the 'epoch'. 

49. For the purpose of arithmetical calculation the form H cos 
(nt-r) in which the tide is presented, is not con, 

Determination of 
cons~ants H. aud c. venient and i t  is therefore expanded into 

A cos nt + H sin nt, 
I{ 

so that  1j2= A2 + B2 and tan C= -; 
d 

and the immediate object of the nunlerical reductions is to find the A's 
and B's from which the R's and C's are a t  once obtained by means of 
the above equations. It now remains to esplain how the A's and H's 
are determined from the observations. 

The ex~ression cleduced by Darwin gives for the height of the tide 
at any time, 

h = ,4, -t $ ( A  cos n f  ) + 2 (B sin nt). 
Now among these n ' ~  will be found 11.,, %a,, S n , ,  etc.; VL,, Rn,, 3.1~~; 
and so on, ancl i t  would be practically impossible to determine the  
corresyondiag A's and b's in a direct manner. It has, l~owever, been 
found possible, by a method of manipulation of the observed quantities 
which mill be explained be!ow, to  separate tlle t,erms containing n, from 

all the others, and then the problem presents no difficulty. As will be 
explained, i t  is reduced to the question of determining the constants 
from a series of equations of t,he form 
h = A, t A, cos ~zt + Bl sill 12t + A2 cos 211t + B, sin 2nt + &c., 

27r where 8 has ally integral value from 0 to  - so that  11 goes through 
n )  

its variations from 0 to 2 7 ~ .  
Now i t  is clear, if r and s be any two integers, and the summation 

27T 
extends from t = 0 to t = - tha t  

I t  ) 

2 cos rnt = 0, and 2 sin rnt = 0, 
eince to each positive value, there is a corresponding negative value 
of the cosine or sine. 

7r 
Also P COB' rnt a 4 2 (1 + cog 2 = -. 

n '  
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7r 
and Z sina rnt = 4 2 (1 - cos 2 m t )  = - . 

n '  
X cos rnt cos snt = a Z cos ( T +  S) nt + 4 Z cos (9.-,T) fit= 0, and 

similarly 
2 cos rnt sin snt and 2 sin rnt sin snt are each equal to zero. 
Consequently for determining the constants there the following 

equations :- 

7r n. 2 h cos qmnt = - AT) or A, = - 2 h cos r n l ;  
n 7r 

P. 
71- n 2 h sin r9~t = - Br, or B, = - 2 A sin r n t .  
?L 7T 

The A's and H's being now determined, the R's and r s  are cal- 
culated from t,he two formulz given above. 

The method of determining the A'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 t ha t  a comparison of the records of' different 
years may be made, i t  is necessary to exhibit the 
height of the tide in yet  a different form ; for when aonstants kI nncl K 

i t  is represented by R cos (nt - cj, i t  is clear that  C 
may have any value from 0 to  360" and t ha t  the results of the analysis of 
successive years of observations will not be comparable with each other. 

Such being the  case, let i t  be supposed that the results of the 
analysis are presented in a number of terms of the form 

f H c o s  ( V  + u - EC). 

Here t7 is a linear function of the moon'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 a t  the  place of observation reduced to  
angle at 15' per hour. J' therefore increases uniformly with the time 
and its rate of increase per mean solar hour is the n of the first method, 
or the ' speed ' of the tide. 

It is supposed that u stands for a certain function of the longitucle 
of the nocle of the lunar orbit, a t  an epoch half a year later than 0'' of 
the first day. Strictly speaking, 71 shonlcl be taken as t.his same 
function of the longitude of the moon's nocle, varying as the node 
moves ; but as the variation is but smal! in thc course of a year, ?r may 
be treat,ed as a constant and put equal to  an average value for t,he year, 
which average value is taken as the true value of 76 at exactly mid->-ear. 
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Together V + u constitute the whole ' argument '* according to. 
the equilibrium theory of tides, with the sea covering the whole earth ; 

and i t  therefore follows tha t  !- is the lagging of the tide which arises 
12 

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 f is a numerical 
factor of augmentation or diminution due t o  the variability of the  
obliquity of the lunar orbit : the method of determining i t  is fully ex- 
plained in, and its values tabulated a t  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 K should come out the same from each year's 
reductions : and i t  is only when the results are presented in such a form 
as this, tha t  i t  will be possible to  judge whether the harmonic analysis 
is giving satisfactory results. 

The determination of H and n from R and Cis made as follows :- 
R Clearly H - - and is at once found; also nt-5 is identical with 
. f 

V+ U-K, SO tha t  if Po be the value of V a t  0'' of the first day, t ha t  
is when t=O,  then, 

-C= V,+u-rc;  
so that  n=c+ VO+u.  
Thus the rule for the determination of K is :-add to  the value of C t h e  
value of the ' argument '* at Oh 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 Par t  
I pages 54  to 58 of Volume 16 G. T. Survey. E'or 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 Sohednlee [B, i], [B, ii], [B, iii] and C of Profeseor Darwin'~ 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 

compouud ' 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 giving a list 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. 

y = earth's angular velocity of rotation. 
a = mean motion of the moon. 

3 = ' , I ,  ,, sun. 
m = ' 9  9 ,  ,, lunar perigee. 
b = 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. 
s = moon's mean longitude. 
= longitude ' in the moon's orbit ' of the ' intersection.' 

I = obliquity of the lunar orbit to the equator. 
0 = J v  ,, ecliptic. 
i = inclination of the moon's orbit to the ecliptic. 
P = longitude of the moon's perigee a t  mid-year measured from 

the ' intersection.' 
The letters with the zero subscript. represent the values of the 

oorresponding I _ functions a t  0" of the 1st day of the year of observation. 
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Not uee~d for purpoeee of prediction. 

Initial 

s, 
9 2  

*94 
$96 

+se 
p 1 

T2 
*M, 

Mz 

"M3 
M4 
M, 

*Me 
K 1 

K2 

N2 
aN2 

L, 

"2 

0 1  

Q I 

Jl 

(MSI4 
h o r a M S  

(aSM), 
' (M9K,)3 

( ~ M z ~ I ) ,  
("zN)4 
*MSi 
*Mm 

, + M i  

8a 
81s 

L I S T  O F  

Name of tide 

Princip J Solar Diurnal 
9 J  , Semi-Diurnal 

I 
>principal Solar Series Over-Tides 

j 
Larger Solar (Declinational) Diurnal 
Solar Elliptic 
Principal Lunar Diurnal 

, I ,, Semi-Diurnal 

1 
1 Principal Lunar Series Over-Tides 
I 

J 
Lani-Solar Diurnal (Declinational) 

,, ,, Semi-Diurnal ,, 

Larger Lunar Elliptic 
Lunar Elliptic, 2nd order 

Srnaller Lunar Elliptic 

Larger Lnnar Evectional 
Lunar (Declinatiooal) Diurnal 

Laaar Elliptic Diurnal 
Hnpplementary Lnnar Elliptic diurnal 

1 
i 
) Compound Tides 

1 
J 
Variational Fortnightly 
Lunar Monthly 

,, Fortnightly 

Solar Annual 
,, Semi-Annual 

Speed in symbol8 and 

Y-rl 
a (7-V) 
4 (7-7) 
6 (7-v) 
8 (7-V> 
y-2 l) 

2 Y -3  7 
y - a - w a n d  
y - a + w  

2 (Y-V)  

3 ( ~ - 4  
~ ( Y - u )  
6 (Y - a) 
8 ( 7 - a )  

Y 

2 v 

2 y - 3  a + m  
2 y - q  a + 2 w  

2 y - a - w  and 
2 y - a + w  
z y - , 3 a - ~ + a q  
y -  2u 

y - , z a + v  
y + a - w  

4 y - 2 ~ - 2 7 1  
a y - q a + ~ v  
a y +  za-47 

3 7- 2a 
3 Y-4a 
4 Y - 5 a + m  
z a - z ~ )  
a - v  

a a 

r) 

1 7  

in m.s. hours 

15O 
30 
6 o 

90 
120 

14.95893 I 4 
29'95893 I 4 
I 4.492052 I 

28.9841042 

43'4761563 
5 7  '9682082 
86'9523126 

11.5'9364164 
1 5 - 04 10686 

30.0821.~72 

28.4397296 
27'8953548 

29.5284788 , 

28 - 5 I 258.30 

I 3 94.30356 

I 3 .  -3986609 
I 5 - 5854433 

58 .984 l04~ 
27.9682084 

.31.0158958 
44.0251728 

42 9271398 
57'4238338 
I 01 58958 

om 5443747 

I ~09803,~o 

0-0410686 
0.08 a I 3 7 2 
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Initial 

S, 
s* 
s4 

So 

P, 
T2 
M 1 

Ma 

M 3 

M4 
Mo 
M rn 
K I 

K2 

K 2  

2 Nz 

LA 

" 9  

01 

Q I 

J 1 

(MS)4 
p, or aMS 

(28M)s 
< " z K , h  

(aMgK1)3 

(MzN)4 
M Sf 

bl m 

Mf 

SB 
so8 

. ---- 

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

T I D E S  
. . .. - .- --- 

Initial Argument = F; + u 
- 

Zero 
9 

11 

I 

I -Ao + : r 
-(?%-~1) . 

(ho-v)-(so-€) + Q-?r where 
tan Q = f  tan P 

2 (? I " - - * ) - -2  (so-[) 

q Arp. M 2  
2 Arg. 31, 
3 Arg bl ,  
4 Arg. M2 

7,"-v'-',r where 
sin v 

tat, v ' =  
c:os v i- a1G'4 k 
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52. The tide-gauge gives n graphical record of the height of the 
, water above some known datum for every instant of 

Descriptiou of nn- 
nlerical harmonic time. The first operation performed on the tidal 
I ~ s i a  lor short  period record is the measurement, in feet and decimals, of 
tides. 

the he ig l~ t  of the water above the  true zero of the  
gauge (the heiqht of which relatively t o  the datum is known) a t  every 
mean solar hour. The period chosen for analysis is about one year, and 
the first, measurement corresponds t o  noon, bu t  it has been found incon- 
venient hitherto to have the same initial noon a t  the  several ports. 

It would seem, a t  first sight, preferable to take the measurements 
at each mean 111nar hour;  bu t  the whole of the  actual process in use is 
based on measurements taken at the  mean solar hours, and a change to  
lunar time moulcl involve a great  deal of fresh labour and expense. 

If 'l' be the period of any one of the diurnal tides, or the double 
period of any one of the semi-diurnal tides, i t  approximates more or less 
nearlv to 24  mean solar hours, and if i t  be divided into 24 equal parts, 
each part may be spoken of as a T-hour, while for brevity mean solar 
time will be referred to  as S-time. 

Snppose, now, that  there are two clocks, each marked with 360' 
or 24 hours, and t ha t  the  hand of the  first or S-clock goes round once 
in  24 S-hours and 1 hat  of the  second or T-clock goes round once in 
24 T-hours ; and suppose tha t  the two clocks are started at 0' or Oh at 
noon of the initial day. For the sake of distinctness, imagine t ha t  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 i t  is required from these data, to  determine 
the height of the water a t  each T-hour. For this end, i t  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 Oh of the first day, i t  is necessary to  count 
0, 1, 4,  kc., 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  a s p  + 4. 
When, however, the T-hand has advanced to  t h e p  + r hour-mark, the 
S-ham1 will be a little beyond p + I + $ ; tha t  is to say, a little l e ~ s  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 ,oo on conti- 
nuously for a number of hours nearly ecjual to 2 p ,  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, i t  is obvious t ha t  one number 
would be repeated a t  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 a t  S-hours, the S-nleasl~re- 
rnents must be entered continuo~~sly up to  p : then comes a 'change' 
and the dropping of one of the S-series, after ~vhich the entry goes 
on continuously until another 'change' \.rrhen another is dropped, 
and so on. 

Since a 'change' oecurs a t  the time \\.hen a ' l l - l ~ o ~ ~ r  falls almost 
exactly between two S-hours, it mill be more accurate to insert the two 
S-entries which fall on each side of the truth.  If this be clone the 
whole of the S-series of measuren~ents is entered on the T-sheet. 
Similarly if i t  is the T-hand which goes faster than the S-hand a, gap 
may be left in the T-series instead of duplicatinp ail entry. For the 
analysis of the T-tide there is, therefore, prepared a sheet arranged in 
rows and columns : each row corresl)ouds too one T-day and the colunlns 
are marked Oh, lh, . . . ,. 23h ; the Oh's may be called T-noons. . A dot 
is put in each space for entry, and where there is a 'chauge' two dots are 
put  if there is to be a double cnt r r ,  and a bar if there is to b e  n o  entry;  
black vertical lines mark the end of each S-day. Tliese black lines 
will, of course, fall into slightly irregular diagonal lines across the . . 
page, being steeper and steeper, the Inore nearly T-time approaches 
to S-time. They slope downwards from right to. left if the T-hour 
im 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-liour, 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 Oh,  i t  

follows t h a t  t o  fincl t he  number of hour values entered in  the  fo rm f rom 
Oh of t he  first day,  i t  is necessary t o  subtract  1 from the  number of t h e  
day  and  t o  add 1 to  the  number of hour. 

For  each class of tide there a re  five pages similar to  t he  antiexed 
examples, g iv ing  in  all about  370 values for  the height  of t he  water  at 
each of the  24 special hours : the  number of values for each hour varies 
slightly according a s  more or less 'changes' fall into each column. 

T h e  numbers entered in each column are summed on each of t h e  
five pages ; t he  five sets of results are  now sumlnecl and  the  results 
divided each by t h e  proper divisor for i ts  column, thus  g iv ing  a mean 
value for  t h a t  c o o l m ~ .  I n  this  way 24 numbers are  found which &a 
t he  mean height of the  water  a t  each of t he  24 special hours. 

53. Now it is obvious t h a t  if t he  heights he taken for each mean 

Eliminating solar hour for  a very long period, and  the  24. averages 
effects of other taken, grouped and subjected t o  analysis a s  above, t h e  
tides. 

result will esactly express t he  part,icular t ide under 
investigation and the  influences of a l l  the  other tides will be eliminated, 
because of t he  grea t  number of t he  l~eriods included in  t he  summation ; 
for nlthougli t he  other constitnents would no doubt  influence each indi- 
vidual height, ye t  in t h a t  period they  will have been in such a number  
of different positions all rouncl the  circle of revolution, t 'hat in t h e  
nveragings their force woulcl be eliniinat,ed. 

The  elimination can however never be quite complete, a s  t h e  
~ ~ e r i o d  of analysis only ext,etlds over about a year, and  t h e  selection of 
certain periods not quite ecjna.1 t o  a year for a,nalysie will theoretically 
minimise the  effects of the  various Iides on each particular tide. 

For, suppose t l ~ a ~ t  the exl~ression for the height  of the watel is 
A, cos I I , ~  + H1 sin n,t + A 2  cos n2t + Bj sin n,t, 

where 11, 1s nearly eyna,l to n,, and tha t  i t  is reqaired t o  eliminate t h e  
n,-tide so as t o  be left  o l ~ l y  wit11 t h e  11,-ticlc. 

Tlre expression may then be put  equal to 
{ A, + A, cos (11, - n, )  t - BS sin (v, - n2)  1 ) cos n,t 

+ \' Bl -t A, sin (n, - 11,) t + H, cos ( 1 1 ,  - 11,) f j sin n l t  ; 
whicli shows t h a t  the  tide may be regarded as oscillating with a speed 
w,, bu t  with slowly varylng range. Now, In the  colrlmn appertaining 
to any hour in the  form, tr , t  is a intiltiplc of 15", if n, be a diurnal ; a n d  
of 30°, if nl  be a semi-diurnal tide. Consider t h e  column headed 
9-hour' ;  then n, t = 1 5 O p  for diurnals and 30°p for semi-diurnals. 
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Hence the sum of a11 the entries, of which suppose there are q, in 
the  column numbered p-hours, is for diurnal tides, 

[ 1 5 ~  eos 150p (A ,*  t A, cos ( n , - n , )  - + cos (n, - n,) - + 3) 
"ll (: nl 

+ oos(n,-n,) ( a % +  n1 . !%)I 1t1 + BI [&c.]) + sin 15>( kc . )  . .(a) 

and for semi-diurnal tidea, the arguments of all the circular functions 
in the  expression (a) are t o  be doubled. 

Now such a number of terms is t o  be chosen, tha t  the  series by 
which A, and B, are multiplied h a y  vanish. This is exactly the case, 
if the  series is exactly re-entrant and is nearly the case, if nearly 
reantrant .  I 

The  condition is exactly satisfied, if 

2" = 27r 1 for diurnal tides, !n, -2,) y .- 

nl 

or (%I -7%) 9 -  4= = a7r for semi-diurnal tides, 

where r is either a positive or negative integer. 
Tha t  is t o  say, if 

(n, - n2) q = n, T for diurnal tides, 
or (n, - n,, 1 = 9 n,r for semi-diurnal tides. 

It is not worth while at tempting to  eliminate the effects of the 
semi-diurnal tides on the  diurnal tides and vice vrrsb?, because the 
periods could only differ by the fraction of a day, and owing to  the 
incommensurability of the speeds, i t  is impossible to  avoid being wrong 
to tha t  amount. 

It is of course impossible to choose for each tide n,, 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 n, ; and 
accordingly the periods have been chosen so as to  rninimise 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 0 or K,. 

I n  choosing the period for reduction 369 days 3 hours was taken 
for the S and M tides, as being t o  the nearest hour, 124 lunatione or 26 
periods of spring and neap tides, and therefore giving the least posaible 
influence of the mean lunar and solar semi-diurnal tidee, each on the 
eeta 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 cont'aining an integral number of periods 
#of these tides, and eliminating as fa r  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 elliptic. 
For the declinational tidal constituents the periods found similarly 

t o  those above are all so nearly equal, that  the same period, viz :-369 
days 3 hours, has been used f o r t h e  whole of them. 

Tabulating these periods me have 

Tides named f o r  brevity Periods 

S, M, 0, K, P, p, T, MS, RSM 2N, M,N, M2Kl, 2M2Kl, . . .  369 days 
3 hours 

... ... ... ... ... J, Q, 370 days 
5 hours 

. . .  ... . . .  ... L, N, . . .  358 days 
6 hours 

... . . .  ... ... ... Vs 349 days 
22 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.  S., though in the 
sample computations given on pages 80-279 of the same Volume, the 
correct periods, as given above, are adopted. 

Iletarning now to the general notation and considering the 24 mean 
values, each pertaining to  the 24 T-hours, i t  may be supposed tha t  
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 qiven 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 it is obvious that  any one of the 24 balues does not give 

hngmonting 
true height of the T-tide at the T-hour, but gives the 

factors for cor- average height of water, as due t o  the T-tide, esti- 
recting heights. mated over half a T-hour before and half a T-hour after 
that  hour. A correction must therefore be determined on this account. 

The required expression for the height of the tide at any T-hour is 
i = A ,  C08 0 + B ,  sin 8. + &c, &c.+A, cos r 8+B,  sin r 8+&c. 



But  the results of analysis give instead of this the  mean of all t h e  
n n 

h's between the  limits 8 + - ; -and 8 - -- . 
2 2 

That  is ha=Bh between th2se limits 
= &c. + 2 A,. cos r- 8 + d B, sin I .  8 + kc.  between these limits, 

2 rn 2 ra or Irn=&c. + A,-- sin - -  - cos r 8 + B,.- sin - sin r 8 + &c. 
r 2 9- 2 

7 a TQ 
sinT 

L 
sin 

whence Ir =kc .  + ---- ,4,. cos I. 8 4- 
r (1 

B,. sin r 8 + &c. 
ra 
- .  - 
.> 
4 2 

(:onsequently the coefficients that  express the  oscillation which goes 
through its period r times in 24 T-hours, must be augmented by t,he 

factor 2 to give the true A,. and B,.. . ra 
sin ,-- 

Remembering tha t  a is 1 5 O  and putt ing for T,  1, 2'3, &c., in succes- 
sion, the augmenting factors for  the diurnal, semi-diurnal, terdiurnall 
oscillation, &c., become 

7 - 5 ~  1 5 7  2 2 . 5 ~  
180 sin To 30' ' 180 sin 15"; 

&c. 
180 sin 22' 30'  ' 

Thus, the augmenting factors are :- 
for A,, R, . . . . 1 a00286 

A,, B, . . . :L-01152 
A,,B, . . . 1.02617 
A,,B, . . . . 1.04720 
Ab,B, . . . 1.11072 
A,,B, . . . . 1.20920 

Tn the reduction of S-series of tides, the numbers treated are the actual' 
heights of the water exactly at the  S-hours, and therefore no augment- 
i n g  factor is requisite. 

55. I f  now t denotes T-times expressed in hours and rt is 1fjc, t h e  

Determination 
heigbt 4, as expressed by the averaging process explained 

of ~ * s  and ~ ' s .  above, is given by the formula 
Ir = A. + Al cos nt + B, sin nt + A, cos 2nt + B2 sin 2nt + kc.,. 
where t is 0, 1, 2 . . . . 23. 
I'hen, if 2 is the sum of the series of 24 terms found by giving t itcc 
21 values, as before shown, 

A, = GT 2 h ; A = .+= 2 h cos f i t ;  B, = $9 Z Ir sin nt ; 
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:Ip = & 2 cos 2 7 1 1  ; B2 = +T 2 h sin Zrt ; &c., t o .  
Also, since ?L= 15O and t is a n  integer, a l l  t he  cosines a n d  sines involved 

equal t o  one of t he  fol lon~ing :-0 ; & sin 16'; f sin 30'; + sin 45' ; 
+ sin 60' ; 2 sin 75' ; f 1 .  These are  denoted in the  computation - 
forms b3'0,  f S,, + LC2, S,, S,, 2 S,, + 1 .  

This enables t h e  forms t'o be arranged in the  neat  tabular  form o n  
pages 1, 2 and 3 of the  Boalj-sis of Short-Period Tides, a specimen of 
\rhich is given in 1bmn1 No. 1 where t h e  248 hourly values t o  h r  sob- 
mittecl to  analysis a re  written co~~ t inuous ly  down columns I and 11. 
r 1 l h e  siibseqilent operations are  sufficiently indicated by t h e  headings 
to  the columns ancl i t  will be found on exan~ina t iou  t h a t  the results a r e  
111 rea1ii.y the sums of the several. series given above. 

The  A's and  B's are  thus deducecl, and  then R = JA" B2 : i t  
rnllst be multiplied by the angnient ing factor, already e ~ a l u a t ~ e d ,  to 

1 
I 

obtain t.lle aogmentecl R mliich, when multiplied by -, gives 13. N e x t  
B f 

t'lie ailgle whose tallgent is -- gives g, which nlust be added t o  t h e  
A 

a p ~ r o l ~ r i a t e  V,, + u to find K .  T h e  form used will be found in the sl)ecimen 
of the reclnctions: i t  also serves for t he  firla1 t.reatment of the  long 
periocl tides, except t h a t  there is 110 augmenting factor, and  t h a t  t h e  
increase of n for 1 14  hours has t o  be added t o  e. 

5 6 .  For the  purpose of cletermining the  ticles of long periocl, it is 
necessary t o  e l in~ina te  t he  oscillations of water-level 

Lo~lg-l>e~.iotl 
title<. arising from the tides of shor t  periocl. As t h e  quiclzest 

of the  tides of long period has a period of many days, 
tlre Ilright, of the  water a.t one instant  for  each day  g i res  sufficient data.  
I 1  I hus there will, in a year's observations, be 365 heights t o  be sub- 
111ittecl to Iiarmonic analysis. 111 leap-years, the  last day's observation 
must he dropped, because the  t r ~ a t m e n t  is aclapted for anslysing 
365 values, 

In  finding the  value of the  Iiright of the  a a t c r  for  each day, t h e  
algc1)rairal mean of 24 conseclltive honrl-~- rallies. beginning with t h e  
I~eighf  a t  noon, is take11 : the  reslllt mill then apply t o  the  middle 
instant of the period 0" to 23'1, tha t  is to say to  11'1 90n1 at night .  

5 7 .  The formation of a daily mean does not obliterate the  t idal  
oscilla.tio~ls of sl~ol-t  period, because none of t,he tides, 

(:lenrnncc for 
short -pc~. iod t,idcs. excepting those of the  principal solar series, have  

commensnrable 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. 

Lpt R cos (nl - c) be the expression for one of the tides of short 
period, i ~ s  evalnated by the harmonic analysis for the  same year : and 
let  ( t  be the value of nt - tj at any noon. Then the  24 consecutive 
hourly heights of the water clue to  this ticle, beginning with that  noon, 
a r e  :- 

R c o s  a ;  R C O S ( I L + U ) ;  K , c o s ( ~ ~ + ~ L )  . . . R c o s  ( 2 3 n + u ) ;  
sin l2n 

Nowthesum of these24quanti t iesis  R . cos (a + 1 I. $n), so that 
Sll l  $ IL  

s in  12rr 
the 'clearance of the claily mean' is - -1 -I1 ,- cos(a + 1 1 & 7 2 ) ,  and is 

'I sln + I&  

additive. 
It lias been found, practically, tha t  only three tides of short period 

viz. JI,, N, 0, exercise any appreciable effect, so tha t  clearances for tlleln 
have to  be applied. It was formerly the custom to compute the clear- 
ness for these three tides, for every clay in the year, as above, and to  
correct the daily means accordingly : but the procedure now is different, 
and a sinqle correction, for each short-period tide, is applied to each O F  
the filial equations, instead of to  each daily mean. The process will Le 

explained more fully below. 
'L'lie late Professor J. C. hdams  suggested an  alternative 1)lan i l l  

which the ticle-predicting machine may be used for the evalllation of tllo 

sums of the clearances. It is evident that  R cos (ct  + 1 I 418) is the Iieiglit 
of the t,ide n at 11'1 30111, and the same is true for each such tide. I-Ienct! 
if the tide-predicting machine is used to rrln off a year of fictitious titles 

with the semi-range of each tide equal 
sin 1271, to 1- "" sin 42, 

of its true 

range, a!i(l with a11 the solar series andthe  annual and semi-annual titl(1s 

put  at  ztlro, the height given at each 11" 30'" in  the year is the sum For 
each (\;a\: of all the clearances to  be subtracte.d. 

58. The mean of the 365 quantities is now taken to give the Inc;! ti 

height of the water for the year; and it is evitlelit, 
Unclearctl eqna- 

tions. that ,  even if the claily means are uncleared from tlie 
effects of the short-period tides, as is the casa i t1  

practice, this yearly mean cannot be sensibly vitiated. 
The  yearly mean height is next subtracted from each of the :3(;5 

daily means, and 365 quantities, 64, 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 
yabove as Nn1, $If, MSf,  Sa  and Ssa. 

Le t  
BA= A c o s ( a - m ) t  + B s i n ( a - m ) t  

t C cos 2a t  + D sin 2 a t  
+ C'cos 2(a-q)t  + D'sin 3 ( a  - q) t  
+ E cos qt + F sin q t  
+ Gcos 2.jt + H sin 27t, 

where t is time measured from the first 11" SOu. 
Then a little manipulation, for which the reader is referred to  

Professor Darwin's Report of 1883, gives the following equations :- 

S h x c o s  ( u - P ) t  = 

,, x si~l(u--)t= 

,. X C 0 9  2ut = 

,, x sin aat = 

,, X COB 2(u-q)t= 

,, x sin z(u-q) = 

,, x cos q 1 = 

,, x sin 7 f = 

,, XCOA2qt = 

,, x sin ?q l = 
- - - - - - - 

If the clsily mcans have been clearetl by t,he use of the tide-predict- 
ing maelline as above dcscribetl, tliese ten equations are ready for solution, 
but  if not, then before solrltion of the final eqnations, corrections for 
clearance ln~is t  be apl)liccl to  the left hand sides. 

59.  The left-hand sides of these equations must now be cleared from 
the effects of the three tides of short period. This 

Wnmeri'c.nl tl cter- 
rninstion of clc.ll.allr:ea, is done in the following manner :- 

It has been shown befare tha t  the 'clearance ' is 

1 sit1 12n - 2 T  RT- cos (?~t-t+ 1141?.).  
ain &?t 

The lwoper clearances therefore to  be applied to  the left-hand sides 
of the first and second equations will be :- 
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sin 1291 -,gc R sin 3% cos ( a t - C t l l i  n )  cos (a-P) t, 

sin 1211 
and R cos ( . r d  - c+ 1131~) sin (a -P) t, 

sin in 
the summation extending over 365 days. 

Writing R cos Tr= A and R sin C= B, Professor Darwin in his report. 
of 1883 has deduced these clearances in the forms 

X, A + X ,  B and Y, A + Y ,  B, 
where the X's apply to the left-hand sides containing a eosinr and tha .  
Y's to those containing a sine, and the A.'s and B's are taken from the 
analysis of the corresponding short-period tides. Simple formulz 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 :- 

60. As the rletermination of each of the ten quantities 2 8h 
ros (c-m) t ,  B 6 i  sin (a-w) t, kc., by m~lt~iplying 

Method of 'eqni. 
relent mnltipliere. each of the 3656d's by its proper cosine or sine andadd- 

ing the reeults together, worild be extremely laborione, 
the method of equlvslent multipliers has been devised by Professor Adams, 
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The values of the respective cosines and sines are divided into eleven 
groups, according as they fall nearest to  Z 0, -9: -8, 7 . .  . . . . . . - 2 ,  - 1 , O .  
Then, as all the values of 6/1 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 6h which belong to  one of these groups are collected together, 
summed ancl 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 5h's must he changed : this is effected mechanically 
as follows :-In the spaces in the forms for the entry of the 6d's, tliose 
6h's whose signs are to be unchanged are to be entered on the left side 
of the space ~f positive, and to the right if negative. Thus, in the 
column correspondiilg to each mitltiplier, there are two sub-columns : 
these are separately summecl and tlie difference of these sums gives the 
total of the colun~n for the 6h's whose signs are to be unchanged. This 
~ r o c e s s  is carried out in the ripper half of the form and the result is 
called (1. Exactly the same course is adopted in the lower half of the 
form with the ah's whose signs have to  be changed, and the result is 
denoted by 6. The complete sum of the ah's is thus n-b, a ~ l d  the 
value of a-b in each column is multiplied by the multiplier correspon- 
ding to that  column, when the sum of the proclucts will give the result 
required. A pair of forms, one for the cosine and the other for the  
sine series, is of course required for each long-period tide. 

d l .  Having now obtaineel tlie 'cleared' vabes  of the left-hand 
sides of the eqnat'ions, the left'-hand side of the first 

Solntiou of eqna- 
t,ionu. equation is clivicied by the coefficient of A in that. equa- 

tion, the left-hand side of the second equation by the 
coefficient of B in that  equation a.nc1 so on, the results being al~proximate 
values of A, B, C, &c. l11iese are now substit~lted in the ten equations 
and the final values of A, B, C, kc. deducecl. Rut the initial instant of 
time is the first 11" 30"' in  the year, instead of the first noon. Hence, 
if as before, 

I3 R" 11% BB? and tan t, = - 
- A '  

then, in order to reduce the reslllt,~ to the nol.n~al form in which noon 
of the first day is the initial insta,nt of time, the increment' of the 
corresponding argument for 1 1 ' '  30N1 must be added to (, to get  c. 
Having tlltis determined R and 5; H and rc will be found as before by 
multiplying R by its 11rope1' factor of reduct,ion and by adding to C 
the initial argument. 
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62. From the  analysis of the observations a t  any port, one value of 
H (the mean semi-range) and one value of rc (which 

preprration data may be called the mean epoch) are obtained for each for prediction of t~des .  
constituent for each year of observation analysed. For 

the larger tides M,, S,, K, bc., the values obtained are very accordant, 
but in the smaller tides there are considerable discrepancies from year 
t o  year. The means of the valiies of H and K for each tide are accept,ed 
as the  best results. 

The computations of the R's and ,!j's are carried out in the way 
described in  the account of the reductions of the observations, the only 
difference being that  t o  find R from H and c from rc, the formulz 
R=,f  H and 5 = ~ - ( V ~ + 7 1 . )  are used. 

Suppose, now i t  is required to  predict the tide for an?- open seaport, 
the  values of the R and c of the 24j component tides which are to be 
set  on the  tide predicting machine, are computed for the 28th Decem- 
ber of the year preceding the  commenceinelit of l)rediction. The 
values of U multiplied by a constant factor give the amplitudes and 
(:)ciO0 - r)  the phase angles to be set on the tide predicting machine. 
In the case of a Riverain port the procedure in com1)uting is the same 
onlv the compntation is limited to  8 component tides 1-iz :-2M,K,, 
J ,  8, P, M,K,, S,, K, & 0, as only tiiese are set on the maelline. 

63. It may happen from time to  time that  the ticle-gauge breaks 
down for a few days, from the stoppage of tlie clock, 

Tnterrapt~on in 
re13ord 

m e  choking of the  tube, or some other accident and 
tha t  otller readings are not talien during the interrnp- 

tion. I n  this case there will be a hiatus i n  the valiies of 811. Now the 
whole process employed depends on the ekistence of 365 continuous 
values of Ah. Unless, therefore, the year's observat~ions are to he sacri- 
ficed, this hiatus must be filled. If  not Inore than three or four days 
observations are wanting, it is best to plot out the values of 61 graplii- 
cally on each side of the hiatus and, fillinq in the gap  with a curve 
drawn by hand, us(? the values of 6h given by the conjectural curve. If  
the gap is somewhat longer, several plans might be aclopted, for example, 
if there i s  another station in the neighbourhood the values of 6h for 
t ha t  station might be ~nserted ; or, the values of 6h for another part of 
the year, in which the moon's and sun's cleclinations are as nearly as 
possible the same as they were during the gap might be used and, as s 
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 ah's are entel.cc1 in their proper 
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*laces ; then in the ten final equa t i o~~s  all the terms with small coeffi- 
cients are neglected, and in the terms whose coefficients are approximately 
183 5 ,  a coefficient equal to 182 .5  diminished by half the number of 
days of hiatus, is substituted ; the computations are then carried out, a s  
if there was no gap, until the values of R and f are obtained for each 
long-period tide. From these approximate values of R and c, the height 
of each tide for each day of the gap is computed from the formula 
R cos ( ~ t k - c ) ,  where t is the number of days since the commencement 
of the year of observatiou and YL the speecl of the particular long-period 
tide per mean solar day. T h r ~ s  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 6h for the particular day. 
The gap having been thus filled in with computed ah's, the whole 
computatioll is repeated with the cornpleted series. 

Where a break estends over two or three months in the first half 
of a working year, t !~e  observatiolls antecedent to the break in that, 
half-year are rejected, and the date of the workiaq year put  forward 
to the date following the end of the break : but if the break occurs in 
the second haJf of the working year, that  year is considered t o  end a t  
the commencement of the break, and to begin 365 davs before it .  And 
the year following the breali will be+ a t  the end of 'the break. 

64. I n  entwiny the heiqhts of the water, read off the diagrams, in 
the computation fol.ms, various precautions are taken to  

Forms 
quarcl against error. The: procrclure 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 cou- 
venience been numbered consecutively from I to XI,  but this is not the 
case in the actual forms. 

6 5 .  After the cli;~~qrams have been prepared, the heights are succes- 
sively measuretl and entered in t,he respective hour 

Ti'orm I ,  S-Series. 
colilmns of this form, the first entry being that  of Oh 

of the 1st day. The first day is called I 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 011 the left-hand margin. 

The measiirements are made to h~indredths of a foot, by means of 
a paper scale divided into tenths ancl hundredths in accordance with 
the working scale of t he  instrument which registered the diagram 
under treatment. When the rc~acler has callecl out the entry for each 
2Jrd hour, the recorder checks the record by calling out ' end of the 
day ' and then gives the date of the next clay. 
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The reading and entry of the  heights in the  S-Series is done in 
duplicate, the original set being generally nleasored by one, and the 
cluplicate by another computer. While the measurement for the  
duplicate is going on, tlie first computer watches the  entries in the 
original and if the reading differs by more than 0 -0  I ,O 03 or 0 05 of a 
foot according as i t  is the natural, half or smaller scale, t ha t  height is 
a t  once remeasured and a corrert value entered both in the original and 
the  duplicate. The  original and dilplicate are now compared, and if 
there are any discrepancies larger than those above mentioned, they 
are noted, remeasured at the completion of the comparison, and correct 
values entered in both copies. 

t;6. The heights are next copied from the  original of the S-Series 
Form 11, kc. 11, into the  M-Series, from the M-Series in to  the 

kc.. Series. 0-Series, flsorn that  into the K-Series and so on, 
the last beinc 11orv the ZMK-Series. 

Where n donble dot occnrs in the forms, i t  indicates tha t  two 
successive houri!- values of the S-Series are t o  6e entered, the first above 
the seconcl : when a horizontal line takes the  place of one of the usual 
dots, i t  means t h . ~ t  no entry is to be made there, but  that  the next 
entry is to  be in the nest, column to  the right. 

B black vertical line means t ha t  the  solar day divides a t  the line 
and that  the  height immediately preceding corresponds to  a 23rcl solar 
hour. A clouble dot wit11 a short black vertical line opposite the upper 
one, means that  the entry made a t  the upper dot is the  height corre- 
sponding to the 23rcl hour of one solar day, and that  a t  the  lower dot 
t o  the  0 h o ~ ~ r  of the next solar day. By these marks, the copyist 
knows t ha t  he is a t  the end of a mean solar clay. 

,it the right-hand side of all the forms, except the S-form, is e 
coln~nn headed S-hour giving the clay and hour of the  S-Series corre- 
spondinq to  the 23rtl hour of the particular (lay of the series in cjnestion. 
This is a further check but is rarely usefl 

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

Compnnson of it is compared simaltaneoosly with the original and 
entries. clriplicnte of the S-Series, and if it agrees with the 
o r iOin~l  the copyin!: is perfect. The comparison with the duplicate 
?uards against gross errors which may have e~cnpecl notice in the comb 
parison of the original and dnplicate. 

Errors fo~incl in the 2MK-Series are searched for in the other 
series in the reverse order until an entry is reached i n  which the error 
does not occur, and corrections are made accordingly. 
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68. T h e  heights in each column are then added together, the. 

or hoorlr units,  tens and  hundreds being separately summed, 
heights. and  the  sums entered a t  the  bottom of t he  page. 

Some weeks afterwards the!- are  verified by  fresh coml~uters .  

Besides this, for  the  $Series, t he  sum of the 244 hourly heights is- 
taken for each day and entered it1 the  column 'da i ly  sum,' which, 
divided by 24, gives t8he quantity in the  column ' clailj- mean.' 

69. For the  S-Series the  total  of t he  ' daily slims ' should be equal 
to the  total  of t he  horizontal line a t  t he  bottom of t h e  

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

For  the series, for  example the  M-Series, t he  total  of t he  

heights on page 1 of 51 should be t h e  total  of the  heights on page 1 
of S, less the  sum of the  last 12 hours on page 1 of S, since t h e  last  
entry on page 1 of M corresl)oncls t o  744" 1" of S. I n  comparing t h e  
botals after t he  first page, accoant must  be taken oE the  number of 
entries in excess or defect a t  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 ; bu t  care mus t  be take11 t h a t  t he  
number of observations is correct:  i t  shoulcl be the  

um- Form V 'i 
rnations and means. sum of the five quantities, one on each page, at the  

bottom of the  page uncler the  corresponcling hour. 

The  remainder of  the  fo rms  for short-period tides arp self-expla- 
t1ator3'. 

71.  The  Incan height of the water for  eacli dw,y is taken from1 the  

p-orm 1 ~ .  L ~ ~ ~ -  coli1m11 ' daily means ' in the  S-Series, and the  mean 
pcriod tides. height of t'he water for  the  whole year, or A,, is deter- 
mined in the  form for  the S-Series which corresponds t o  Form VI.  The  . . latter mean is s~lbtrnct,etl from each of the forlner quantities, giving a 
number of small pusitive and negative quantities 8A, one for  each day, 
'Phese are  entered in Form I X ,  of which thern are two for  each long. 
period title, in the manner described in t he  foot-note. 

72. I n  solviri g the  first eqoation, tllr second line is obtained by 
introducing for U,  C, D, etc., t l ~ e  first approximate 

Form XI. 
values obtained in the  preceding form. I n  solving 

t,he second equation, the  secoucl approximate valnc of A is introduced end 
the first of the other q~~rrnt i t ies ,  C, D, etc., alid so on. 

The  manner of carrying out  the remaining c o m p ~ ~ t a t i o n s  is snffi- 
aicntly evident f rom a n  inapect,ion of the  forms given belon-. 
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CBAP. I.] 

LONG-PERIOD TIDES. [KARACHI, 1883-84. 
- -- 

NoTE.-A and B to be extracted from harmonic anoZyair for Tidcs of Shert-Period. 

Tide Mm or (u-V). 
Coeine Series. 

A, = -2.378 
multiplier = -0.0556 

B, = +l.098 
mdtiplier = -0.1704 

A = -0.035 
multiplier = -0.0588 '[ 13 = +Om599 
multiplier = -0.0776 

A = -0.382 
multiplier = - o -0649 

B = -0.405 
multiplier = -0.3477 

Products. 
) = +om13 

) = -0.19 

1 = +om00 
) 3 = 

Total + = +0'29 
Tobl  - = -0.24 

Total clearance = + 0.0; 
Uncleared I d h  cos (u-=)t = + 1-29 

Ldh cos fa-d)t = + 1-34 

Divisor 183.05. 1st npprox. A = +o-ool] 

Sine Series. Products. 
Az = -2.378 

= -3.1703 
U2 = + I '098 

multiplier = +o.o441 = +O'Os 
A = -0.035 

multiplier = -0.0206 I = +0'00 
B = i0.599 

multiplier = + O . I I ~ L  1 = 'O'O7 
A = -0.382 > - 

multiplier = -oS345a j - +0'13 
B = -0'405 = -o.02 

multiplier = + 0.0405 

Total + = +0.66 
Totnl - = -0.01 

- .- - - - - 

Total rlenrance = +oah4 
Uncleared Pdh sin (a-m)f = +3.80 

. - - -- 

Wh sin (u-m)t = +4-44 
- - . . . .- 

Mqjsor 181.95. let approx. B. = +o.oaq 
--- 

Tide Mf or 20. 
Cosine Series. 
A2 = -2.378 

multiplier = + o -0030 
BP = +1.098 

multiplier = -0.0377 
A = -0.035 

multiplier = +om0368 
B = 4-0.599 

multiplier = -0.2234 
A = -0-38a 

multiplier = +o.o161 
B = -0.405 

multiplier = -0.0779 

Products. 
) = -0'01 

Total + = +0.03 
Total - = -o.~p 

Totd  clearance = -0.16 
Uncleared Pdh cos iut= + 7.10 

Idh cos z d =  +6.94 

Divieor 183- 18. 1st approx C = +o.38 

Sine Series. Pmducta. 
A, = -2.378 

multiplier = 0 0  ) = - 0'1° 
B, = 4 1  eo98 

multi~lier  = +o.oro~ = +0'01 - - - 
A = -0.035 

multiplier = - O - I S Z ~  = +0'01 
1% = +0.598 

multiplier = -oSo*54 ] = 
A = -0.382 

multiplier = +o-0842 j = -On03 
B = -0.405 

multiplier = +o.o338 ) = -O.OI 

Total + = +om02 
Total - = -0.19 

T otal cleamnce = -0- I 7 
Unclefired Xdh ~lin lot = + a -  I 4 

Xdh sin act = + I  .97 

Mviaor 181.81. 1st approx. D= +O.OII - -. 
The 1st npprorlmatione of the constants for other three tides are deduced ill the anme way, end am 

,for MSf. C' = -0-WI, D' = -o.oog; for Ss, E = +o.o89, F = -0.~1; and for 8se, Q = -0.w3, 
= +o 18s. 
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CHAP. I.] THEORY AND COMPUTATION 
- -- 

Correction t o  the tidal pamphlet, ' The Tides! (1926). 

Chapter I, Page 61, para 84 - 
St~hs t i tu te  the words " Chapter I " for the words " the book " 

in line 1. 

Qeod. Er. P.0.-1926-310. 

86 .  ' this table is the converse of Table 1, but  had to be made out 

Table 11. 
somewhat differently. The correct value to three 
places of decimals of a degree is a11 that  is generally 

required in the computations. This is given in the 4th column, and i t  
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 mill also be observed that  the table is divided i ~ t o  six groups. 
The reason of this is as follows :-6 minutes = -1 of a degree, 12 
minutes = 2, 1 8  minutes = 3, and so on. Therefore, ally number 
of seconds added to 6 minutes will give the same figures in t,he second 
and third place of decimals, (in the equivalent value of a degree 
expressed in decimals), a s  the similar number of seconds added to 1 2  
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 i t  in the 2nd column mill be found t , l~e  first 
figure of the equivalent value in decimals of a degree. Keeping to  the 
game group, loolr in the 3rd column for the seconds, (most probably . the exact number will not be found), entering this column at the  
,?pace between the number of seconds next less, and the number of 

seconds next greater than that  looked for, in the 4 t h  colum~z opposite 
this ,?price the second and third figures of the corresponding value of 
the decimals of a, degree will be found. I f  the actual number of 
seconds looked for is found in the tliird column, then the corresponding 
value is obtained in column 4 opposite the spuce i f z  column 3 below the 
11nmber of seconds. 
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84. The tables a t  the end of the book have been constructed to- 
facilitate the computation required for the harmonic- 

Auxiliary Tables. 
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. 

35. This table, for converting decimals of a degree into their cor- 
responding values of minutes and seconds of arc, 

Table I. 
enters frequently into the computations, more es- 

pecially in taking out the values of the trigonometrical functions from 
Shortrede's Logarithm t,ables. I t s  use hardly requires explanation. 

86. This table is the converse of Table 1, but  had to be made out 

Table 11. 
somewhat differently. The correct value to three 
places of decimals of a degree is all tha t  is generally 

required in the computations. This is given in the 4th column, and i t  
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 mill also be observed that  the table is divided izto six groups. 
The reason of this is as follows :-6 minutes = . l  of a degree, 12 
minutes = 2, 1 8  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), a s  the similar number of seconds added to 12 
minutes or 1 8  minutes would give. Similarly, 1 minute, or 7 minutes, 
or 1 3  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 fip1.e of the 
clecimals of course alters). 

To use the table, first look for the minutes in one of the groups 
of column 1 ; opposite i t  in the 2nd column mill be found tlie first 
figure of the equivalent value in decimals of a degree. Keeping lo  the 
some groy1, look in the 3rd column for the seconds, (most probably 
the exact nnmber will not be found), entering this column at the 
8pace between the number of seconds next less, and the number of 
seconds next greater than that  looked for, in the 4th  colum?z opposite 
this ,?puce the second and third figures of the corresponding value of 
the decimals of a degree will be found. I f  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 ifi colun~n 3 below the 
llurnber of seconds. 
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Example.-Required t8he decimals of a degree corresponding to 
18' 251J:--. 

Coln~nn 1, group 1, 18' . . . ... ... = - 3  in col. 2 
B Y  H, ,, 1 ,  25" (between 23"..4 s i ~ d  27".0) . . . = -007 in col. 4 

-- 
Value required = ,307 

Again :-If the decimals of a degree corresponding to 40' ON are 
required : then as in the  above example, 40' 3" would just equal 
- 668, and anything less than 40' 3" must be less than .068. Again, 
39' 59" .4 would just equal -667, and anything greater than Y9' 59''-4 
must be equal to  -667 or more. Therefore 40' 0" would equal .667. 

87. This is extracted and deduced from Hansen's Tables de l a  
Lzne ,  pages 299 and 300 up to the year 1923. The 

Table 111. values of p, the mean longitude of the moon's perigee, 
(or rr as i t  is written in the tidal computation forms), is given for what is 
called January 0 of each year ; but in the preface to  Hansen's Tables it 
will be found tha t  January 0 ancl December the 31st mean the same date; 
therefore the values given in  the tables are for 0 hours December 3 l s t  of 
the preceding year. Bu t  this is not the case for leap-year ; the values 
given in the  tables as regards those years are for 0 hours January 1st. 

I f  the value of rr for 0 hours January 1st  is required for any year 
which is not a leap-year, take the value of rr given opposite in the 
next column, and acld one day's motion (Table V) ; if i t  is a leap-year, 
the one day's motion has not to  be added. 

Example.-Required p, or ~r for 0 hours January 1st '  1891. 
I n  Table I11 opposite 1891 . . 328'00632 
I n  Table V one day's motion for 0 11 140 

po or rr for 0 hours January lst, 1891 = 328'- 11772 

Again :-Required po or .rr for 0 hours January l s t ,  1892. 
Opposite 1892 in Table I11 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 T, 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 mas in llse 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 I. 

The formula in use since 1923 is :- 
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- - 

where T is the  time expressed in terms of a Julian century of 36525 
mean solar days elapsed since midnight a t  Greenwich on Jan. 0 - 1 - 

1900, which is taken as the origin of time. 
The speed of is O0 11 140408031 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 po or ir the  mean longitude of the moon's perigee fo r  
60 hours on Jan. 1, 1923. o 

Absolute term 334.329556 
Motion for 8401 days a t  O3 1 1140408031 

=935O. 905679 or 215 -905679 
550.235235 

or 190 235235 
-37.17 T2-0-045 TS for T =  -23  - .000646 

or ... ... = 190°.234689 
or 190'-2347 as given in the Nautical Almaaac. 

The values from 1921 onwards depend on the new formula above. 
They are shozuft in i talics in table IlI .  - 

The values for Jan.  1 computed by the new formula mere found in  
defect of those pb l i shed  in the old edition of the table after addition - 
of 136 and one day's motion at ' 11404 to convert the latt,er to Jan. 
1 instead of Jan.  0 by :- 

. . . *00159 in 1923 

. . . * 00324 in 1936 

. . . -00608 in 1949 ' 
The tabular values for Jan.  G 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. Almanac, which is 
usually available in time for any particular year's computations. 

88. These tables are to  be employed together ; in using Table V 
wreat care must be taken that  the proper number 

Tnblcs 1V nlld V. a 
of days from January 0 is taken by means of Table 

IV. The motion of 21, or .rr is given for every day from 1 to 366. 
89. This table gives the correction to the value of p, or ir on 

account of clifference of longitude from Greenwich, 
'J'ohlo VI. 

The correction is required only to  three places of 
decimals of adegree, as far  as the tidal computations are concerned, 
and the table is constructed on the principle explained in Table 11. 
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Column 3 shows the  exact correction for the  difference of longitude 
oiven immediately opposite in column I ; and column 2 gives the b 

correction which has to  be used, for all values occurring between the 
lot~git~ldes given in column I .  

Example.--Required correction for p, or rr for  30' 30' E. longitude. 
By table I1 30' = 500 of a degree. 

From Table V1.-30'- 500 lies between 27'0468 and 30'. 700 in 
column 1, and in column 2, opposite the  space between those two 
longitudes is ~ 0 0 9 ,  which is the correction required, and bhe sign is-. 

90. This table mill be found much more convenient than Crelle's 
for the particular multiplications required, and 

Table VII .  
admits of much more rapid computation. The 

three augmenting factors R,, R6, and R, occur so seldom, tha t  i t  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 clecimals have to  be multiplied by the  augmenting factor. The 
use of the table hardly requires explanation, care being taken to put 
clown the decimal point correctly. The values in the  tables are the 
proclucts of the factors by whole numbers. 

91. These tables require no explanation. They give the value of 
S,, S,, a,, ancl S, multiplied by every number 

Tab'es vlllv between 001 and -999  : from which the products X, and X I .  
of these factors with other numbers can be rapidly 

obtained, care being taken about the clecimal point. 
92. This table has been made up in order to  permit of the 

Table XII ,  natural numbers corresponding to  logarithms, with 
indices 6, 7 ,  ancl 8, being t,aken 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  t'hree places of decimals. The table has been made up on the 
same principle as explained in the case of Table 11. 

93. This table gives the values of 1V, (longitude of moon's 
ascending node), for 0 hour January 1, ~ r e e n w i c b  

Table X I I I .  
mean time, for each year from 1850 u p  to 1949. 

Since the year 1921 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 valrles of N given in G. T. Survey 



CHAP. I.] 

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' 31".23 T +  7".48 T2+ ON.008 T3, where T 
is the time expressed in terms of a Julian century of 36525 
mear! solar days elapsed since midnight a t  Greenwich on Jan.  0-1, 1900, 
which is taken as the origin of time. 

The speed of N p e r  mean solar day is 0°.052953922% so that for 
simplicity tlhe first t'mo terms of formula ( 1 )  may be written 
259'. 183275 - O0 05295392220 x No. of days. 

An example of the computation is given below:- 
Required the mean longitude of the Rloon's ascending node for 

0 hours on Jan.  1 l92S. 
Absolute term . . .  . . .  = 259"-183275 
Motion in 8401 days a t  On.0.55?95392220 

= -444'-865899 (or deductring 360') = - 81 865899 
'lr'.48T% 0".008T3 for T a t  .23 - - 0-000110 

: . N  . . .  . . .  .. .  = 174O.317486 
or 174".3175 as given in the Nautical Almanac. 

The tabular values from 1924 onwards depend on the new formula 
above. Th,ey are shozon in  italics in Tab?e ,TIII. The values for January 
1 computed by the new formula mere in escess of those published in the 
old edition of the table by :- 

.................. -0034 in 1923 

.................. -0042 in 1949 
The old values were corrected accordingly by interpolation from 

1924 onwards. 
The values may also be obtaiued 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 ~ubt~racted from the values 

Table XIV. 
miven in Table XIII,  to  obtain AT at any particular h 

date. The mean value of IV to be used in the tidal 
reductions is the value at nlid-year of the observations : and as half e 

year after 0 hour of the first day under analysis falls at midnight, the 
values in Table XIV are coml,ut8etl for each midnight. 

95. This table gives the value of p,,  the solar perigee, for 0 hour 

Tahle XV. January 1, from 1850 to 1949. 
The formula for ply the mean 10ngit~ude of the solar 

perigee. given in the Naut,ical Almanac for 1917 p. 590, ia  derived from 
the formula given in Newcomb's tables. 
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The formula is pl = 281'-13 15"*0  + 6189"-03 T + l t ' -63 
TS + 0 * 0 1 2  TS where T has the  same significance as above. 

The first two terms may be written for simplicity 281°.R20833 + 
0°*00004706845 x Xo. of days. 

An example of computation is given below :- 
R e q u i r e d ~ ,  the  mean longitude of the solar perigee for 0 hrs. 

Jan. 1. 1923. 
. . .  Absolute term . . .  . . . .  281°.1?20833 

Motion for 8401 clays at 0'. 00004706845.. . = .395422 
l " ' 6 3  T2 + Of1.012T3 for T at - 2 3  ... = *000024 

... ... 
a ' .  P1 = 281"-616279 

The tabular values from 1924 onwards clepend on the new formula 
above. They are shozon in italics in Ta6le XV. 

The values for January 1st computed by the new formula Eere in 
exces~l of those published in the  olcl Edition of the table by:- 

. . .  -0055 in 1923 

. . .  -0064 in 1936 

... -0075 in 1949 
The old values were corrected accorclingly by interpolation from 

1924 onwarcls. 
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 aclcled to the quantities 

given in Table XV to obtain the value on certain 
Table XVI 

(lays 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 I, (inclination of the lunar orbit 
to the equator), v, (the r ight  ascension of the inter- 

Teble XVII. 
section of the lunar orbit ancl the equator), and f ,  

(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 v and e change sign with iV. 

The values of I, v and 6, 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 ( I ) ,  (e), &c., and is 

Table XVIII. used for the determination of the factors l/f and f 
required in calculating H from R and vice verrd. 
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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  1V a t  mid-year, and then 
the l/f or f mill be easily calculated by interpolation from the particular 
part of this table. 

99. This table gives the values of v' corresponding to each OO. 1 

Table XIX. of 1. The v' is required in computing the values of 
h, - v' - 3 T, the initial argument for the  tide K1. 

100. This table is similar to  Table XIX, and gives the value - 

of 2v" employed in determining the initial argument, 
Table XX. 

2h,-2v", for the tide K,. 
,ittention should be paid to the notes a t  the foot of these tables. 
101. Harmonic analysis has been discontinued a t  all ports except 

Basra11 on the advice of Dr.  A. T. Doodson and 
Harmonic anaiysis 

,discontinued Prof H. Lamb. Observations were continued a t  
the minor ports for only 5 years or less ; a t  the 

larger ports observations extended over longer periods. A t  the follow- 
ing working ports observations still continue merely for purposes of 
local investigation aacl check on predictions :-Aden, Karachi, Bombay 
(Apollo Bandar and Priuce's Dock), Madras, Calcutta (Kidderpore), 
Rangoon and Moolmein. I11 addition tidal observations are being 
carried out at Basrah wit,h a view to  harmonic analysis. 

102. The result of the harmonic analysis has been the dissection of 
the aggregate tidal mave,and i t  gives the tidal constants for each separate 
constitnellt tide for each port. 

To carry out prediction, i t  is necessary to carry out the synthesis 
of these constituent tides and recompound them in their proper relative 
positions in relat,ion to  the position of the moon aud sun a t  the moment 
chosen, for the commencement of predictioil a t  the port in question, ~ n d  
to obtain the amplitucles and phase augles to be set on the tide-predicting 
machine a t  the comnlencement of the predictions. 

From the harmonic aualyses, the values of K aud H have been 
obtained year by year for each tide for each port, and the mean values 
extracted after a long periocl 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 K and H 
are entered in form 1 7  Tid for each of the separate tides to  be set on 



-- .-. 

CHAP. I.] THE TIDES 

the tidal mwhine for each port. The values of ( P , + u )  and f how- 
ever have now to be det,ermined 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 19H3. 

COMPUTA'rIOXS FOR DATA FOR 1023 TIDE-TABLES. 

Yenr begins 0 hour (noon) 28th December 1922, and is equal t o  365 days. 
Midyear = midnight 26th.29th Jnne 1923. ( In  case of a leap year mid-year 

mould fall a t  noon 28th Jnne.) 

N. (Longitnde of moon's ascending node.) 
Table 13 for 0 hour (noon) 1st Janaary 1923 = 174'-3141 

Table 14 December np to midnight 28th-29th Jnne 1923 = -9.4523 
164.8618 

or 164"869 for Greenwich 

I. (Inclination of the lnnar orbit to  the equator.) 
Table 17 for 166'-5 = 18'.544 and 165".0 = 18O.529 Diff. for 0O.5 = -0O.015 

for Diff. -0363 to -0377 (see various values of N on page 21 1) 
=18O-641- Oo.Oll 
= lS1.583 for dl ports 

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

Table 17 for 164"-5 = 43.323 
andfor166.0  = 5.190 

Diff. for 0.6 = -0.133 

Corrections correspondi~g to differences varying 

from 0.367 to 0.370 = -0.098 v corresponding = 4O.225 
,, 0.371 to 0.374 = -0.099 9 , = 4.224 
,, 0.375 to 0.377 = -0.100 $ 9  = 4.223 

(. (Longitnde in the moon's orbit of the intersection.) 

Table 17 for 164O.6 = P0.040 
,, 165.0 = 3.916 - 

Diff ,, 0 .6  = -0.154 

Corrections corresponding to differences varying 

from 0.367 to 0.368 = - 0 091 (, corresponding = 3' * 949 
,, 0.3'jOto0.372 =-0.002 = 3.94'3 

0.373 to0.377 =-0.093 9 = 3.947 

v for determining (hn - v ' -  t w ) ,  the initial argument for tide K ,  

Table 19 for 1P0.6 = 1".515 
,, 13.6 = 3-049 - 

Diff. .. . 1  = 0.531 and for 0.033 = 0.176 
Hence for 19.533 = 4.691 for nll ports. 

2 V" for determining (2h,-2vU), the initial argnment for tide R 2  

Table 20 for 18'.5 = 4'.518 ., 18.6 = 6.531 
Diff. , 0.1  -- U.98 

0.033--0.324 
Hence for 18O.633 = 4O.872 for all porta. 
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COMPUTATIONS FOR DATA FOR 1923 TIDE-TABLES. 

No. 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
I2 

13 
14 
16 
16 

17 
18 
19 
'LO 

21 
22 
23 
24 

26 
26 
27 
28 

20 
30 
31 
32 

33 
34 
35 
RG 

3'7 
3~ 
39 
40 

2 v" 

+ 

2 
XI 
2 
#. 

S 
hl 
t- 
? 
O* 

Ports 

Suez ... 
Perim ... 
Aden , . . 
Maskat . . . 
Hnshire . . . 
Karachi 
Okha , . . 
Porbandar ... 
Port Albert Ficlor 
Bhavnagar . 
Bombay (A.B) ... 

DO. (Prince's 
Dock) 

Marmagao ... 
Karwar ... 
Heypore ... 
Coch~n . . . 
Tuticorin ... 
Minicoy ... 
Pamban ... 
Galle ... 
Colombo 
l'rincomalee ... 
Negapatam ... 
Madras ... 
Cocunada . . . 
Vizagapatam ... 
k'nlse Point . .. 
Akynb . . . 
Diamond Island ... 
Mergui ... 
Port LIlnir . . . 
Dnblrit . . . 
Diimond Ilnrbour 
Kiddcrporc 
Chittagong ... 
I:nqseiu . . . 
Elephnnt Point .. 
nongoon ... 
Amherfit, . . . 
Jloulmein . . . 

N 

For For 
Grcen- 

- 
+ 

s 
a - 
4 

L 
o w 

Cr)  
rn 
In 
o 

'2 + 

C 

t 

3'. 949 
,I 

3.648 

3.949 
3.948 

, ,  
, I  

I ?  

,, 
I( 

3 

, , 
I, 
I , 
,, 

I I 

3 .647  
,, 

I 9 

, P  

I ,  

,# 

, 1, 

I ?  

B Y  

,, 

98 

, $  

,: 

j 9  

I ,  

,, 
9 

, t 

Long. Port 
1 

+ 

4'. 225 
,, 

4,524 
9 9  

1 1  

, . 
,. 
,, 

I 

, . 
, , 

,I 

* I  

,I 
1 9  

, 
,, 
., 
1 ,  

,I 

,, 

4.i23 

, 

4.224 

9 )  

4.523 
9 , 

, 

vf 

+ 

P 
ia #. 
0 

_a - 
cd 
CI 

8 - 
Q, 
w 
0 
EJ 

i 1 . I  
16i.862 

,, 
, 
,, 

, 
,, 
) , 
9 9  

,, 
, ,  
I I 

9 I 

11 

. P  

,, 
, , 

. ,, 
:: 
,, 

11  

,. 
,, 
93 

I 

1: 
,, 

9 9 

I 

,, 
,, 

,, , 
I s  

,, 
9 )  

, ,  
,, 

7,  I 
; 

+ 

0°.005 
0.006 
0.007 
0.009 

0.00'7 
0.010 

,, 
,I 

0.011 
) *  

, 9  

,, 

,1 

9  I 

,* 
I s  

I, 

0.612 
, 

1 .  

,$ 

, 
9 9  

16i-867 
'868 
'869 
,871 

.869 

.672 
, I 

I $  

,873 
I )  

I I 

, 9 

9 I 

,, 
11 

, 

,, 
1 9  

-874 
,I 

, , 
, 
, , 
I ,  

I .  I :: 
0.E13 
0.014 

0.616 
0.014 
0.013 

,, 

0.G14 

, a  

, 
I, 
,. 

-875 
-876 

'm'877 
.676 
a876 

, 

':876 
, a  

, 
,. 
, 

9 ,  
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COMPUTATIONS FOR DATA FOR 1923 TIDE-TABLES. 

Pl 

Table 15. For 0 hours 1st January 1923 ... = 281°.6108 
Table 16. Inorement t o  0 hours 29th June 1923 = + 0.00838 

281 -61918 
Deduct for 12 hours to bring i t  to midnight 28th-29th 

... June 1923 ... ... - 0-00002 
... For all ports ... ... 231 = 281.61916 or 281°.619 

From Table 111 for Jeny. 0 1923 i . e .  noon Dec. 31,1922 = 189O.98899 
Deduot for 3 days i.6. f isom 0 hrs. 31st Dec. t,o 0 hrs. 

28th Dec. 1922, vide Table V ... = -0.33421 
Hencefor noon 28th December 1922 ... 189.65467 

Add constant vide footnote Table I11 ... +0.136 . 

po or r = 189"-79067 or 18g0- 791 
for Greenwich, 

Constant for Computing P from p0 
P = po + constant - C or values of 6 for various ports 
P = po + 20.660 -3.949 = po + 16.611 for ports from Noe. 1 to 3 and 5. 
P = pO + 20.560 -3.948 = p0 + 16.612 for port No. 4 and for ports from 

Nos. 6 to 18. 
P = p, + 20.660 -3.937 = po + 16.613 for ports from No. 10 to  end. 

I = 18O.633 for all ports. 
) I  = 9".2665 = 9' 15' 69".4 

Log. cot. t I  = 10.78739'70 Log. tan 4 I = 9'21260 
cot. ) I or NN = 6-129 tanz ) I = 8.42520 

cota. + I = 37.664641 
4 cot1. 4 I = 6.2608 

A,, ( d w e o l  time at mean nom) 
hra. mta. eeca. 

Nautical A;emanac for 
28th Dec. 1922 = 18 24 41'12 

hra. mts. 
= 18 24.6868 

hre. 
= 18.4114217 
or 2760.171328 - 276". 171 

for Greenwich 

80 (moon'r mean longitude) 

Nautical Almanac for 
27th Dec. 1922 - 19O.4754 

Dsily Motion for 1 day - + 18.1764 
.'. for noon 28th Dec. 1922 - 32.6618 
Correction p. 698 NA 

-4OU.4- -oO.O1l - 83"~8900 
for Greenwich 



THEORY AND COMPUTATION. 

COMPUTATION FOR DATA FOR 1923 TIDE-TABLES. 

I= 18'.533 for all ports 
From Table 18 (1) f for 18.5 = 1 e03672 

and ,, 0.038= - 0.0001947 

Angmentingfactor f for 1s ,633 = 1'0365253 = 1 -037 

for Mz, N, 225, v, M8, 2SM and JlSf tides 
(1 .0Y7)2 = 1 a075 for RI , .  2NS, and BIN tides 
(1 .037)3 = 1 115 ., M5 tide 
(1 .075)2 :- 1 el56 for M, tide 

FromTable18(3) f f o r  18.5 = 0.81333 

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

A~grnent~ing factorffor18'533= 0 .81465=0.816forOandQtides  
From Table 18 (5) f for 18.5 = 0'83416 

and ,, Oe033= +Om00l28 

Augmentingfactor f for 1 8 . 6 3 3 ~  0'83544 or 0.836 for J. tide 
From Table 19 (8) f for 18.5 = 0'88625 

and ,, 0.033 = + 0.00079 

Augmenting factor f for 16-53:) = 0.88704 or 0-887 for K, tide 

Prom Table 18 (9) f for 18.5 = 0 .  i5462 

and ,, 0.033= +0.00123 

Augmenting factor f for 18.633= 0.75586 or 0.756 for K, tide 
hi,  K ,  = 1.037 x 0-887 =0-919819 or 0.920 for M2 Kl  tide 

2 M, K, 5 M., K,= l .Oi5 x 0.8Sf =OS953525 or 0,954 for 2 M2 K1 tide 

Augmenting factor 
1 

-forM2from Table 18 (1) for 18.6-0.96458 
f 

and ,, 0 - 0 3 3 =  +O.OOO18 
0.!)6476 or 0.965 

for;M2, N, 2N, V, MS, 2SBf. and MSP. tides. 



COMPUTATIONS FOR DATA 

No. 

Suez 
Perim . . . 
Aden . . . 
Muakat 

Name of Port 

Greenwich , 

Bnehire ... 0.139 276.032 1.857 30.784 0-016 
Karachi ... 0.183 275.988 2.451 30.190 0.021 
Okha ... 0-189276~9822.52930.112 ,, 
Porbander . . . 0.191 275.9802-54830.0930.022 

Port Albert Victor 0 '  1961275.975 2.618 30.027 ,, 
Bhavnagar ... 0*1981275.9732.64130-000 
Bombay (A.R) ... 0-1991275.9722.(i6629.9750.52 

Do. (Prince's 0 '  199 275.9i2 2.667 29.974 ,, 
Dock) 

Marmagao ... 0.202 275.969 2.701 29.940 ,, 
Karw~ir ... 0.203 275.966 2.712 29.929 ,, 

... 0.208 276.963 2.774 29.867 ,, 

... 0.209275.962'7.79129~8500.02 

17 I Tutieorin ... (0.214 275.957 2.860 89.781 
18 Minicoy 
19 Pamban 
20 Qslle - 

h o 

Colombo .., 0.2191275.952 2.922 29.719 ,, 
Trincomaloe ... 0.222/215.949 2.972 29 669 ,, 
Negapstam ... 0'2191275.QS2 2.922 29.719 , 
Madrns ... Oa2201275 951 2-939j29.702 ,, 

E.L. 
Corr. 

* 

Coconacla ... 0.225 276 946 3 01029'631 ,, 

Akyab 

I Vizag~patam . .. 0.228 275.943 3.048,29.693 0.026 
False Point ... 10.238 275.934 3.177 29 461 0.027 

... 0.254 2i5.917 :3.40U129.241 0.020 I 

For 
Port - 

276.171 

Diamond Island .. 0.2381275 912 3.451I29~190 ,, 
Jlergni ... 0-270~'"i5.901 3.60929.0320.031 
Port Blair ... 0.2551275.917 :3-305 29.2460.029 
Dnblnt ... 0.241275 9303.22629.4150.027 

*n 

Diamond Harhoor 2 . 2 4  276 930~3.218119.413 ,, 
Kidderpore ... 0.242 275.929 3.233,29.408 ,, 
Chittagong ... 0.251 275.920 3.361129.2RO OaOY8 
Bessein ... 0.260 275.91 1 3 469,20.175 0 029 

I 

E.L. 
Corr. 

* 

Po P 

Elephant Point ... 0.264 275.907 3.625129.116 0.03 
Rangoon ... 0.263 275.908 3.620 29- 121 ,, 
Amheret ... 0.267 275.904 3.571 29.050 ,, 
Bloulmein ... 0.267 276.904 3.573 23.OGR ,, 

I 

2 P For 
Port 
- 
32.641 

E.L. 
Corr. tant 

- I )  

I 
, 

I 

For 
Port - 

189.791 

P 
= 

(pO+ 
const 
- 0 



CHAP. I.] THEORY AND COMPUTATION 

FOB 1923 TIDE TABLES. 

Log 
Tan R. 
- - 

(2) +(7) 

+ 

9.14860 
9.14867 
9 34855 
9.14852 

9.14853 
9.14848 

9 - i i a 4 7  

I I 

9 - i ksas  
1 I 

, I  

9 ~ i 4 8 4 5  

9.ihs4ci 
9.14845 

9 I 

I I 

I 

>I 

9 I 

9 . i i s s s  
9.14843 
9.14840 

g - i k 8 3 ~  
9.14840 
9.14843 

9 I 

n . i i s42  
9.14840 

9.14839 
I I 

I I 

I) 

2 P 
(1) 

65 4; c.4 
46 40.8 
46 33.6 
46 12.0 

46 19.2 
45 60.4 

451' 43.2 

I I 

45 36.0 
I 1  

11 

II 

4; 28.6 

4;' 36.0 
45 28.8 

I 1  

I* 

9 ,  

11 

4;' 21.6 
45 14.4 
43 0.0 

4; 45.8 
46 0 .0  
45 14.4 

I I 

4; 7.2 
45 0.0 

44 52.8 
1 9  

I1 

9 1  

Log sin 
2 P  
(2) 

4- 

9.90108 
3.90106 
9.90103 

9.90099 

3 I 

g09;jo9;1 
P I  

1 I 

9 1  

g.ibog7'9.7iile7 

I I 

11 

9 

9 1 

I I 

9- ibo95 
9.900949 
9.90091 

9.db089 
9.90091 
9.900949.78193 

I 7  

c1.dbo93 
9.90091 

9.000909.78199 
I I 

9 I 

I1 

Log cos 
2 P  
(3) 

+ 

9.901119-78163 
9.78169 
9.78171 
9.78177 

9-901049.78175 
9.78183 

3-960989.7i18~i 

1 ' 

gn7i187 
1 I 

1 9  

I I 

9.i60969.714189 

9.900969.78189 
II 

I, 

I I 

9 I 

I I 

9-7;1191 
78193 

9.78197 

9.7i201 
9.78197 

I I 

9.7g195 
9.78197 

I, 

1 I 

I1  

R 

Cos 
2P 
or 

N.N. 
(4) 

+ 

m 

H - 
2 
k 
0 

0 

80 6 52/(24 
8 0 50.28 
8 0 48-97 
8 0 47-00 

6 0 47-65 
8 0 44.38 

8 0 ~ ~ 4 3 . 7 2  

1 9  

s 0 ~ ~ 4 3 . 0 ' 1  
1 I 

I1  

I* 

8 o"42.41 

s o"43.07 
8 0 42.41 

I I 

1 I 

9 I 

1, 

9 I 

s 0 ~ ~ 4 1 . 7 6  
3 0 41.10 
8 0 39.13 

8 o"37.82 
8 0 39.13 
8 0 41.10 

I. 

8 o"40.44 
8 0 39.13 

8 0 38.48 
II 

11 

I, 

Cologof 
(6) 

+ 

m 
- 4 2  k 
0 
a 

3 
2 
.u 

Q, 
-d' 
t? 

34 
Q, 

4 

CotP 
'I 

( 5 )  

+ 

- 3 2  

- 
2 
k 
0 

- w c C l  

m - C D  

s g s  
CD 

+ + +  

8.015 
6.014 

8.G13 

8.512 

:: 
I I 

9 5  

,, 
11 

11 

I 1  

:: 
:: 
,, 
1 I 

9 )  

11 

1 I 

11 

8.;11 
,, 

:: 
,, 
,, 

.I 

:: 
,, 
I 0  

11 

1,  

(5)- 
(4) - 
(6) 

+ 

m 

o, - 
z 
k 
0 

ua 



CHAP. I.] THB TIDEB 





COMPUTATION OF DATA 

W 

" 2  
g2 
-- 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

2 1 
22 
23 
24 

25 
26 
27 
28 

29 
30 
3 1 
32 

33 
34 
35 
36 

37 
38 
39 
40 

-+ r o r  
ho - V' + a70'.000 

276'-082- 20°691 + 270°.000 
.052 9 ,  , 9 ,  

-048 ,, 9 ,  

*011 ,, ,, 

-032 ,, P, 

275.988 ,, 1 9  

.982 ,, ,, 

.980, ,, 7, 

-97;; ,, , I  

,973 ,, , 9 

0972 ,, 1 ,  

-972 ,, I , 
-969 ,, > I  

'968 ,, 9 ,  

'968 ,, ~7 

-962 ,, 9 8  

.957 ,, 1 9  

.971 P 9 I 

-954 ,, ,. 
-951 ,, 1 ,  

-952 ,, 91 

-949 ,, P P 

-952 ,, I v 

-961 ,, I 1 

-946 ,, 9 ,  

-943 ,, 9 9 

~ 9 3 3  ,, 9 ,  

-917 ,, I ,  

-913 ,, 7 9  

'901 ,, 9 I 

a917 ,, 9 ,  

'930 ,, ,, 

-930 ,, 1.  

-929 ,, Y e  

-920 ,, 1 9  

-911 ,, 9 ,  

.so7 ,, 9 ,  

-908 ,, 1, 

-904 9 ,  ~9 

-904 ,, . . 

a ( v o + u )  
for 
K2 

187'-292 
232 

,224 
.150 

192 
104 

-092 
088 

-078 
so74 
so72 
,072 

066 
064 

B 054 
052 

* 042 
070 
036 

a030 

-032 
.026 
so32 
.030 

-020 
so14 

186.994 - 962 

954 
-930 
-962 
-988 

988 
986 

,968 
-950 

-942 . 
944 

-936 
~ 9 3 6  

L 

- ( ? ; + U )  
for 
K l  

183"391 
-361 
-357 
-320 

-341 
.297 
-291 
289 

-284 
,282 
.281 
.281 

-278 
.277 
272 

-271 

* 266 
280 
263 

-260 

-261 
-258 
-261 
-260 

- 255 
-252 
242 

-226 

.222 
-210 
• 226 
,239 

-239 
-238 
-229 
-220 

-916 
'217 
e213 
-213 

1 

2ho -2vU 

192'. 164- 4' 872 
,104 ,, 
,096 ,, 
.022 ,, 
'064 ,, 

191.976 ' ,, 
-964 ,, 
,960 ,, 

'950 ' ,, 
'946 ,, 
.944 ,, 
-944 ,, 
'938 ,, 
'936 ,, 
'926 ,, 
,924 ,, 

-914 ,, 
-942 ' ,, 
~ 9 0 8  ,, 
a902 ,, 

,904 ,, 
- 8 9 8  ,, 

-904 ,, 
-902 ,, 

,892 ,, 
-886 ,, 
-866 ,, 
,834 ,, 

' a 8 2 6  ,, 
-802 ,, 
-835 ,, 
,860 ,, 

-860 ,, 
-858 ' ,, 
a840 ,, 
.822 ,, 

-814 ' ,, 
a816 ,, 
,808 ,, 
. R O  ,, 



CHAP. I.] THEOBY CLND COMPUTATION 

FOR 1923 TIDE TABLES. 

4 r or 
(h,  - V) - 2.(u0 - [) + YOa'000 

or Mf 

2710,857 - 5jo.002 + 96 000 
-827 -54.206 11 

-823 -54'090 19 

-786 -53'096 19 

-807 -53.670 9 I 

a764 -52.484 I t  

,758 a 328 1 9  

,756 ,290 I )  

-751 - 150 11  

749 -104 I ,  

,748 , , -054 9 1  

~748 -052 9 1  

.745 k61.984 ,, 

.744 , -962 91 , 
,739 , -838 . ,, 
~738 1 -804 9 t 

-733 .666 P I 

-747 -62.036 1 9  

.730 -51.590 9 s  

-727 ~516 P I  

-728 . 644 9 1  

-725 ,444 9, 

a728 ,544 9 B 

-727 ,510 ,, 

- 7 2 2  -368 I t  

-719 292 19 

709 .034 1, 

.694 -60.588 9 9  

.690 .486 7 ,  

-678 170 9 ,  

694 ,698 t I 

-706 ,936 , I  

706 ~932 3 1  . 705 e922 3 1  

697 ~ 6 6 6  1 9  

'638 450 9 Y 

. 684 ,338 1, 

.6R5 ,348 11 

-681 246 9 ,  

-631 -242 9, 

= ( vo + U) 
for 0 

3060.855 
307.621 

,733 
308 . 690 

137 
309.283 

-430 
-466  

-601 
645 
-694 - 696 ' 
,761 
-782 
,901 
-934 

31b.067 
309 709 
310'140 

'211 

184 
0281 
184 
,217 

,354 
427 
676 

311 -106 

- 264 
~508 
,096 

310.770 

'774 
783 

311'031 
238 

-346 
,337 
'435 
-439 

Jr or 
- 1, + 90°000 

8$018 + 9;-000 
.048 ,, 
,952 ,, 
,989 ,, 

.968 ,, 
84.012 ,, 
.018 ,, 
-020 ,, 

-025 ,, 
.027 ,, 
,028 ,, 
-028 ,, 

'031 ,, 
-032 ,, 
-037 ,, 
-038 ,, 

'043 ,, 
'029 ,, 
-046 ,, 
,049 ,, 

'048 ,, 
a061 ,, 
,048 ,, 
-049 ,, 

,054 ,, 
-057 ,, 
0067 ,, 
-083 ,, 

-087 ,, 
-099 ,, 
-083 ,, 
-070 ,, 

0'70 #, 

-071 ,, 
-080 ,, 
-089 ,, 

-093 ,, 
-092 ,, 
.096 ,, 
,096 ,, 

=(p0+u) 
for P 

173:918 
948 
952 
-989 

'966 
174*012 

-018 
-020 

-025 
-067 
-028 
-028 

.031 
032 
-037 
,038 

-043 
.I129 
-046 
.049 

.048 
-051 
'048 
,049 

,054 
.057 
* 067 
,083 

087 
-099 
so83 
070 

070 
-071 
080 
089 

093 
-09% 
096 
096 



- - - . - - -. 

CHAP. I.] TBB T r ~ s a  

COMPUTATION FOR DATA F O B  1923 T I D E  TABLES. 

(V,+u)forO- 
(90 - P‘) 

3&.865 - 2010.669 
307.621 -274 - 733 - 217 
308,690 - 200 723 

-137-201.009 
309 280 - 200.420 

410 -342 
466 324 

~ 6 0 1  '254 
,645 -231 
-694 -207 
-696 .206 

-761 ,172 
- 782 .161 
,901 -099 
934 083 

3l0.067 -014 
309.708 -189 
310.140-199'976 

.211 ~ 9 3 0  

184 -953 
-281 .903 
.I84 -953 
.217 936 

354 866 
.427 ~ 8 2 3  
675 -7110 

311-106 -479 

.204 -428 

.608 ~ 2 7 2  

.096 -484 
310.770 -651 

.774 ~ 6 4 9  
-783 644 

311-031 ~517 
.238 -410 

. 3 M  - 365 

.337 360 

.435 .R09 
-489 307 

=(P,+u) 
for J 

2;. 526 
-101 
-04-0 

22.509 

-816 
184 

-103 
-080 

-005 
21.980 

~ 9 5 5  
-954 

.917 
905 

-838 
-821 

-747 
-946 
-706 
,666 

.681 

.628 

.681 

.6ti3 

-587 
-547 
. PO9 
-173 

-118 
20.950 
21'178 

-357 

.356 
349 

a214 
-098 

-039 
-045 

20.990 - 988 

2 
0 a 
LY o 
d 
2 

1 
2 
3 
4 

6 
6 
7 
S 

9 
10 
11 
12 

13 
14 
16 
16 

17 
18 
19 
20 

2 1 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

33 
84 
35 
36 

37 
38 
99 
40 

=(V,,+u) 
for Q 

10;- 186 
106'347 

-516 
107.967 

128 
, 108.860 

109.088 
142 

'347 
-414 
- 487 
490 

-689 
-621 
802 

- 861 

110-053 
109.510 
119.164 

-272 

~ 2 3 1  
-378 
-231 
-281 

' 489 
' 599 
-975 

111.627 

.7t8 
112.236 
111.612 

.I19 

.I26 

.I39 
-514 
,829 

-991 
977 

112.126 
-232 

) w or 
( h O - ~ ) + ( ~ ~ - p ~ ) - 2 7 0 . 0 0 0 )  

or Mm 

m i  857 + 20;- 669 + 270~000 
-827 -274 + ,, 
,823 '217 + ,, 
-786 +200.723 + ,, 

-807 +201.GO9 + ,, 
-764 +200.420 + ,, 
-758 ,343 + ,, 
- 756 ,324 + ,, 
.751 -264 + ,, 
.749 -231 + ,, 
748 -207 + ,, 

-748 .206 + ,, 
- 745 -172 + ,, 
-744 -161 + ,, 
-739 -099 + ,, 
.738 -088 + ,, 

.733 -014 + ,, 
747 -199 + ,, 

-730 +199.976 + ,, 
747 '939 + ,, 

-726 -95.3 + ,, 
~726 -903 + ,, 
-728 -968 + ,, 
-727 -936 + ,, 

-79a -866 + ,, 
-719 -028 + ,, 
-709 ~ 7 0 0  + ,, 
-6941 -479 + ,, 

-690 -428 + ,, 
678 -272 + ,, 
694 .484 + ,, 

-706 .661 + ,, 

-706 .C19 + ,, 
. 705 -644 + ,, 
-697 -517 + ,, 
-68d .410 + ,, 

.68J -365 + ,, 
- 886 .380 + ,, 
.681 ~ 3 0 8  + ,, 
.691 -307 + ,, 



C ~ A P .  I.] THEOBY AND COMPUTATION 

COMPUTATION O F  DATA FOR 1923 TIDE-TABLES. 

, 

G 
b 
0 

PC 
W 
0 

i 
1 
2 
3 
4 

6 
6 
7 
8 

9 
lo  
I 1  
1 2  

13 
14 
15 
16 

17 
18 
19 
20 

2 1 
22 
23 
2 4 

26 
26 
27 
28 

29 
30 
81 
32 

33 

=(VO+u) 
for L 

146.366 
142.708 
142.759 
143.186 

142'940 
143.452 

,518 
'634 

'694 
.613 
,637 
' 638 

-666 
.676 
-727 
743 

802 
,643 
-834 
865 

a53 
-897 
'853 
a 868 

,929 
.962 

1M.073 
,268 

-31 1 
' 4 7  
-263 

1-116 .$ 
0) 

( ~ 7 0 + ~ ) f ~ r M ~ + ( s 0 - p O ) + ~ - R  

12;-712 +20Ia669+ 18b.000+36;.985 
129.448 -274 ,, .986 

-556 -217 ,, ,986 
130.476 + 200.723 ,, ~ 9 8 7  

129.944+201.009 ,, 
131.046+200-420 ,, -dkl 

-188 -342 ,, 91 

,222 -324 ,, 9 I 

~352  -254 ,, 9 1 

394 ,231 ,, 1 I 

-442 -207 ,, 9 )  

a 444 -206 ,, 9 ,  

~ 5 0 6  -172 ,, J I 

626 -161 ,, J I 

,640 -099 ,, J, 
,672 -083 ,, 1) 

-800 '014 ,, I w 

-456 -199 ,, II 

.870+199.976 ,, It 

-938 -939 ,, 9 9  

,912 ,253 ,, I t  

132.006 -903 ,, 11 

131.912 -953 ,, 91 

-944, -936 ,, II 

132.076 -865 ,, 19 

-146 -828 ,, 
-384 -700 ,, &9 
800 -479 ,, PI 

-894 -428 ,, 9 9 

133.186 -272 ,, I I 

132.790 '484 ,, PI  

476 .651 !, 

480 
' 488 

,831 

.728 
- 844 

-926 -516 

133.030 
-022 
-116 ' 807 
'120 '307 -813 

34 
36 
36 

37 
38 
39 
40 

(VO+u)forMr 
- ($0 -PO) 

' 480 ,649 ,, 
' 4R8 -644 ,, 
728 -617 ,, 

-926 '410 ,, 

133.030 -366 ,, ,874 
*022 .360 ,, 

1, 
-116 -309 ,, ,, & ?  -414 
* 120 -307 ,, I) "2 , -dl6 

=(?'o+u) 
for N 

- 
12k.712-20i-669 
129.448 274 

-656 217 
150.476-200-723 

129.94A-201.009 
131.044-~cO 420 

' 188 • 342 
222 ,324 

-362 ' 264 
-394 .231 
*442 207 
'444 ,206 

606 -172 
-636 -161 
-640 .099 
.672 .083 

.SO0 -014 

. 456 ' 199 
8 7 0  - 109 976 
-938 .939 

-912 953 
132.006 ' 903 
131.912 953 

-944 ,996 

132 076 . 866 
.I46 828 
.384 700 
' 800 ,479 

-894 ,428 
133.186 272 
l32-:90 

28f. 043 
288 174 

• 339 
289 753 

288.936 
290 624 

,846 
.898 

291 -098 
-163 
236 

~238  

' 334 
-366 
.541 
689 

.786 
267 

-894 
-999 

.959 
292.103 
291.959 
292.008 

-211 
-318 
-684 

293 ~ 3 2 1  

-466 
.914 

.456 



CHAP. I.] THE TIDES 

COMPUTATION OF DATA 

(Vo+u) for 
a SY $ 

k 

0 

i 
- 

-(Vo+u) 
for Ma 

(PO+ U) for Ma+(ro-pol +2 &-2 ro 
(Vo+u) 
for T - 

-(G-*d 
= ( v o + u )  

for V 

(VO+u) for N- 
(ao-~d 
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FOR 1983 TIDE-TABLES. 

=(Vo+u) for 
a N  

86.374 
86,900 

87.122 
89 -030 

87,826 

90.204 

504 
a574 

-844 
-932 

91.028 
032 

-162 
,201 
-492 

a506 

-772 
.058 
~918 

92-060 

- OOG 
-200 
.COG 

-072 
a 346 

~490 
a984 

93.8&2 
94.038 
-642 

03 a 822 
-174 
.1b2 
.200 
.601 

94.106 

.S20 
-302 
.I08 
-506 

(Vo+u) for M,+ 
(V,+uj for N 

128.712 +287.043 
129.448+268.174 

. 5 ~  ,339 

130.476 +289.753 
129.944+288-933 

131.044+290-624 
a188 -646 

-222 -898 

.352+291.098 
-394 -163 

~442 ,235 
-444 -238 
~506 ~334 
-526 -365 
~640 -641 

,672 .5E9 
.coo -786 

~4.56 -267 

,870 e694 
~938 ,999 

-912 ,950 
132.006 + 292 * 103 
131.912+291 a959 

-944 + 292 .OU8 
132.076 -211 

146 e310 
,385 ,694 

.800+ 293.321 
-894 ,466 

133.186 -914 

192.790 ,300 
-476 +202.895 
~480 ~831 
~488 -044 

*728+283.211 

,026 ,510 
133.030 ,675 

.02a -662 
-110 -007 
-120 ,813 

=(V,+u) 
for MN, or 

M2N 

55,755 
57 022 
.e95 

60.229 

68,870 

61.668 

62.034 
.I20 - 450 
,557 

I 

-677 
.682 
-840 

a891 
63.181 

~261 
-586 

62.713 

63.704 
.937 

-8il 
64.109 

83.871 
-052 

65,287 

.464 
65.C68 
66.121 
-360 

67.100 

68 - 056 
65.301 
-311 
-332 

-938 

96.442 
.705 
,684 
-929 
-033 

(V,+u) for M,+ 
(Vo+rc) for K, 

128.712 +183.391 
129.448 -381 

,566 ,367 

130.476 -320 

120.944 -341 

131.044 -297 

-188 -291 
,222 ,289 
-352 -284 
.399 ~282 

-442 -2.81 

-449 -281 
,606 -278 
,526 .277 
.I340 ,272 

-672 -271 
.a00 ~266 

a456 -280 
-870 ~263 
,930 -260 

-912 -261 
132.006 .25Y 
131.012 -261 

-914 -260 
132.076 ~255 

~146 .252 
.381 -24'2 
-800 ~220 
.804 -222 

133.186 a210 

132.790 -226 
~476 -239 
,480 .239 
-488 .238 
~728 ,229 

,826 ,220 

133.030 -218 
.022 ,217 
-116 ,213 
-120 ~213 

=(T,,+u) for 
DIK,or MIKl 

312.109 
,809 
-913 

313.796 
-285 

314.341 
-479 
-511 

-636 

-676 

-723 

-725 
-784 
-803 

,912 

-943 

315.066 
314.736 

315.133 
a 198 

-173 
-264 

-173 
-204 
~331 

e398 
,626 

316.028 
el16 

,396 

-010 

315.716 
,719 
-726 
~957 

316.140 

a246 
,239 
,328 
933 
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CO&IPUTATION OF DATUM BELOW MEAN SEA LEVEL FOR 1823 TIDE TABLES. 

A 

Mean of A. up to 1st Jenuery 1918 
above zero of gauge 

1. Aden . ,  

2. Karachi ... 
3. Bombay (Apollo Bandar) . .c 

4. ,, (Prince'sIDock) ... 
5. Madras 

6. Kidderpore 

7. Rangoon ... 
8 .  Monlmein ... 
9. Port Blair ... 

Datum above or 
below zero of gauge. 

1,600 above 

2.000 ,, 
2.000 ,, 

14.000 below 

0,350 above 

0'000 identical 

0.000 identical 

2.660 above 

1.160 above 

0 '  

% %  273; 
E ,n-?a 0 
5 .s H '5 

0 k 

k &.;$ 2 %  a h a  
,Fr a- 

6-SS6 

7.209 

10'230 

8.244 

2.283 

10.717 

10.248 

8.492 

4.754 

Datum 
below 
M, S. L. 

4.246 

4.209 

8.230 

22.244 

1.933 

10.717 

10.248 

5.832 

6 -584 
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104. From these computations the values of ( V, s I L )  and f 
obtained are entered in form 1 7  Tid, and hence, by subtracting (Po + u) 
from K already entered, r 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 I1 AND Z FOR 0 HOURS 28th DECENBER 1922. DATA FOR 1023 

TIDE-TABLES FOR KARACHI. 

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

Tides 

M2 

M a  
bJ 6 

9 I 
8.1 
I< 1 

K 3 
0 
N 
v 

2q(SSA) 
T 
P 
J 
Q 
L 
Cc 

A18 
2SN 

71 (SA) 
%N 
M, N 
BI, K I  

2Ma K1 

required on the tidepredicting machine for height only, 
Computation of Form 

1  id Pred. or for height and time combined, is computed a0 
shown in the sample of the form given on p 86. 

f K 

29:. 76 
9 .l ' .5 5 

204.97 
17.;'50 
32.3  ' 1 3 
46.19 

,318.7j 
46.77 

277.87 
179.54 
1 ~ 2 . 4  I 

184 a96 
44'57 
' j2.97 
48.79 

296.56 
26; -89 
.318.66 
112.33.  

71.60 
145 '05 
a . 3 ~ .  16 

56-50 
79'41 

z-  
K - ( vo + U )  

O 

162.72 
197'46 
I 71  '84 
175'50 
32.1' 1 .1 
222.89 
1.31 '65 
97 '49  

347' 2.; 
1 7 6 . 4 8  
,320.4.4 
279'.3.3 
2,30..56 
40' i 9  

199'9.3 
' 5 . 4 '  1 1  

.; .80 
187.62 
243'37 
r.;.jS61 
154'85 
I io .49  
1 2 2 . 1 6  

0.62 

R =  
EI x f  + 

O 

1.31-04 
262 09 
3 3 ' 1 3 
0.00 

0.00 

18.3 - 3 0  
187.10 
309. 28 
290.62 
10.3.06 
191 '98 

5 '6.3 
174.01 

21.18 
108.86 
14.1'45 
262.00 
1 .Z 1 . 0 4  
228.96 
2i5 .99 
90.20 
O r  .67 

3 '4 '34 
78 79 

H 

feet 
2'564 
0 . ~ 2 6  
0.047 
0.088 
0 '959 
I ,308 
0.268 
0.660 
0.614 
0 '  143 
0.150 
0.080 
0 ' 395 
0.080 
o . 1 4 1  
0.080 
o 065 
0'0.34 
o - o r 9  
0 144 
0'092 
0 '049  
0'043 
0'010 

feet 
1'0.37 
I '075 
1.115 
I ' 000 

I . 000 

0.8,; j 
0 . 7 j G  
0.81 j 
1.03; 
1 '0.37 
I -000 

I a 000 

I ' 000 

0.8.15 
0 .815 
0 '93 '  
I -0j.j 

1 '0.3; 
I"3.37 
I ' 000 

1'0.37 
1 .075 
0 '  920 
0 '954  

feet 
2 '659 
0.028 
0 . 0 j Z  

0.088 
0.959 
1 .160 
o ' 20.3 

0.538 
0.637 
o .  148 
o'r . ;o 
o.080 
0.39.; 
o'Oi,3 
0 .115  
0.074 
O . O ~ O  

0.0.3: 
0 ' 0 2 0  

0.144 
0.095 
0'05.1 
0.040 

O ~ O I ~  
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106. The scale for the  port is entered from table XXI a t  the end 
sf Chapter I. The scale 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. S, is the correction applied to  the S,disl 
pointer on the machine, t o  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, bymeans 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 i t  completes two 
re~olut~ions in one day's movement, and i t  is thus sufficiently rapid to 
obtain a good time check, while admitting of the machine being under 
proper control, so as to stop i t  a t  any desired moment. 

The entries for (360 - 5 )  or Z are obtained from the data in 
form 17 Tid. for each tide. 

A Z  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 X X I I ,  which shows 
their motion up t,o 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 + A Z )  gives r. 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,, R3. 

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 1% .7, again gives the value R1 
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 R3, 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 
eet by the dial pointers. 
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The sums of the upper and lower series for RM cos 5 having been 
obtained ; their difference a,, divided by 1%- 7, gives It,, the check for 
height of pen, to be verified on the machine after the curve has been 
run for 369 days. 

107. The form 12 Tid. Pred. is intended for use when the settings 
on the tide-predicting machine are required, for 

Cornputatio~ of 
form 2 Tid, Pred. pulSposes of prediction of times of high ancl low 

water only, by the Chronograph method. 
The form mill always be computed after the form 1 Tid. Pred., 

for height only, has been completed, ancl advar~t,age has been taken 
in the airangement of the computation to  utilise the results already 
obtained 011 form 1 Tid. Pred., whenever the entries required are 
i,he same. 





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

Tlie entries for (360'-5) + 90" or 5, are obtained from form 1 Tid. 

Pred. by adcliug 90' to the values O F  Z, or from the data  given in 
1 7  Ticl. 

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

The hefght of the tide a t  any moment is the sum of a number of 
simple tides s u c l ~  as K M  cos ( ~ t t  - c) so tha t  

h = 2 R&I COS (711 - c). 
High or low water occurs when this is a maximum or minimum, 

dn i. e. when - = o or 2 RMn cos (nt - c+ 90') = o. 
dt 

Hence if the machine is set with amplitude RMfz and phase angle 
c+  90" i t  mill draw a curve which will cu t  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 to bring 
them within convenient ranges for the machine). 

The  form 2 Tid. Pred. closely resembles 1 Ticl. Pred. 
(t' + 90") or ([', 

is the phase angle as  altered after having completed 869 days move- 
ment and is obtained from the form L Tid. Pred. by adding 90' to  the 
value of in form I Ticl Pred. It is also directly obtainable from form 
17 Tid. and table XXII being the value of [360° - c+ 90'4- c l~ange of 
movement in 369 days]. 

RMT is obtained from the R M  of form 1 Tid. Pred. by multildy- 
ing RIM by the factor T. 

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

Tlie checks to the pen height R,, R,, R, are obtained in a similar 
manner to  those in form 1 Ticl. Pred., except that there is no dollblc 
check on the value of R,. 



CHAP. I.] TEEOEY AND COMPUTATION 

109. The tide-predicting machine, combining some 24 tidal com- 
ponents, gives accurate results for open coast stations. B u t  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 n~achine do not suffice 
to represent, with the accuracy desired, the actual tidal curse. I n  addi- 
tion to the above, the tides are greatly affected by freshets in the rivers, 
which alter t,he normal times of high and low water very considerably 
during several months of the year. 

I n  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 12 to  1 4  clays, for reasons explained in para 112a 

The computation is carried out on form 3 Tid. Yred, 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 
O-MJ,, J, Q, P, M,I<,, S,, K,, and 0 oaly*. 

110. An explanation of the principles on which corrections to  the 
times of high ancl lorn-water, found for semi-diurnal tides, are applied 
from the chart of the diurnal t,ide is given in the following note by 
Dr. J. de Graaff H~znter ,  34. A, ,  Sc. D., F. Inst,. P. 

Although the semi-diurnal tide is compouncled of a number of 
simple t'ides of periods sliglltly differing, yet the semi-diurnal tide of one 
clay may be representecl tolerably well by 

A, cos (3O0,f; h )  
where A, varies slowly from day to  day, but  may be considered constant 
for one day. 
A, is the number of solar ]lours measured from last maximum of semi- 
diurnal tide. 
,f, is a factor, nearly unity,  which is the ratio of the average speed of 
semi-diurnal titles to 30' p. 11. 

In a similar way 
A, cos ( 1 5 O  f, A+a,) 

may be supposed to leepresent the diurnal tide for the day under consi- 
deration. 

* Mr. Brookca of the Nat iond  IJhysicul Laboratory, Tcddington, Euglnnd used 
only 0 components vi5 :-S,, I<,, 0, J, Y, Q, as these gave a less complex curve. 
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b 

The problem is to  find horn far  the maximum of the  combined tide 
A, cos (30°f ,  h)  + A, cos (15Of, h+a,) is delayed after t ha t  of the tide 
A ,  cos (30°f ,  h ) .  

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

Now the maximum required occurs mhen :- 
A, sin (3O0f2 h) 30f2 + A, sin (15Of, h  4. a,)  15f1 = 0 

or, dividing by 15, mhen :- 
2f2 A, sin (30°f2,h) i f i h l  sin (15"fih + a,)  = 0. 

I f  we consider the above equation the solution sought is a small 
value of JL since A, is small compared with A, and the maximum occurs 
when h 1 0  if A, vanishes. 

Now as h is small the above equation may be written approximately 
2f2A, (2Rj2h) +f ,A,  sin a, t flAl cos a ,  (Rf,h) = 0 

where R is the raclian measure of 15". 
The equation reduces to  

R (4f?A2 + f12A1 cos a l )  h + flAl sin a,  = 0 
Now R, the radian measure of lSC= ,262 approximately, and so 

f lA,  sin al A!= - 
262 (4j','B, +,h2,4 cos a,) 

Now f,,.f, are both slightly less than unity in proportion something 
like +g, and further f12A, cos a, is small comparecl with 4 fCA,, so that  
we can write :- 

h= - A, sin a, fi , expressed in hours of time. 
A, 

Now A, sin a, is the value of the height of the cliurnal tide for 
16' #;h= 90') or I& = ti 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). 

Chapler I, Page 95, liner 2, 3 8 5- 

Read PO' for PN. 

Geod. Br. P.0.-20.7-27-300. 

1 1  1. 111e auuvt!  meznuu  u r  ueuucing cne: r ; l rnt!  currecuurls llas 

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 Aeighfs, expressed in 
hundredths of a foot, by 5, when the resulting quotient represented 
minutes of time, as this older method had no theoretical justification. 
(Vide G. T. S. Vol. XVI p. 341 Par t  1.) 

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

The method of reductim now employed is, as already stated, to  refer 
the observed times and heights of low-waters, extending over a consider- 
able peliod, to the apparent times of  transit,^ 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 K,  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 K 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 S,-K for M2 
Thus if me take the value of 

24- 38 
for  the port required we obtain values varying from 21" to 37'' for L 
waters and 27'' to 40h for H waters and on the average about 14 days 
for the approximate interval after moon's transit to which the 
predictions have to  be referred. 

NOTE :-The method of precliction for Riverain Ports is thus based on the assnmp- 
tion t h ~ t  the dil~rnal ineqnality i~ ~ma11. In the cese of B a s r ~ h  i t  is a t  times quite 
large. This mny account pal.t,ially for the errors which occur in the predicted times 
a t  t,his port. The period of tidal observations a t  Bnurah however has been too short for 
satisfactory results to be obtained, on which a definite opinion can be prononnccd. 
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I n  the figure 
-A, sin a,= PN, 
P N  

(1) H water I is delayed by - hours == 
PN 

A 0  range of semi diurnal tide 
QM QM 

(2) L water I1 is advanced by A,O, - hollrs - - 4 range of semi diurnal tide 

I n  both these cases P N  and QM are positive, being above the mean 
sea level line. I f  they fall below, i t  indicates tha t  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 Aeighfs, expressed in 
hundredths of a foot, by 5, when the resulting quotient represented 
minutes of time, as this older method had no theoretical justification. 
(Vide G. T. S. Vol. XVI p. 341 Par t  1.) 

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

The method of reducti2n now employed is, as already stated, to  refer 
the observed times and heights of low-waters, ex tending over a consider- 
able peliod, 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 determinecl from the values of K ,  cleduced froin the 
harmonic analysis of the two chief ticles of the port in question or of 
those of an adjacent port. The difference between the values of tc of 
the mean lunar semi-diurnal tide and that  of the mean solar semi-cliur- 
nal ticle, divicled by twice the moon's mean daily synoclic motion, will 
give the mean value of the retardation of the times of high or low-water 
after the moon's transit. 

K for SL! - K  for 14, Thus if me take the value of 
24-35  

for the port required we obtain values varying from 21" to 31" for L 
waters and 27'1 to 40" for H waters and on the  average about 14 clays 
for the approximate interval after moon's transit to which the 
predictions have to  be referred. 

N o T E : - T ~ ~  method of preciiati(,n for Riverain Ports is thus based on the assump- 
tion thnt the dirlrnal i ~ e q n s l i t , ~  is fimaI1. In the  case of Basra11 it is a t  times quite 
large. This may account partially for the  errors which occur in  the  predicted times 
a t  thie Port. The period of tidal a t  Basrah however has been too short for 
aatiefactory results to  be obtained, on which a definite opinion can be prononnced. 



CHAP. I.] THE TIDES 
- 

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. 

114. Having determined the best transit  t o  which the  times and 
heights are to  be referrecl, as  above, i t  is possible, by  comparisons 
of previous moon's transits ancl times and heights corresponding, to 
obtain monthly means of the approximate intervals between moon's 
transits ancl the times of H & L water, as well as for the  values of heights 
of H ancl L water corresponding to  moon's transits, by  grouping the 
results into 1 2  groups, i.e.:-those occurring between O h  On' and 11' Om, 
or 12" 0"' and 13h On1, into one group;  those between lh  On] and 
2 ' )  On', or 13'' Onl and 14'1 0111, into a seconcl group ; and similarly for 
each of the  twelve hours, and then taking out  the  required means. 
r i  1 hese means give the average times and heights of H and L water for 
values of the moon's transit  about 0') 30m, lh 30n1, 2h 30n', etc. If 
t,lle means of the  moon's transits do not equal 30m exactly, they are 
made to clo so, the  times ancl heigllts dependent on them being corrected 
accordingly. Having now the  values for each hour of moon's transit, 
viz. at UI1 3On1, I h  80"') etc.; the int,ermediate valnes of times and heights 
are obtained by interpolation for each I On' of the moon's transit ; i.e.:- 
tive values being inserted between each of tile 1 2  original cluantities. 

115. As the effect of freshets on the tides of Riverain Ports in India 
varies considerably from month t o  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 ; i.e.:-all January results together, etc ; and by 
grouping the hourly values for each separate month for OWrn and 
lh Om, or lah  and lah ,  etc.; as above, monthly lieta of mean values are 
obtained. 

Basrah ... 
Dnblat, (Saugor Island), Hooghly R 
Diamond Harbour ... 
Kiclderpore, (Calcutta) . . . 
Chittagong ... 
Elephant Point,  (Rangoon R; . . . 
Amherst, (Moulmein R) . . . 
&Ioulmein ... 

r 

Interval after moon transit to time of 

L. Water 1 H. Water 

21" 
12 911 
32h 
3511 
3gh 
35" 
34j1 
37" 

2Yh 
!36h 
3 C h  
3gh 
3Bh 
40h 
39" 
40" 
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116. I n  order to  obtain good values, i t  mas necessary to  treat the 
observations extending over a coilsiderable period of years in t,his manner, 
as the number of observatiorls in any one mont l~ ,  dependent on a certain 
hour of tlie moon's transit, was insi~fficient to give reliable mean values. 
It may be here remarked tha t  i t  is not necessary to  find the time of 
moon's transit for the particnlar place in cl~iestion, and, in practice, i t  
has been the rule to refer the times and heights to the transits a t  
Greenwich, which are given in t,lle Nautical Almanac. I n  the predic- 
tions, the Oreenn4ch transits are again nsecl, \diereby a saving of time is 
effected both in t'he rednctions, and tlie actual l~reclictions. 

117. The montlilv mean values of heights ancl t,imes, corresponding 

Plotting of month- to tlie ap1,arent tinles of moon's transit, so obtained, 
ly mean vslucs on nrcre t,hen bronglit in terms of mean times of transit 
charts. wit11 n vie\v to l~lot'ting them on chart's. The 
values for hcight  were plottecl withont alt,eration. I n  the case of 
the t imes  ho~vever, the curves were clra\vn with the monthly mean 
values somewhat moclified, so as to give the curves an  easier gradient 
and enable the values to be rend ~v i t h  more precision. For this purpose the 
monthly mean values relating io  t)lie 111ean times of transit mere sub- 
tracted from the times of moon's transit in tlie case of low-waters and 
vice versa in the case of high-waters. Wit11 these residual values, after 
applying the correction to stanclard time, tvlien necessary, the plotting 
of the curves mas carried out. 'l'llcse residuals \\rere taken to represent the 
value for the 15th dav of each particular month, so that  no smoothing 
was required between thc values obtailled for tlie end of one month and 
the begining of the nest.  T\vo sets of charts were prepared, one 
for high-water, comprising 8 separate charts, for heights and times of 
high-waters, and another sinlilar 8 cllarts, for heights and times of low- 
waters. Each chart exhibits - I t  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 nlacle in form 3 'rid. Pred. accor- 
ding to dates as explained in para 126 rf  scq. 

118. The next step in tlie work is t'o ascertain the corrections due 

C o r r e c t i o l l ~  for to the luuar lmrallax and the lunar declination. 
111nxr parallax nnd Thc tables, given on pages 337 to 339, and, 
declination. 

rearraliged and enlarged, on pages 342 to 352 of 
Chapter 8, Part  I. G .  T. S. Volrlme 16, are strictly speaking for the 
London Docks, but can bc used, for t1he semi-diurnal tides of any 
port, for the corrections for t i ~ ~ t e . ~  of liigll-water withont alteration. 
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For heights however, corrections are applied in proportion to  the  ranges of 

the  semi-diurnal tides at Lonclon and those of the port in question. The 
corrections for the times of lom-water a t  the  London Docks have not 
been determined, bu t  have been assumed the  same as for the  high-water 
Ad 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 lom-water 
in the reductions are referred to  the  same moon's transit  as the 
aucceediug high-water, as  the  low-waters precede the  high-waters by a 
shorter interval than tha t  between the  low-water and the y~ecioics 
high-water. >it Riverain ports, n~hich are a t  a considerable distance 
from a river's month, the high-water succeeds the  low-water by a few 
hours only, the time being coincident a t  the  place where the  tidal 
flow ceases. 

119. Charts have also been prepared for corrections to  time and 
- - 

Charts for parn~ltlx height for moon's horizontal parallax and dcclina- 
and declination cor- tion, corresponding to  ta l~les  1,2 and b,6 given in 
rec t ions. G. T.  Survey Vol. 16 pages 3 C2-34.5 and 350-361. 
From these latter charts, which are in apparent time, the correctione 
to mean time for each (lay in tlie year can be taken out and entered 
as clescribed in the footnote to  form A, in para 122. The corrections 
from these charts mould have been more easily obtainable, had these 
ellarts been made to corteepontl with mean time. J t  may be found 
oimpler in future to  construct fresh charts corresponding t o  mean time, 
or to work in apparent Lime throoghdut, either from charts, or by 
means of tables, (as explained in para 124). 

120. The corrections t o  time taken from these cllarts are the actual 
corrections required, but  in the case of the  correctior~a 

Mnltiplping f i ~ c t ~ r s  
for height corrections. to  height, the corrections have to  be multiplied by 

an appropriate factor before entry. 
- -  - 

A note t o  this effect is given in the heading of each chart. As 

the figures for time corrections on the  charts are io  black, and thole 
for height are in red, there i s  no likelihood of confusion. 

The appropriate factors by wllich the height correctione have to be 
multiplied are :- 
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Naine of port. 
Factor for 
H,  Water. 

... Dublat., (Saugor Island),  Hooghly R 

. . .  Diamond Harbour . . .  

Kidderpore, (Calcutta) ... ... 

. . .  Chittagong . . .  . . .  

Elephant Point, (Rangoon R) . . .  

Rangoon ... ... . . .  

Amherst, (Moulmein R) ... ,.. 

Moulmein . . .  . . .  . . .  

Baarah . . .  . . ,  , . .  

Factor for 
L. Water. 

121. It is now necessary to  dram 111) certain lists to  facilitate t he  
entries in the  coml~utat ion Form 3 'l'id Pred. T h e  

Form A , .  
form A, is first prepared, as per the  sample given 

below, with data from t,he Nautical Alma!lac, month by  montli through- 
out the year for  prediction, ancl s ta r t ing  at least 2 days before the  
year commences, as  the  l~redictioils arc  referred t o  transits l a  or more 
days previous. 

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

To simplify the  work, t he  decl i i~at iol~s are  calculated for  the  near- 
est hoar of moon's transit, ant1 the  vnlues entered to  the  nearest t en th  
of a degree. Also the values of liorixo~ltal par;tllas for noon or  midnight  
from the Nautical Almanac are  cntcretl, if the t ime of transit  is within 3 
hours of' noon or ~~ l i t l n igh t ,  as the  case may be. Tlie means of consecu- 
tive values for noon or rnitlniqht are  ~ n t ~ c r e d ,  if the  t ime of t ransi t  lies 
between 8 and D llours of noon or midnight,, tlie vnlues being kept  t o  the  
nearest second. The valrres of declination and parallax are  computed 
for alternate timcs of moon's transit  only. 

* The factor for Mo\llmein - 0 . 2  is correct., as now given. The mistake in the 
vslna - 1.2 give11 in ( 3 . ~ .  Volurrle XVI 1,. 340 part I, was pointed out by Mr. Brookes of 
the National Yhy~ical laboratory. 
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-- 

Form A1, 1925. 

- -~ 

1 From form A ,  it is then necessary to enter the corresponding 
corrections for tleclinatiot~ and parallax from the 

Form A, .  
charts prepared for this purpose (vide para 119) ,  

in the form A,, of which a sample i s  given brlo\v. The entries are 
made as sliown in the c o l u m ~ ~ s  for time and height corrections. 
--- - - --. - - . - -- - - - - . -- 

The 24 honr 8yst.om h n ~  heen n~lol>tecl expressiog these times, instcad of the 
12 hour Rygt,em, a. m. or p. ni. 

t Apparent time of moon'e transit ie entered ,in this column every 10th 
commencing with 1st Jsnnary. 
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Form A*, 1925, 

'Colnmc (3). li: is n correction which is necessary, as the  ergnment ~clopted in read- 
ng the c h ~ r t a  is men11 instead of npparent time. It is obtained by entering t h e  valuee 
orresponding to the  nppnrent t,inlc, gi\ cn in form A,, for every 10th day. Hy comparing 
Ilene with the  mean time corrections, it, is pos4iI)le to g~ .ade  the  differences, and enter  
olumn E:-for instance, taking tho uuln of + 2.4 + 0 . 1  marked t above, we obtain 
+ 2.5, which compa1,ed with + 2 G mnrkrd *, gives tho entry i t 1  Column E as + 0. I for 
'ennary lat. Simil~r lp ,  nt the end of 10 d n j ~ ,  by comparing sum of qnantitier +0-2 ,  
t 0.2 marked t, we obtain + 0.4, wl~icll  compared with + 0.8, marked *, giveu thc  
ntry in Column E for 10th J ~ ~ l u s r y  ns + 0.4. 'She differences are theu grndrd back 
moothly between + 0 - 4  and + 0.1, as &own in Colr~mn E. 

Year 

1924 
I 1  

1 9  

I 

0 

30 
1 .  

31 

Month 

December 
I 1  

'I 
I, 

Corres- 
'I I 

ponding 

Correct io~~s to  t ime Corrections to height 

(1) 
for 

 loon's 
dec- 
lin- 

atton 

+ 1 0 

+2.2 

1985 

I 1  

1 I 

I 

II 

I 1  

I S  

I r 

1, 

91 

I $  

13 

9 

I* 

9, 

1 8  

11  

I I 

II 

+24t+0-1-1. 

-0.7 

+ 2  6 

+5.7 

+ $ . I  

+ 5 - 4  

+ 3  6 

+la7 

+0.2t 

ctc., to  

(2) 
for 

moon's 
horztl 
pnral- 

lax 

-.4 4 

+ 2 3  

Jnnnnrj  
1 

9 9  

I *  

9 I 

I 9  

I 

3 

I 

9. 
$ 3  

1 I 

I, 

,I 
9 1  

I '  

I 

9 I 

I D  

I* 

1 
1 

2 
1 .  

3 
9, 

4 
I 1  

5 
I 1  

f i  

I 1  

8 

ib 
1 I 

1923 

Corres- 

+la0 

-1.4 

- 1  5 

-0 6  

t0.7 

+ 1  4 

+1.4 

+0.8 

+ o  2t 

i - 2 . 6  + -28 + ~ 0 1  + ~ 2 9  

-- I I I  1-0.4 ( - 1 . 3  I t + o n *  1 - I - 3  1 ) -  - 1 3  1 -  -a, 1 -  70 

(3) E. 
Errors in correc- 
tions (1) & (2), 

d l ~ e  to arguments be- 
i t ~ g  in mean instead 

of apparent t ime 

+ 3 

+ * 2  

0. 1 J ~ O - 4  

+5-7 

+ 4  7 

+ ~ 3 2  

t.26 

+.16 

+ .05 
- . U S  

-.I6 

-.23 

- a24 

- ~ 2 1  

0.1 

0.2 

0.2 

0 . 2  

0.3 

0 - 3  

0 41 

+ o  4 

I he end of the  year. 

+la3 

+ s . s  

+ G . 7  

+7.0 

+i.l 

+5.3 

+ 2 . 9  

+o.s 

+ -10 
+.23 

- -20 

--35 

- . 4 5  

- ~ 5 2  

- .59 
- . 6 3  

- - 6 4  

- - 6 3  

- -62 

+ ~ 1 2  

- s o 9  

- .29  

- - 4 7  

- .64 
- .78 
-.a7 

- 
-.a3 

+.47 

t.24 

+ .ti7 
+.46  
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125. Method of entering form 3 Tid Pred. 

Form 3 Tid Pretl. The precliction of high and low-waters are both 
carried out on this form, high being treated 

separately and low separately, 
I n  cols. 1 & 2 of the form a:.c entered the civil dates and mean time 

of moon's transit a t  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 t.ime interval in hours, 
(v ide para 113 ), to the time of moon's tramsit in col. 2, the entry is made 
in col. 9. Again, from the montllly height curve,, the values are entered 
in col. 10 of the form. 

127. I n  reading the monthly time and height charts, the values 
corresponding to each clate 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 :- 

Date of month Proportional parts 

The values read from the time charts are added to the time of moon's 
transit in the case of hizh-waters, and subtracted therefrom in the case 
of low-waters, in order to obtain the approximate predicted times of high 
and low-waters. I n  order to minimise t,he work, i t  has been decided 
to read values for t imeand height corresponding to alternate times of 
transit only, and to interpolate for the intermediate values by taking 
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the mean. I n  the  case of heights, no fur ther  corrections a re  made t o  
the interpolated mean values, b u t  in t he  case of times, the  mean of 
alternzlte quantities is no t  sufEcie11t,ly correct, and a correction for  the  
2nd. differences of monthly mean values is accordingly applied and  entered 
in col. 6, f rom charts prepared for  these second cliflerences, (A , ) .  The  
charts for 2nd, differences a re  prepared by tak ing  tile monthly values 
corresponding t o  hours of moon's t ransi t  modified for  4$9 m ~ n u t e s ,  t he  
mean interval between alternate t imes of t,ransit, ( -+  ( $ + ) 2  A,). T h e  
correction factors for  t he  actual intervals between al te l~nate  values have 
been calculated for  4.2 t o  64 minutes, ancl are  s l~own  on these chart,s. 
The values measured from the  charts are  n ~ ~ ~ l t i p l i e d  hy the factors, and  
entered in co lun~n  6. 

128. The declination and parallax corrections, worked out  on form 
A,, are now entered in cols. 4 & 11 of form 3 Tic1 Pred., those for  height 
being multiplied by  the  factor for t he  port before en t ry .  

These can also be worked out, by the alternative methocl givcn in 
para 124$. 

The summation of cols. 2 , 3  ancl 3 ,  gives tile en t ry  to be made in col. 
5 ,  giving the approximate mean time of the tide, to  \ ~ ~ h i c h  cols. 6 and 7 
are afterwards acldecl, in order t o  g e t  the  ~wedictecl t ime in col. 8. 

120. A celluloici scale, specially prepared for  the  pi~rposc 011 the 24 
hours system on the scale of either 3 or 44 inches to  

R ~ a d i n ~  the  Dilir- 
llal Chart,. 1 foot,, is then iaken for reac l in~  the 1)inrnal Cllart. 

Each of these celluloicl scales consists of n 

horizot~tal ancl a vertical scale joinccl a f t  r igh t  angles a t  the  centre, or 
mean sen level. 

The horizontal sc:cle is prepared on the 2 l I1o11rs s~rstem, ancl eac l~  
length of 2 inches on ~t represents a full clay. It is s ~ ~ b d i v i d e d  to show 
single hours. 

The vertical scale, which is art rigllt angles to the horizonta,l scale 
described above, actually has 2 scales on it. The  one on t'he left gives tha 
height correction to  be ent,el.erl in col. 12. The  other scale, OII  the  right,  
is in a position t,o 1.eac1 6 11onl.s t o  the r igh t  of the left-lmnd scale, and 
therefore, without moving the scale, enables t,lle curve to  be read a t  
a different point from t h a t  a t  which t,lle heights were r e d ,  and a.l~l)roxi- 
mately (i hours awa,y from the  t ime of nia.xin~nm of the semi-clinrr~al 
tide, as required by  t.he t , l~cory alreacly explained in pal-ii I 10. 

I YO. The  l~orizontnl scale is set in position to  correspond with the 
argi~rnent~s of approxilnat,o mean t ime aod  date  given in cols. 6 
and 9 of t,he form respectively. I n  set t ing the  scale for reading, as 



Clrsr. I.] THE TIDES 

above, i t  is best to  place the  horizontal scale t o  correspond with the 
mean sea level line first, ancl afterwards t o  sh i f t  i t  t o  the  approximate 
t ime a t  which the  reading has t o  he taken. T h e  corrections for height 
and tirne are  then read. 

T h e  height correction is entered directly in col. IS, being positive, 
if measured above mean sea level, and negative, if below. 

T h e  t ime correction, as  already explainecl, is read witliout moving 
tlie scale a t  a point nearly G Iiours later on the curve, and  allowance has 
heell madc f o r  this it1 the ivicltli of t he  scale. T l ~ a  reading lias to  be 
divided b~ half the semi-diurnal range of the  port, and  tlie result is 
then entered as the iirne correction in col. '7. 

Both height and  t ime corrections are  read from the Diurnal Chart 
so a s  t o  correspond t,o alternate approximate t imes of t.ide in col. 5 ,  
and the  intermediate valaes are  interpolated between them.  

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

132. The t ime 'corrections, when entered in col. 7 ,  are  allotted 
correct signs in accordance with the  following rules :- 

'rime corrections, if measured above mean sea level, are  positive for 
high-wat,er a11d negative for low-water. 

T ime corrections, if measured below lnear~ sea level, are  negative 
for high-n.at,er ancl positive for  low-water. 

This fo1lo~vc.s froin the tlieory already explainecl in para 110. 

13:;. TIIF! c o l ~ ~ n ~ n s  of the form, now having all been entered, the 
s u m m a t i o ~ ~  of ~'01s. 10, I 1 RII(I 1 2 gives t,he entry t o  be made in col. 13. 

This co1nl)letes the coml)utation on forrn 3 Tid Pred., of which a 
salnplc slio~ving the e~l t~ries  made in t l ~ e  various r o l ~ i ~ n n s  is given overleaf. 

The ~)re~l ict ions for  ti111e ant1 I ~ e i g l ~ t  arc! I I O W  copied from cols. 8, 9 
and I :J of 13 Ticl Precl. into one of the  forms 5,6,'i or 8 Ticl Yred., accord- 
ing  to  the port in qnestion, and,  when completed, the predictions are 
ready for the press. 

- -- .- -- 
Formcrlr t3he valne A, , ,  the tliffcrence in height between dnturn of fionnding M I ~  

riican sea level. way ttnken. RLIC~ the differcaae between this snd she height, read from 
the monthly cnrve accepted n.s the divisor reqnircrl. 



CHAP. I.] THEORY AND COMPUTATION 

w % g j r  -9 -1oo n! anrq aqq ~ a q j u  
2.54 b $ 3  sanorl g 'p!o1nl1a:, no spas pa!qma puoq qq.31.1 eqq 

g";a o no qiaq3 IenJn!a ayq nroq naqaq sSu!paaa 

'ST pus '[I '01 snmnloo lo mnS 
I 
II 

FI 

'pappn 1sasely aqsm 
-!xoiddn v!r 1 nmnloa o! aqrp eyq a! s ~ j  

' A  pua '9 '9 snmn1oa JO tuns 

k 
Q) 

- -. . - 

* #-4 .1xod aqq 30 eSuex 
Isnzn!p!mas aqq j ~ u q  dq paplr!p 'TI nunloo y 
paaaqrre su '5n!pna.1 aqq s! uo!qoeraoo a q j  *'en!qosm 
aqq uo g o  nnr q ~ o q n  ~cn~n!c 1 aqq moaj uaqvA 

.sallluA pal 
w~odirqur eqq oq r i p 0  pmldda aq oq rar s!q+ .q!snt~$ 
s,uoom JO s.lnoq oq zu!puodsa.~~o~ san~ca L(qqnonr 
aqq a! saouaqpp  aepio pnZ eqq JO suo!qoa 1.103 

B 

-f PUB 'E ' E  611tnn103 JO wng 
0; 
h 

rsi 
.. - - - - - - - -- - -. - - 

. H  I 
-1 nrnn~oo ur aqvp eqq , I 2 P 4 a 1 ~ o j  no!qo!poid 30 ~ ~ 0 . t  sol cv cu.roj m o q  nolm) ral  

6-4 a 2 , -larsd puu no!qzu!Ioep JOJ em!? 0% sno!qoa.raog 
a 

6 ! -c  ptrv 1 Rnrnnloa u! q~suurq jo am!? rruem pua eqvp 

a 09 Pu!prrodserroo ahatla d~qqtroru nroij enr!~, 
' + 

'V .- 

e 3  2 s 
P, 
U 

aJ 



The port of Bassein, though actually a Riverain port, is not treated 
8s sucll fo: purposes of erediction. Predictions for  Bassein are made 
by means of the  ticlal curve run on the  machine, in the  same manner as 
for an  open sea port', the  following correct,ions being applied to the 
times of high ancl low-water. 

h 

Correction 
to low-water 
in minutes. 

+ 7 + 10 
+ 12 
t 1 3  
4- 12 

+ 11 
-t 10 
+ 8 + 7 

+ 5 
+ 3 
+ 2 + 1 

- 1 - 3 
- G 
- 8 
-11 

- 14 
- 15 
-16 
- 15 

- 13 
- 10 - 7 - 4 
- 1 

Date. 

Correc- 

to Correction high- 1 to  low-water water 1 ill minutes. in 

Date. 

J u l j r  3 
I 0  
17 
25 
31 

Aug. 7 
i3? 

, 2  
28 

Sep. -E 
11 
18 
25 

Oct. 2 
9 

16 
23 
30 

Nov. 6 
18 
20 
27 

Dec. 4 
11  
18 
25 
32 

Correc- 

high- 
water 

in 
minutes. 

- J 
- 6 
- 8 
-10  
- 1 2  

-14 
-16  
-17 
- 19 

- 20 
- 2 1  
- 2 3  
- 23  

-23 
- 24  
- 2 3  
- 2 1  
- 1 9  

-16 
-13  
- - 9  
- 5 

0 
t 5 
+ I I I  
+ 14 
+ 1 8  

I 

1 

I minoteso I 
Jan. 1 

3 
10 
17 
2E 
31 

Feb. 7  
1E 
21 
28 

Mi. r. 6 
13 
20 
27 

Apr. :3 
10 
17 
24 

%lay 1 
8 

1.5 
22 
20 

June 5 
12 
19 
26 

+ I 8  
+ l o  
+ 2 2  
+ 2 3  
-i-23 
$ 2 3  

+ 2 2  
+ 2 2  
-(-?I 
+ 2 0  

+ I q  
+ 1 8  
t 16 
+ 1 5  

I- - 1 
(1 

-t 2 
+ I! 
+ G 
+ 7 

-t 8 
-t H 
+ 9 + 9 

+ (3 
-t 8 
-t 6 
4. 3 

+1-E 
+ 1 2  
+ 1 1  
+ 9 

-1-8 
+ 7  
+ 6  
-I 5 
+ - E  

+ 2  
t 1 
- 1 
- 2  / + 3  

I 

/ 
0 ,  - 3 i - 5 

- ?  / 
- 8  
- !I - 10 
- 10 
- 9 

- 7 
- 4  
- 1 

I 
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For Bassein the following data are used. 

Component 

If2 

M4 

Mc 

S1 

s2 

rI 

27 

0 

K 1 

K2 

P 

N 

L 

v 

T 

P 

J . 
Q 

MS 

2SM 

2N 

MsN 

MA 
2M2K, 

H 

2.294, 

0.251 

0.097 

0.066 

0.754 

1 . 8 6 -1- 

0 570 

0.186 

0.374 

0.168 

0.127 

0 * 359 

0.1G3 

0.138 

zero 

Os2GCi 

0.015 

0.011 

0.178 

0.077 

0 . l lG  

0.079 

01095 

0 - 073 

tc 

48 3 

325.7 

237 0 

135.G 

90.9 

152.  3 

322.3 

3'3.2 

4 7 . 6  

107 a 6 

50.6 

4 4 . 9  

52 6 

1 .5  

set a t  

17'8.1 

239. .2 

48.5 

10.5 

300 4 

3 3 7 . 1  

315.8 

301 -44 

2 5 8 . 5  

( \“I + U) 

As for 

Diamond 

Island 

9 J  

) )  

) 7 

J 7 

J J  

j 

) J 

) I  

9 )  

) I  

) I 

J J  

7 )  

> )  

1  

9 9  

9 J  

) )  

9 )  

9 7  

9 )  
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TABLE I.-For converting Decimals of a Degree int,o Minutes and 
Seconds. 

From P a r t  1 . . .  - 8  =48' 

(P 

W Q )  
0: 

3 0 

z;;Q 
& 

U) 
w 
2 
~l 
.4 

Z 

Parts  
of a 

Degree 

'00 I 

z 
.? 
4 

2 
7 
8 
Y 

' 0 1 0  

I I 

11 

' 3 
'4 
15 
16 
I 7  
I 8 
' 9  

'010 

11 
I a 
2.3 
24 

3 
1 3 7  : 28 

29 
'030 

.t 1 

31 
33 

-- -- -- 

Parts 
of a 

Degree 

,067 
68 
69 

7 1  
'070 

7 2  

73 
74 
75 
76 
77 
78 
79 

,080 
81 
8 1  
8.4 
84 
8; 
86 
87 
88 
89 

so90 1 

i- - 
I . 1 1  6 
I :: :: 

Example.-Required the value of oO. 875 in minutes and seconds 

Minutes 
u nd 

Seconds 

0 3 . 6  
i o 7 2  

o 1 0 . 8  

0 o 14.4 18 o 
o 2 1 . 6  
o 1 j . i  
o 28 8 
0 32 '4  
o 36 .0  
0 39.6 
0 43.2 
o 46.8  
0 50.4 
0 54 0 

O 57.6 
I 1 - 2  

I 4 .8  
I 8 .4  
I 1 1 . 0  

I 1 j . 6  
I 19 a 
1 12.8  
I 26.4 

- 

Minntcs 
and 

Seconds 

4 1 . 2  

4 4 . 8  
4 8 . 4  

4 1 j . 6  
1 2 . 0  

4 19'2 
4 2 2  8  
4 26.4 
4 3O.O 
4 3.3'6 
4 37'2 
4 4 0 . 8  
4 44'4 
4 4 8 - 0  
4 j!.6 
4 5 5 ' 1  
4 - 5 8 . 8  
5 2'4 
j 6 . 0  
j 9.0 
5 1.1.2 
.i 1 6 8  
j 20'4 
5 24'0 

4 

' j  

.6 

'7  

- 8  

' 9  

91 

gP; 
94 

;s 
97 
98 
99 

I ,qomo 
1 3.3'6 
1 37 '1  
I 40 .8  
1 44 '4  
I 48.0 
I 51.6 
1 5.;-2 
I 58 8 

1 

14 

.to 

-36 

41 

48 

54 

- 

5 27'6 

: .33:: 
5 j 6 ' 4  
5 42'0 
j 45.6  
.; 49'5 
5 51'8 
5 56 '4  

- 

Parts 
of n 

Degree 

03 4 
.3 5 
36 

-38 .3 7 
3 9 

-040 
4 1 
4 2 

4 3 
4 4 
4 5 
46 
4 7 
48 
49 

'050 
51 
51 
.; .Z 
5 4 
S .i 
.5 6 
5 7 

- _ - -- - 

Minutes 
and 

Seconcls 

1 2 . 4  
2 6 . 0  
2 9 . 6  

a 1 6  8 
2 1-32 

a 20 '4  
2 14 .0  
i 27.6 
2 31 '2  
2 .?+ 8 
1 .?Y 4 
2 4 3  o 
2 4 j . 6  
1 49 2 
2 5 2 . 8  
1 j6.4 
. 0.0 

.3 3 ' 6  
3 7 . 1  
.? 10.8 
3 14'4 . 18.0 
3 21.6 
.? 25 '1  

.; 8 

1 59 ,060 
61 
6 1 

63 
64 
6 5 
6 6 

_ 

3 28 '8  31.4 
36 .0  

.? 33'6 
3 43'2 
5 46.8  
3 50 '4  
3 54 '0  
3 . i i ' G  

-_ _ _ 
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TABLE 11.-For converting Minutes and Seconds into Decimals 01 
a Degree. 
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TABLE Ill.-Values of p the Mean Longitude of the Moon'a 
Perigee, (the rr of the computation forms), for every year from 1850 to 
1949. 

TABLE 1V.-Number of Days from January 0. 

~ u r  I p o r r  /IYsnri-- p or r 

1. These values are for January 0 ji.e., noon December 31st of preceding year), 
except in the case of leap-years, when the valnea are for 0 hour Januery 1st. 

2. The values given in the above table require 0° 136 to be added to give the true 
v o l ~ ~ e s  of p or a, (see page 36, Preface to  Hensen's Tables), but tls the form for the 
compntntion of tidal observations has been constructed, showing t h e  constant 0°.136to 
be added, i t  has been thonght advisable not, to make this correction in above table. 

3 'I'he ralnes frorn 1921 onwarda depslld on the nrw fo r rn~~ la  given in para 87. 
Theee new valnes ars shown in italics in the above t,able. The valoea for Jn.n. 1 

compnted by the new forninla were found in defect of those published in the old 
edition or the table after addition oE OO. 146 11nd one day's motion a t  0". 1 11lQ4 to convert 
the latter to Jan.  1 instead of Jnn. 0, by Oq.00159 in 1923, 0°.00314 in 1986, 
and 0°.(a698 in 1940. 

The tebnlar values for Jan. 0 from 1924 onwards were accordingly correcI,erl by 
interpolation from the above. nnd 6t,ill reqnlre the constant 0'. 136 added. 

T l ~ e  vuluts may olso be ol~tnined from the N. Almannc, which ie ueueliy available 
in time for any particular year'e computntions. 

p or r 

0 

334-1913 
14'8540 
55'5166 
96'1793 
136.9533 
177-6160 
218.2786 
258.0413 
299-7153 
340'3179 
2 1.0406 
61.7032 
102.477~ 
143.1399 
183.8025 
aq.4651 
265-2392 
305.9018 
314.5644 
21.2270 
68.0010 
108.6637 
149.3a63 
189.9989 
330-7811 

1850 
51 
51 
53 
54 

1855 
56 
57 
SU 
59 

1860 

61 1 8; 1865 
66 
67 
68 
69 

1870 
71 
7 2  
73 

Month. 
I 

Month. 

Year 

1925 
a6 
27 
28 
a9 

1930 
31 
33 
33 
34 

1935 
36 
37 

1940 
41 
42 

44; 
1945 
46 
47 :: 

--- 

0 

99.7292 
140.3918 
181-1657 
az1.8a8j 
263-49d 
303.1534 
343-9273 
24'5899 
65.2524 
10.5'9140 
146-6889 
1d7.3514 
218.0139 
268-6765 
300'4504 ' 
j~o-rlag 
30.7755 
71.4380 
11a~a119 
1sa.8744 
193-5369 
a34'199.t 
a74'97.34 
315.6350 

P or * 

0 

271.4236 
3 19.0860 
362- 7484 
33.6223 
74.1848 

114,8473 
166-6098 
196-2837 
236.9469 
277.6087 
3l8.2711 
359.0460 
39.7074 
80.3698 

1 2 1 . M l  
161 .8069 
ma. 468a 
a43-1306 
28.3.7999 
924.6667 

6.2890 
4.5 -89 11 
86.6637 

127.3874 
161.9896 

74 I 356.1981 1 99 
. . .- --- - - -- - - -. .. -- 

I- 
I 

1875 
: 76 1 77 

'18 
1 79 
8 1880 

81 
82 

I '  83 
8.1 

1885 
86 

, 87 
89 
89 

1890 
91 

i 92 
93 
94 

1895 
96 
97 
98 

181 
a11 

943 
273 
304 
334 

293'.5289 
-- . - -- 

181 
112 

9 43 
273 
304 
334 

J ~ r u ~ u y  o . . . 1 . . . 

I 24 

- 

0 

36.9609 
77.1348 
118-3973 
159.0598 
199.7223 
240-4961 1 
281.15@7 
3a1.8212 
2.1837 
43.2576 
83-9200 
1z.4.5825 
1Gj.aj50 
206-0189 
a46.6814 
287-3419 
328.0063 
8.7801 
49'4437 
9o.Iogr 
130-1676 
I']I.S~IJ 
a1a.103~ 
251.8664 

Fobrrury o ... 
Much o ... 
Agril o . . . 
M.7 o ... 
J~ma o .. . 

I 
1 1900 
1 I 

a 
3 

1 4 
1905 

6 
7 

' 8 
9 

1910 
' 1 1  

1 13 

' 13 
14 / 1915 
16 

1 ' I  , 18 
I 19 
1 1920 
I ar 

a1 

23 

3 1 ... 
59 September o . . . 
90 October o ... 

I a 0  rao November o . . . I 15, 1 December , . . 
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TABLE V.-Value of Movement of p or r for 1 to 366 Days, 
at 0'- 1 1 1  4040803 1 per rnean solar day. 

72 8.02109 
73 8.13250 I 14 8.24390 
75 8.35531 
76 8.4b671 

77 8.57811 
78 8.68952 
79 8.80092 
80 8.91233 
81 9.02373 

82 9.13513 
83 9'24654 
84 9'35794 
85 9'46935 
86 9'58075 

87 9*69215 
88 9.80356 
89 9.91496 
90 10.02637 
9' 10'13777 

92 10.24918 
93 10'36058 
94 Io.47198 
95 10.58339 
96 10.69479 

97 10.80620 
98 10*91760 
99 I 1.0~900 

I0 0  11'14041 
IOI 11'25181 

101 11.36322 
103 11.47462 
104 11*58602 
105 11.69743 
106 11.80883 

ro7 11.92024 
lo8 12.03164 
109 11.14304 
I 1 0  IP25445 
I l l  11.36585 

112 11.47726 
113 lr.58866 
114 12'70007 
11s 12.81147 
116 12.92287 

117 r3'034a8 
118 13.14568 
119 13.asto9 
110 13.36849 
1" 13.47989 
Ill 13'J9130 
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TABLE V1I.-Products of Augmenting Factors R,, R,, and R, 
multiplied by I to gcj. 
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TABLE VIII. -Products of S, x -001 up to SI x 1.000. 
S,=sin 15'= -25882.  
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TABLE VII1.-Products of Sl x -001 up t o  S1 x 1-000.  
Si = sin lfiO= 926882. 



TABLE 1X.-Products of S3 x *001 up to S, x 3. .00r). 
S, = sin 45' = *70711. 

-00 
.or 
.ol 

( -03 
-04 
'05 

-06 
'07 

1 -08 
1-09 
1-10 

i 
I '11 

'13 
'14 
'15 

-16 
-17 
-18 

/ '19 
! -10 

I 

! ::: 
'13 
'¶4 
-25 

-16 
'37 
-28 
-29 
'30 

-31 
-39 
-33 
'34 
'35 

-36 
'37 

'39 
.Co 

-41 
'41 
:43 
'44 

~omooo 
'007071 
-01414a 
-oaIa~g 
.028a84 
'035356 

'042417 
'049498 
-056569 
-063640 
.o70711 

.077782 

.o84n53 
'091904 
'098995 
.106067 

-r13138 

I 
,007 ,008 

-005657 
-0ra728 
.or9799 
-026870 
-033941 
.o41012 

-048083 
.o55155 
-062226 
-069297 
so76368 

-083439 
.09ogro 
-097581 
'10469a 
-111723 

-118704 
-125866 
.13a931 
-140008 
.147079 

1 .154150 

.w4a43 

.o11314 
-018385 
'02.5456 
'03a5a7 
,039598 

'046669 
-053140 
.060811 
-061883 
,074954 

-0830~5 
.089096 
so96167 
'103238 
'110309 

.117380 
*134451 
.13152a 
,138594 
-145665 

a152736 

-004950 
.oIaoar 
.orgoga 
-026163 
,033231 
'040jOS 

,047376 
'059447 
-061519 
-068590 
so75661 

.o82732 
eo8980 
.tq687j 
'103945 
-111016 

.118087 
-1a5158 
-1jz.230 
'139301 
~146372 

-153443 

'315978 
'333049 
'340120 
-347191 

'so 3 3  i 3 
. I 

,009 

-006364 
'013435 
-0a0506 
.027577 
-034648 
'041719 

eo4.9791 
-055861 
-062933 
.070004 
.077075 

-084146 
.ogra17 
b-098188 
'105359 
*I12430 

-11950~ 
-126513 
~133644 
-140715 
-147786 

-154851 

'3a7~q 
'334463 
'34153J 
,348665 
.315676 

-159801 
-166818 
-173949 
-181oao 

-188091 
-195161 
.aoazjj 
.a09305 
.a16376 

.zz3447 
'230518 
8 
-144660 
.a51731 

aaJ880a 
265873 
.a71(~ 
-280016 
.a87087 

-294158 
-~oraag 
.jo8joe 
-315371 
.3124.+1 

'329513 
-336584 
-343655 
.3507a7 
-35),98 

-3266% 
'333716 
'd4d27 
.347998 
-354969 

*0W707 
.oo7778 
-014~49 
.o1192o 
-018992 
-036063 

'043134 
.ogoaog 
-057276 
'064347 
-071418 

e078489 
.oS5560 
'092631 
'099703 
-106774 

*113845 

NO, 

.oo 
-01 
-02 

'03 
-04 
-05 

-06 
-07 
-08 
-09 
'10 

* I I  
'I3 

.IS 
'14 
'15 

-16 
-17  
*I$ 
-19 
*2o 

'21 
-161928 
a168999 
-176070 
-183141 

-190213 
'197284 
.a04355 
.a11426 
-218491 

-2zS.568 
.232639 
.2397JQ 
-24678f 
srs385a 

.1(*24 

.a67995 

.a75066 
-282137 
.189108 

9296279 
.303350 
* j I W q  

'817492 

~ 0 2 1 a 1  
.oo919a 
-016164 
-02333.5 
e030406 
'037477 

-044548 
-051619 
-058690 
-065761 
-072832 

.079903 
eo86975 
.owo& 
.10111'] 
,108188 

-115zj9 

-001414 
-008485 
-015556 
'011628 
so19699 
'036770 

-043841 
.050911 
a057983 
so65054 
.olara5 

-019196 
-066167 
'093339 
-100410 
~107481 

-1145'a 

-22 

'23 
'2) 
'25 

*a6 
'27 
'a8 
'19 
'30 

'3r 
'30 
'33 
'34 
'35 

'36 
'37 
'38 
'39 
*40 

'41 
' '42 
.43 

-11a330 
-1~9401 
'13647a 
'143543 

-150614 
a157686 
-164157 
-1718aR 
'178899 

,185910 
.193041 
-zoo112 
.a07183 
.214254 

'211325 
'238397 
..(468 
-z)zs39 
'249610 

*zS6681 
-1637~a 
.27082) 
'a77894 
.a84965 

.a92036 
-1gg108 
-306179 
'313250 
a 

-328099 
-335170 
'342241 
-3q931a / -356363 

-121623 
-128694 
-135765 
,142836 

-149907 
-156918 
.164090 
-171121 
,178192 

-185263 
'192334 
.1gg405 
,206476 
.a13549 

.am618 

.~a7689 
6 
-241832 
,248903 

.r559)4 
-263045 
.a10116 
.a77187 
-284a~d 

,291329 
.~fljoo 
'305472 
'312543 
,319614 

-1aoao9 l.1aog16 
-137180 ' '121987 
'134351 -135058 
'141411 .1411ag I 
-148493 "149am 

6 0  I 

.ia4$63 '45 

,331635 
,338706 '47 
'345777 'd8 
-353848 '49 
.359919 'so I -338806 

'335877 
-343948 
-350019 
I 

- 

.ooz8~8 

.0099m 
-016911 
-0a404a 
. O ~ I I I ~  
-038184 

-0qSa55 
.o52326 
.0.59397 
-066468 
.073539 

sob611 
.o87682 
'0947'3 
-1o18a) 
e108895 

-115966 

.151564 
-161635 
~169706 

-167585 
,174656 
.1817a7 

.188798 
-195869 
.lo2941 - aroolz 
-217083 

.a24154 

.a31125 

.a38296 
-245367 
-252438 

.a59509 
a66580 
-17365s 
-2807aj . a87794 
-294865 
-301936 
.jogw7 

'003536 
.or0607 
-017678 
-024149 
-031Bzo 
-038891 

.045962 
'053033 
.o60104 
-067175 
'0742~7 

-081318 
-088389 
-a095460 
-1025g1 
-109602 

-116673 
.1a3037 
*13o108 
'137179 
.1.$4250 

.rSrgaa 
-1j8393 
-165464 
'172535 
a179606 

.186677 
'193748 

.a07890 
-21496~ 

-21~033 
'azgloj 
.236115 
-243246 
.~50317 

-157388 
ma64459 
.271530 
-278601 
-285679 

.a~z7e) 
-199815 
-306806 
.313957 

. -3a10~8 

-1~6.71 
-163342 
-170414 

.168a92 
-175363 
,183434 

.189So5 

.196517 
~203648 
.aro71p 
-z17']90 

-224861 
1'231932 
- 2 3 ~ 3  
ma46074 
.a.e314~ 

ea60n6 
267388 
-37459 
.a81430 
.a88501 

ez95j7a 
~301643 
.jog71l( 

-1a3744 
'130815 
a137886 
-144958 

.I52029 

.15910o 

.166171 
,173a4a 
.180313 

,187384 
,194455 
.aorg26 
a208597 
-315669 

-222740 
.aq811 
,236882 
'143953 
.zj1oa4 

.IsB")~ . 2651b6 
d27a137 
.a79308 
186380 

.a93451 

.jooSza 
-307593 
e314664 
..qa1131 

.176778 / -177485 

.183849 1.184556 
l.1916a7 

-197991 / ,198698 
.)o506a ma05769 
'211133 .211840 

I 
'21 204 / -119911 
-aa%a75 '126982 
'133346 ! .a34053 
'a40417 I '141125 
.a47489 : .a48146 

I 
.2p56o -255167 
-1 1631 ma6a338 
-268102 1 -ahpp 
'a75773 1 -376480 
2818~4 -a83151 

'1@15 -190611 
-296986 ~297693 
.Jo)oS7 I ,304764 
'3111a8 : -311836 

-318~7 
-316078 1 ~316785 
.JI3149 , -323856 

I -330azo I '330917 
'337291 
-344363 
s3514.34 

,337999 
-345070 
-352141 

-31854 , .3(9212 
.- 



CHAP. I.] THEORY AND COMPUTATION 

S, = sin 4.5' = 70711. 

,009 No. No. 



S, = sin 60' = 86603. 

No. 

.oo 
-01 
-01 

-03 
-04 
-05 

-06 
-07 
.08 
.09 
.lo 

. I I 
I 

.13 1 .14 
15 

16 
'17 I 
'18 I '19 
'ao 

'34 
'a5 

.a6 
'2) 
-18 
.ap 
-30 

-31 
'31 
.33 
'34 
'35 

-36 
'37 
.jB 
'39 
'40 

'41 
'41 
'43 
'44 
'45 

a 4 6  
4 7  
'4 
'4b 
'Jo 

,008 

.w6928 
0015589 
'024241) 
-032909 
-041569 
.050230 

-058890 
-061550 
.o76!1r 
'084871 
.o93:31 

-1oz19a 
- 1  10852 
'119512 
-1r817i 
'136833 

'145493 
-194153 
-162814 
-171414 
.18or34 

.188795 
'197455 
-206115 
'214175 
-223436 

'132096 
,240756 
,249411 
'a58077 
ma66737 

,215398 
,184058 
192718 
-301378 
'310039 

'318699 
-327359 
-336010 
~34.1680 
'353340 

-362001 
-370661 
,379321 
.387981 
-396641 

-40530, 
-413961 
.qra6aj 
-431283 
'439943 

.om 

oooww 
-008660 
.orfjal 
'025981 
-c34641 
-c433oa 

-051963 
.060b22 
-0b9182 
'077943 
.of36603 

-095263 
-103924 
'112584 
.111144 
'129905 

.138565 
'147125 
'155885 
'164546 
'173106 

-181866 
'190517 
-199187 
'a07847 
-216508 

maas168 
-133818 
.a41488 
'a511qg 
.aS#ag 

,268469 
.177130 
.2L)S7p 
'a9MSo 
'303111 

-3ll771 
'3lo43l 
-329091 
'337751 
*34641l 

'35SOfa 
-363733 
'372393 
.@lo53 
-3897r4 

'398374 
'407034 
'415694 
'4a43SS 
'43P15 

O O O ~  

-007194 
-016455 
-015115 
.033775 
-042435 
*051096 

-059156 
'068416 
'077077 
'085737 
-094397 

*103058 
,111718 
-1a0378 
.1rgo38 
'137699 

'146359 
'155019 
-163680 
.I72340 
.181ooo 

-189661 
'198311 
,106981 
'215641 
-aa43oa 

*a3zq62 
'1416aa 
-2~oa8j 
'a58943 
.a67603 

'176164 
-184924 
-293584 
-3oa2e) 
'310905 

,319565 
-3a8a25 
'316886 
'345546 
-354206 

-362867 
'371517 
-380187 
,388947 
397508 

-406168 
.414818 
'4,3489 
'43ar49 
,440809 

No. 

-00 
'01 
-oa 
.03 
'04 
-0.5 

'06 
-07 
'08 
'09 
-10 

'11 
'11 

'13 
*I4 
'15 

.16 
'11 

-19 
-10 

'11 
'1' 

.a3 
'94 
'15 

'16 
'27 
'18 
'19 
'30 

.31 
'31 
-33 
'34 
'35 

'36 
'37 
'38 
'39 
'40 

-41 
'42 
'43 
'44 
'45 

'46 
.41 
'48 
'49 
'So 

- 

.oo~ / .ooa 

i 

I 

-007 

em6062 
-014723 
-023383 
'032043 
*040703 
-049364 

.o58024 
so66684 
.075345 
-084005 
-09a665 

-101326 
-109986 
-118646 
-1a)306 
'135967 

'144627 
~153287 
e161948 
.170608 
~179268 

-187929 
-196589 
'205249 
'213909 
.22257o 

-131130 
.a39890 
-248551 
'a57211 
.a65871 

-214532 
.a83192 
*291852 
- 3 ~ 5 1 2  
'309173 

'317833 
'326491 
'33515.1 
-343814 
'352474 

..61135 
'369795 
,378455 
.387115 
'395776 

-404436 
m413096 
'4117.s7 
'430417 
'439017 

.wzSg8 

.o11258 
-019919 
'028579 
'037233 
'045900 

.054560 
-063220 
.071880 
'080541 
~089201 

-097861 
-1o65aa 
*11518a 
-123842 
' 132503 

-141163 
-149823 
.198~83 
'16714 
-175804 

a184464 
.1931a5 
.a01785 
.a1044S 
.a19106 

.a17766 
a13642 
.a45086 
.a53747 
mz6a407 

,171067 
.a7 728 
.28!3ee 
-1qfo4H 
'305709 

.314369 
-3a~oag 
.331689 
'340350 
'349010 

'357670 
-366331 
-374991 
a.313651 
.39a31a 

~4oo972 
,409631 
-418291 
-426953 
-435613 

w 1 0 0 6  

.000866 
-0095~6 
,018187 
-026817 
'03SS07 
a044168 

-052828 
-061488 

so03464 
-olalzq 
.0207P5 
'029445 
.038105 
-046766 

-055426 
e064086 
.072747 
'081407 
-090067 

.098727 

.lo7388 
-116048 
.la4708 
,133369 

.142029 
-150689 
*159350 
.168010 
-176670 

'185330 
.191901 
.202651 
.arrgll 
.219972 

-118631 
.23729a 
-245953 
a294613 
.a63273 

'271933 
-280594 
'189254 
-297914 
.306575 

-315235 
-313895 
-331556 
-341a16 
'349876 

'358536 
m.367197 
-375857 
-384517 
'393178 

-401838 
,410498 
-419159 
'417819 
'436479 

-004330 
-0129~0 
-021651 
.030311 
-038971 
-04763a 

-056292 
,064952 
,073613 
-082273 
.090933 

'099593 
-108354 
-116914 
-125514 
'134135 

-142895 
'151555 
-160~16 
.1688)6 
-177536 

-186196 
'194857 
'203517 
-212177 
-120838 

'229498 
.a38158 
-146819 
,155419 
-264139 

'a7af99 
'a81460 
-2901 20 
'298780 
'307441 

-316101 
-314761 
'333422 
.34ao8a 
'350742 

-3c940a 
.368063 
'3707a3 
-385383 
'394044 

'@2704 
'411364 
.41was 
-418685 
-437345 

-001732 
.o10392 
.o1gog3 
'02i713 
-036373 
'045034 

,053694 
mo6a354 

-005196 
-013856 
-oaa517 
.0311)7 
-039837 
-048498 

.057158 
-065818 
-014479 
.o83139 
'091799 

,100459 
~1091ao 
.117780 
,126440 
'13jl01 

-143761 
'152~21 
-161082 
-169742 
.178402 

.187062 
'195723 
-204383 
'a13043 
*a21704 

'230364 
'239024 
-24,685 
ma56345 
.a65005 

'273665 
-282326 
,290986 
'a99646 
'308307 

.316967 
'3256a7 
.334288 
-342948 
-351608 

.360268 
'318929 
.377:89 
'386249 
'394910 

-403570 
'411130 
~4a0891 
.4a9551 
-438211 

.070148, .o71014 
'078809 1 
-087469 

-096129 
'1047q~o 
'113450 
-111110 

'130771 

'139431 
'148091 
'156751 
.165412 
'174072 

'181731 
'191393 
-a00053 
-208713 
,117374 

-116034 
'234694 
'143353 
'aSao15 
-260675 

-169335 
-117996 
-286656 
-ag5jr6 
'303977 

-311637 
-311297 
'3a9957 
-338618 
'347278 

'355938 
'364599 
'373259 
'381919 
-390580 

,399140 
.407900 
.4165& 
'4~5121 
'433881 

-07967 j 
.088335 

-096995 
.lo5656 
.114316 
~1aa976 
'131637 

-140297 
-1489~7 
'157617 
.I66278 
'174938 

'183598 
.I92259 
'100919 
'209j79 
'218a40 

'aa6900 
-235560 
.a44aao 
.a52881 
-261541 

-2)oaor 
.a7816a 
.a8)5a~ 
'a96182 
'304843 

'311503 
-3ar163 
-330823 
'339484 
,348144 

.356804 

.365465 
'374105 
'381785 
'391446 

-4w106 
'44766 
'417416 
.426087 
'434747 



- - - - . - -  

CEAP. I.] THEORY a s ~  COMPUTATION 

TABLE X.-Products of S, x 001 up t o  S, x 1 000. 

S, = sin 60' = *86603. 

- 

NO. 

'50 
'51 
'52 
-53 
'54 
-55 

- 56 
'57 
.58 
.59 
-60 

~ 6 1  
'62 
'63 
4 4  
-65 

'66 
~ 6 7  
-68 
-69 
-70 

.71 
-12 
'73 
'74 

5 

.76 
-77 
-78 
.79 
a80 

'81 
-81 
-83 
'84 
'85 

~ 6 6  
'87 
-88 
'89 
'90 

'01 
.q1 
'93 
-94 
.95 

,003 ,002 

'434747 
-443407 
-452068 
.460f 28 
-469388 
'478049 

-486709 
-495369 
'504029 
.51269o 
-521350 

.530010 
-538671 
547331 
-555991 
-564652 

.573312 
~581972 
-590632 
-599293 
-607953 

~616613 
-625274 
'633934 
-642594 
-651255 

-659915 
,668575 
-677235 
-685896 
-694556 

e703216 
-71187) 
-7ao53'] 
-729197 
'731858 

746518 
.755178 
'763838 
'772499 
,781 159 

~789819 
,798480 
.807140 
.RlgAoo 
-8,4461 

'833121 
.841781 
.A50441 

-oar 

,433881 
'442541 
-451202 
-459862 
'468522 
'477183 

-485843 
'494503 - 503161 
-511824 
-520484 

'5a9144 
'537805 
' 546465 
'555125 
-563786 

,512446 
.~81106 
-589166 
'598427 
-607087 

,615747 
,624408 
~633068 
-641728 
,650389 

,659049 
,667709 
,616369 
,685030 
,693690 

'702350 
.fl1011 
.7rg671 
'718331 
'736992 

e745652 
'75431 2 
'761972 
'711633 
-180293 

.788953 
'797614 
me06374 
-814934 
.813595 

'831155 
e840915 
'849575 

No. 

-50 
.SI 
'52 
'53 
'54 
'55 

-56 
'57 
-58 
-59 
.60 

-61 
'61 
'63 
'64 
-65 

'66 
-67 
'68 
'69 
.TO 

'71 
'71 
'13 
'7) 
'IS 

.I6 
'I7 
'78 
'79 
'80 

'81 

'83 
'84 

'86 
'87 
'88 
'89 
'9O 

'PI 
'92 
'93 
'94 
'95 

'g6 
'97 
'98 

.859101 

~ooa 

,433015 
-4.11675 
,450336 
-458996 
,467656 
'476317 

'484977 
-493637 
-502297 
,510958 
-519618 

-528278 
,536939 
'545599 
'554159 
-562920 

.571580 
-58ot40 
'588900 
-597561 
-606121 

.614881 
-613542 
*632202 
-640862 
'649523 

.658183 
,666843 
-675503 
-684164 
,692824 

'701484 
'110145 
.718805 
'717465 
'7361a6 

'744786 
'153446 
'761106 
'770767 
'179427 

'78h87 
'796748 
'805468 
.814068 
'Baa729 

'831.309 
'84W9 
,848769 

,009 

.858a36 l:g 

'440809 
'449470 
-458130 
'466790 
'475450 
.484111 

'492771 
'501431 
.510092 
-518752 
.52741z 

,536073 
* 544733 - 553393 
-562053 
'570714 

'579374 
.588034 
-596695 
-605355 
.614015 

-622616 
e631336 
'639996 
-648656 
.6;7317 

-665977 
,674637 
a683298 
-691958 - 700618 
"lo9279 
'717939 
'726599 
-735259 
.I43920 

-752580 
'761240 
.76ggor 
'778561 
.I87221 

-7058R2 
.834542 
.fi13)0z 
,821862 
-83052.1 

,863432 .861566 : .lb4298 .86j1fq 

e007 -006 

.8617oo 

- 

'004 

~85996R 

a008 

-439077 
'447738 
'456398 
-465058 
'473718 
'482379 

,491039 
'499699 
,508360 
-517020 
-525680 

-534341 
543001 
-551661 
-560321 
-568982 

-577642 
e.586302 
-594963 
a603623 
.612283 

,620944 
m629604 
-630264 
-646924 
-655585 

e664245 
.672905 
-681566 
-690226 
-698886 

-707547 
.71b207 
-724867 
-733527 
-742188 

,750848 
.759503 
.I68169 
*776829 
.I95489 

.794150 

.WOZRIO 
-811450 
.820130 
.81R791 

,837451 
-846111 
.854772 

'438211 
-44687 1 
-455552 
-464192 
-472852 
'481513 

-490173' 
'498833 
.so7494 
a516154 
'524814 

,533474 
.542135 
-550795 
-559455 
,5681 16 

-576776 
e.585436 
-594097 
a602757 
,611417 

-620077 
~628738 
-637398 
-646058 
m654719 

-663379 
-672039 
-680100 
-689360 
.698020 

,706680 
'715341 
'724001 
-7.32661 
.741322 

,149982 
-7.58042 
.I67303 
'775963 
-784623 

-793283 
.>01944 
.810604 
-819264 
.817925 

-836585 
.845145 
.853po6 

-005 

e86oP.34 

'439943 
'448604 
'457264 
-465924 
'474584 
'483245 

'491905 
'500565 
-509226 
-517886 
-526546 

'535207 
-543867 
-552527 
-561 187 
-569848 

.578508 
'587168 
,595829 
-604489 
,613149 

-621810 
-630470 
-639130 
'647790 
m656.451 

,665111 
.673771 
-682432 
-6glogz 
e699752 

-708413 
.I17073 
-725733 
'734393 
'743054 

.I51714 

.760374 

.169035 
* 777695 
-786355 

.795016 
-80367h 
.811j36 
.820996 
.829h57 

-838317 
.846977 
.855638 

'437345 
'446005 
~354666 
-463326 
-471986 
,480647 

'489307 
-497967 
.506628 
.515288 
a523948 

'532608 
541 269 
'549929 
'558589 
-567250 

-575910 
-584.570 
'593231 
,631891 
.61055r 

.619211 
627872 
-636532 
.645192 
-653853 

m662513 
-671173 
.679934 
.688494 
-6971 54 

.705814 
'714475 
-723135 
'731795 
.I40456 

,1491 16 
-757776 
.7664.37 
.775097 
'783757 

- 7 9 ~ 1 7  
.801074 
-809738 
.818~9H 
a827059 

-8.157r9 
.844379 
.853040 

-435613 ,436419 
'444273 '445139 
-452934 ,453800 
-461594 -462460 
'470254 -4711~0 
'47891j '479781 

'487575 ,488441 
-496235 -497101 
'504895 ~505762 
-513556 .514422 
-522216 '523082 

.530876 .531742 
'539537 * 540403 
548197 -549063 
-556857 '557723 
.565518 e566394 

-574178 -575044 
-582838 - 583704 
'591498 -592365 
-60015g .601025 
-608819 -609685 

.61)479 -618345 
'626140 -627006 - 634800 -635666 
'643460 ,644326 
-652121 .652987 

- 6 6 ~ 8 1  -661647 
e669441 -670307 
.678101 -678968 
m686762 ,681628 
.6p5422 -696288 

.704082 -704948 
'712743 ,713699 
.fzr403 -722269 
.7.30063 ,730929 
'739724 .739590 

747384 ~748250 
.756044 ,756910 
-764704 .765571 
'773365 *774231 
'782025 a782991 

- 790685 .)91551 
.I9 346 -80021~ 
.8o!bo6 .8oR872 
.A16666 -817532 
'825327 -816193 

'8.13987 
.842647 
-851397 

-834853 
a843513 
-851 I 74 



 oar^. I.] 

S5 = sin 75' = -96595. 

I No. 1 *ooo I -001 I .ma 1 -003 ( -004 I 0 0  I .so6 I 0 7  I ,008 I ,009 INO. I 



CHAP. I.] THEORY AND (!OMPUTATION 

TABLE XI.-Products of Sg x '001 up to S5 x 1 oOOO.  

S, = sin 75' = *96593. 

No. 1 .000. 1 I 1 0 0  1 0 I -004 ( .035 I 006 1 o 1 8 1 9 IN.. 
-491658 
.So1318 
.510977 
m520636 
-530196 
-539955 

-549614 
'559273 
'568933 
'578592 
-588251 

'597911 
-607570 
-617119 
-626889 
~636548 

'646207 
-655866 
e665526 
e675185 
'684844 

'694504 
'704163 
.7138aa 
-723482 
-133141 

~74a800 
'152459 
'761119 
-771778 
'781437 

'191097 
-800156 
-810415 
- 8 2 ~ 7 5  
'819734 

'839393 
'849051 
-858712 
.868371 
.878030 

a887690 
a891349 
'907008 
~916668 
~926327 

-50 
-51 
-52  
-53 
. ~ 4  
'55 

'56 
'57 
-58 
'59 
.60 

'61 
~ 6 2  
-63 
-64 
a65 

~ 6 6  
-6; 
'68 
-69 
-7c 

'71 
'72 

'74 
-75 

-76 
77 
.78 
.79 
-80 

-81 
-82 
-83 
-84 
-85 

-86 
-87 
~ 8 8  
-89 
-90 

.91 

.91 
'93 
.Q< 
-9: 

- 
'50 
-51 
'52 
'53 
-54 
'55 

'56 
'57 
-58 
'59 
'60 

-61 
'62 
'63 
'64 
~6; 

'66 
'67 
'68 
'69 
-70 

'71 
'72 
'73 
'74 
'75 

'76 
'77 
'78 
'79 
'80 

'81 
'81 
.83 
'84 1 
'85 

'87 
'88 
'89 
'90 

'91 
'91 
'93 
'94 
'95 

'g6 
'97 

-488761 
.498420 
-508079 
.517738 
-527398 
.537057 

e546716 
'556376 
-566035 
575694 
-565354 

.595013 
-604672 
'614331 
-623991 
.633650 

a643309 
~652969 
'662628 
.672287 
.681947 

.6916.,6 
-701265 
.71ogzq 
.7?0j84 
.730243 

e739902 
,749562 
'759221 
~768H80 
-778540 

-788199 
797858 
.807517 
.817177 
-826830 

a836495 
a846155 
.I355814 
a865473 
'875133 

a884792 
'894451 
'904!10 
.913170 
'923429 

-913098 
'942749 

-483931 
-493590 
'503250 
'512909 
,522568 
-532227 

'541887 
'551546 
-561205 
-570865 
-580524 

'590183 
,599843 
a609502 
'619161 
-628820 

-638480 
-648139 
-657798 
-667458 
-6771 17 

-686776 
'696436 
a706095 
'715754 
'725413 

'735073 
'744732 
'754391 
-764051 
'773710 

'783369 
'793029 
'802688 
'812347 
.8zzoob 

-831666 
a841325 
-850984 
-860644 
,870303 

'879962 
-889612 
'899281 
'908940 
'918599 

'928259 
'937918 

-482965 
,492624 
e502284 
'511943 
.521602 
,531262 

'540921 
'550580 
'560239 
,569899 
'579558 

.589217 
-598877 
-608536 
~618195 
-627855 

,637514 
'647173 
,656832 
,666409 
-616151 

-685810 
-695470 
.705129 
-714788 
'724448 

'734107 
'743766 
'753425 
,763085 
'772744 

'781403 
'792063 

. .801)az 
.811381 
*821041 

a830700 
,840359 
-8~0018 
,859678 
'869337 

m878996 
'888656 
'898315 
'907974 
'917634 

'9,7293 
'936951 

'9' 
'99 

1'00 

- 

'952407 
-962066 

- -  - -~ 

-489727 
,499386 
'509045 
-518704 
'528364 
.538023 

-547682 
'557342 
567001 
-570660 
-586320 

-595979 
,605638 
-615297 
,624957 
a634616 

-644275 
'653935 
-663594 
'673253 
-682913 

-692572 
.702231 
'71 1890 
.7zrSSo 
'731209 

m740868 
-7~0;28 
,760187 
el69946 
'779506 

,789165 
.79982) 
-808483 
.818143 
.82780a 

-837461 
-847121 
-856780 
-866439 
-876099 

.885758 
-895417 
a905076 
'914736 
,924595 

,934054 
-943714 

'947577 
-957237 

. -. 

'946611 
-956171 
-965930 
-- 

'490692 
-500352 
'TI001 1 

'51~670 
'529330 
'538989 

'548648 
.558jo8 
.567967 
-577626 
-587285 

'596945 
a606604 
,616263 
-625923 
e635582 

-645241 
,654901 
~664560 
e674319 
-683878 

-693538 
-703197 
.712856 
-722516 
-732175 

'741834 
.751494 
-761153 
-170812 
.780471 

.790131 
799190 
-809449 
.81q1og 
,828768 

a838417 
-849087 
m857746 
.867405 
e877064 

-886714 
,896383 
,906042 
. Q I S ~ O ~  
-925361 

'9350ao 
-944680 

'484897 
-494556 
'504215 
~513875 
'523534 
'533193 

'542853 
'552512 
.562171 
-571831 
-581490 

'591140 
-600808 
e61c469 
'620127 
-629786 

,639446 
~649105. 
,658764 
-668424 
-678083 

.697742 
-697401 
-707061 
-716720 
,726319 

'736039 
'745699 
'755357 
-765017 
.774676 

'7e4335 
'793994 
a803654 
-813313 
-822972 

-832631 
-842291 
'851950 
'861610 
'871269 

-880928 
-890587 
'900247 
'909906 
'919565 

'929215 
-938884 

'953373 
-9630.32 

---- 

-486829 
-496488 
'506147 
a515807 
~525466 
,535125 

. j4478j 
'554444 
a564103 
-573762 
-583422 

-593081 
-602740 
-612400 
-622059 
a6317rY 

-641378 
-651037 
m660696 
m670355 
-680015 

-689674 
'699333 
.lo8993 
-718652 
*728311 

,737911 
-747630 
'757289 
0766948 
e776608 

el86267 
795926 
.805586 
.815zjZ 
'824904 

-834564 
.I444223 
-853882 
e863541 
-873201 

.88186o 

.892519 
,901179 
e911838 
'921497 

'931157 
-940816 

-485863 
.495522 
m5051d~ 
,514841 
.524500 
'534159 

'543819 
'553478 
-563137 
'572196 
'582456 

'592115 
'601774 
'611434 
~621093 
.63075? 

'640412 
.650071 
'6j9730 
a669389 
a679049 

.688708 
-698367 
-7080~7 
-717686 
'727345 

, .737035 
-746664 
.756323 
-765932 
a775642 

.785301 
'794960 
-804620 
~H14279, 
,823938 

-833598 
a843257 
.852916 
.86z575 
,872235 

mH81894 
m891553 
.901213 
.910872 
.9io531 

-900191 
'939850 

'9S4339 
-963978 

,487795 
-497454 
'5071 13 
-516773 
-526432 
'536091 

545750 
'555410 
~565069 
'574728 
a584388 

'594047 
,603706 
m613366 
.623025 
.632684 

,642343 
-652033 
~661662 
-671321 
a680981 

a693640 
.700299 
-109959 
.719618 
.I29277 

-738936 
' 748596 
.758155 
-767914 
.777574 

.~H)zJJ 
'796892 
.no6552 
'816211 
,825870 

.8355a9 
e845189 
'854848 
a864507 
.874167 

-883826 
-893485 
-903145 
-912804 
-911463 

'932102 
-941782 

'948543 
'958203 

- 
--------------_ -- 

'950475 
.96or34 

r_=.y_.:.A__---. 

'94950 
a9s916i 

-:-_; 

'951441 
.9611oo 
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TABLE XI1.--Natural Numbers to three plnoes d Decimals cor- 
responding to Logarithms wit11 Indices 6, 7 and 8. 

Logarithms wit11 Index 6 or 3 

Logarithms with Index 7 or 3 

No. 

'03000 
-00050 

'-99 

Nnt. No. I Nat. No. I h'at. NO. 
Net, to 3 places Logs- Nat. I to 3 placee Loca- , h'at. 
No. of Deci- rithma of Deci- rithms , KO. 

mala 1 / mnls i 

Lorn- ' 

rithms 

Natural KO. 
to 3 places 

of Decimnls 

Logarithms with Index 8 or 2. 

Logarithms 

'000 

'001 
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CHAP. 1.1 THEORY A N D  COMPUTATION 

The viluee for January 1 computed by the new formula were in excess of thoee publiel~ed in the  
old edition of the table by 0.0034 in 1023 and 0-004* , in ' 1040. 

TABLE XII1.-Values of N(Longitude of Moon's Ascending Node) 
for 0 hour Greenwich Mean time, January 1. 

Iralue on 0 hour G. M. T., January Ist,  1880=285"~056863. 
Motion per Jl~linn year in 1880=19°-34146248. 
Motion for 365 days= 19'.32822387 and Ior one dny=0°.062954. 

N / /  Year I N I( r e a r  I N 1 Year 1 

The tabular values were accordingly corrected by interpolntion from the above to the new valuee, 
The values may be also obtained froin the N. Ahnanac which will usually be available in time for 

any partioular year's computations. 

1850 
5 1 
52 
53 
54 

1855 
56 
57 
58 
59 

1860 
6 I 
62 
63 
64 

1865 
66 
67 
68 
69 

1870 
71 
7 a 
13 
74 

The values from 1924 onwards decend on the new formula iu pnrrl. 93. They are ehown in  italicr in 
Table XIII.  

I goo 
o I 
o 2 
03 
04 

1905 
06 
07 
08 
C 9 

1910 
I I 
1 2 

13 
14 

191.5 
16 
17 
18 
19 

1920 
2 I 
2 2 

23 
2 4 

TABLE X1V.-Showing the llecrement of N (Longitude of 
Moon's Ascending Node) since O hour J a o u a i , y  1 u p  to  Midnight of 
each Day throughout  the Year. 

Doily Motion=O0.C529639C2CO (ncw rnluc.) 
In Leap yeare for nll dates after February 28-March 1, use n mean vnlue between the particular dny 

and the day following. 

h t e  I Decre. IF[ Decre. 1 1  Date FDrors.llLl Uecre. I /  Date 1 Decre. I( Date 

0 

146.1745 
126-8462 
107.5180 
88.1368 
68.8086 
49'4803 
30.1521 
10.7709 

351.4427 
332.1144 
312-7862 
293 '4050 
274-0768 
254-1486 
235.4203 
216-0391 
196.7109 
177-3821 
158,0544 
138-6733 
119.3450 
100~0168 
80.6886 
61,3074 
41'9792 

JAN. 
1-2 

2 - 3  
3-4 
4-5 
5-6 
6-7 

9-10 

---- 

0 

259'1277 
239'7995 
220.4713 
201 ' 1431 
181.8148 
162 '4337 
143' 1055 
123-7773 
I04'449O 
85.0679 
65'7397 
46-41 15 
27.0833 
7.7021 

348'3739 
329'0457 
309'1175 
290.3363 
271 -00.91 
251-6799 
232'3517 
212'9705 
193-6423 
174-3141 
164.9894 

1875 
76 
7 7 
78 
7 9 

1880 
81 
8 2 
83 
84 

1885 
86 
87 
88 
89 

1890 
91 
9 2 
93 
94 

1895 
96 
97 
98 
99 

- -- - 

N.B.-ln Table XIV. The middle of t l ~ e  yrnr of ol,eervntions ~111 occur nt noon or midnight 
Moording ne the 10th Febr~iary ia inclncled in the period of observations or nnt. If the midnight fallr on 
! date in n common year, or before tho 28th Fel,runvy in t~ l e ~ .  year, tllell the Decrement for Nan gi*n 

the Table is correct: if, however, the mtdnrgh+ fr~lls after t i e  20th February in a leal, year, then 
M e  the value as  that give11 for the saccerding dots in the Table. 

1925 
26 
27 
28 
29 

1930 
31 
32 
33 
34 

'935 
36 
37 
38 
39 

1940 
41 
42 
43 
44 

1945 
46 
47 
48 
49 

-- 
0 

22.6509 
3'3227 

343'9415 
324'6133 
305.2851 
285.9569 
266.5757 
247' 2475 
227.9192 
20S'.5910 
189-2098 
169.8816 
I50'5534 
131-1252 
I I I -8440 
92.5158 
73' 1876 
53.8593 
34'4782 
15~1500 
355-8211 
336-4935 
317.1124 
297-7841 
278'4559 

0.0265 
0.0194 
0.1314 
0.18~3 
0.1383 
o.ag12 
0.3441 
0 2  
o.4501 
0.5031 - - _ . 

0 

136.6082 
116.2801 
96.9619 
77.6237 
68'24% 
38.9144 
19.6853 
0.26811 

S4Ou).8770 
391-6488 
302.2806 
282.8926 
263.6113 
244- 1832 
224. 85t0 
2 0 ~ ~ 6 2 6 ~  
186.1467 
1G6.8176 
147.4894 
1~8.1612 
108.7801 
89.4619 
70.1238 
6 0 - 7 9 ~ ~  
31.4146 

O 

1.0956 
1.1185 
1.1qrs 
1.2444 
ln1q74 
1.3503 
1.4033 
1.lj62 
1-5ogz 
1.5611 - - 

JAN. 
31-32 
E'ER. 
1 - 2  

2-3 
3 -4 
4-5 
5-6 
6-7 
7-8 
8-9 

- 

JAN. 
11-22 
22-23 
aj-24 
24.25 
25-16 
26-97 
17-10 
18-29 
29-30 
v 3 1  - 

JAN. 
11-12 
12-13 
13.14 
14-15 
15-16 
16 17 
17-18 
18-19 
19-10 
20-11 
-. --- 

O 

0.5560 
0.6090 
o.66rq 
0'714Q 
0.7678 
0.8203 
0.8737 
0.9267 
0.9797 
1.0326 ___ - 

O 

1.6151 

1.6680 
1'7210 
1'7740 

Fsn.  
9-10 
10-11 

r l  1 2  
11.13 
13-14 

O 

9.0911 
1.1446 
1.1976 
2'2505 
2'3035 

1.8269 
1.8199 
1.932H 
I-QUSB 
2.0187 

-__-- 

2.3565 
1'4094 
6 
2.5153 
9.5683 

14-15 
15-16 
16-17 
17-18 
18-19 - 

FEB. 
19-20 
10-21 

11-11 
29-13 
13-14 

O 

2.6212 
1.6742 
1.7271 
2.7801 
2.8330 

24-25 
25-26 
6 
a7 28 
18-29 

2.8860 
1.9389 
1.9919 
3.0449 
3.0978 
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TABLE X1V.-Showing the  Decrement of N (Longitude of Moon's 
Ascending Node) since 0 hour January 1 up t o  Miduight of each 
Day throughout the  year-(co~zliqz~lecl). 

Daily Motion = 0°.05295392220 (new value). 
In Leap Years for all dates after Februnry 28-Mnrch 1, use a mean value between the particular 

day nnd the day following. 

C 

If the m3n falls in a common year or before the 28th Febrnarp, in s leap year, the value to be 
taken from the Table ie the mean between the preceding and ,~cccecding midnights; but if the noon fallm 
+tar the e8th Pebmary in a leap year, the mean between the values for the two  midnight# immtdi' 
atrly follevinv is to t e  taken. 

Decre. I -------- 
O 

8.6050 
8.6580 
8.7109 
8.7639 
8.8168 
6.9698 
8.9227 
8.9757 
9.0386 
9.0916 
9.1346 
9'1875 
9-240j 
9'2934 
9.3464 
9.3993 
9.4523 
9'5052 
9.5582 

9.6111 
9.6641 
9'7170 
9.7700 
9.8230 
9.8759 
9'9289 
9.9818 
10.0.318 
10.0877 
10.1407 
10.1936 
10.2466 
10.2995 
10.3525 
10.4054 
10.4584 
10.5114 

Date 

JUNE. 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 

31-22 
22-23 
23-24 
24-25 
25-26 
26-27 
27-28 
28-29 
29-30 
30-31 
JULY. 
I -  2 

a- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8. 9 
9-10 
10-11 

11-12 

12-13 
13-14 
14.15 
,916 
16-17 
17-18 
18-19 

Decre. 

0 

5.9044 
5'9573 
6.0103 
6.0632 
6.1162 
6.1691 
6.2221 
6.2750 
6.3280 

6.3809 
6.4339 
6.4869 
6.5298 
6.5928 
6.6457 
6.6981 
6.7j16 
6.8046 
6.8575 
6.9105 
6.9634 
7.0164 
1.0593 
7.1123 
7.1753 
7.2282 
1.2812 
1.3341 
7.3871 
7.4400 
7'4930 
7.5459 
7.59%) 
7.6518 
7.7048 
7.7577 
7.8107 

Date I 
Aoo. 
2 - 3  
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9-10 
10-11 
11-12 
12.13 
13-14 
14.15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 

21-22 
22-23 
23-24 
21-25 
2;-26 
26-27 
27-28 
28-29 
29-30 
30-31 
31-32 
SEPT. 

I -  2 

2- 3 
3- 4 
4- 5 
5 -  6 
6- 7 
7- 8 
8- 9 
9-10 

10-11 
11-11 
11-13 
13-14 
14-15 
15.16 
16-17 
17-18 
18-19 
19-20 
ao-21 
11-22 
21-23 

1)ecre. 

O 

16.7699 
16.8129 
16.8658 
16.9188 
16.9717 
17.0247 
17.0776 
17.1306 
17.1835 
17.2365 
17.2895 
17.3424 
17'3954 
17.4483 
17.jo13 
11.5541 
17*607z 
17.6601 

17.1131 
17.7660 
17.8190 
17.8719 
17.9249 
17.9179 
18.0308 
18.0838 
18.1361 
18.1897 
18.2416 
18,2956 
18.3485 
18.4015 
18.4544 
18.5074 
18'5603 
18.6133 
18.666.1 
18.7191 
18'77l' 
18'8251 
18.8781 
18.9310 
18.9840 
19'0369 
19'0899 
19.1428 
19.1958 
19'1488 
19.3017 

---- - 

Decre. I 
O 

14-);93 
14.1122 
14.1652 
14.2181 
14.2711 
14.3240 
14.3770 
14'4299 

14.4829 
14.5359 
14.5888 
14.6418 
14.6947 
14.7477 
14.8006 
14.8536 
14.9065 
14'9595 
15.0124 
15.0654 
15-11H3 
15.1713 
15.2243 
15.2772 
15.3302 
15.3831 
lj.4301 
~j-48yo 
15.j420 
I j. 5949 
1j.6479 
15.7008 
15.7538 
15.8067 
15-8597 
15.91a7 
15.96j6 
16.0186 
16.0715 

16.1a45 
16.1771 
16.2304 
16.2833 
16.3363 
16.3892 
16.4422 
16.4951 
16.5481 
16.6011 
16,6540 
16.7070 

1 

, 
I 

Date 

APR. 
22-23 
23-24 
24-25 
25-26 
26-a7 
27-28 
28-29 
29-30 
30-31 
MAY. 
I- a 
2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17 18 
18-19 
19-20 
20-21 

21-22 
22-23 
23-24 
24-25 
25-26 
26-27 
27-18 
18-29 

Decre. 

O 

11.30;~ 
11.3586 
11.4116 
11.4645 
II'51,5 
11.5704 
11.6234 
11.6763 
11.7293 
11.7822 
11.8352 
11.8882 
ll'9411 
11.9941 
1z.0470 
12.1000 
12.1;29 
12.2059 
12.2588 
12.3118 
12.3647 
12.4177 
12.4706 
12.5236 
12.5766 
12.6295 
12.6825 
12-7354 
12.7884 
12-8413 

12.8943 
12,9472 
13*0002 
13.0531 
13.1061 
13'1590 
13.2120 
13.2610 
13'3179 
13-3.109 
13.4238 
13.4768 
13.5197 
13.5827 
13.6356 
13.6885 
13.7415 
13.7945 
13.847j 
13.9004 
13'9534 
14.0063 

MAR. 
1 - 1  

2- 3 
3- 4 
4- 5 
5- 6 
6. 7 
7- 8 
8 - 9  
9-10 

10-11 
11-12 
12-13 
13-14 
14 15 
15-16 
16-17 
17-18 
18-19 
19-10 
1021 
11-la 
22.23 
23-24 
24-25 
as-26 
26-17 
17-18 
18-29 
29-30 
30-31 
31-31 
APR. 

1 -  2 

2- 3 
3. 4 
4- 5 
5 -  6 
6- 7 

Date 

ROY. 
13-14 
14-15 
15-16 
16-17 
11-18 
18-19 
19-20 
20-21 
21-22 
22-23 
23-24 
24-25 

,.25-26 
26.27 
27-28 
28-29 
29 30 
30-31 
L)Ec. 
I -  2 

2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 

:I: 
10.11 
11-12 
12-13 
13 14 
14-15 
1-16 
16-17 
17-18 
18 19 
19-20 
20-21 
21.22 
22.23 
23-24 
24-25 
15-26 
26-27 
17-a8 
18.~9 
29-30 
30-31 
31-32 

--- 

Date. 

SEPT. 
23-24 
24-25 
2;-26 
26-27 
27-28 
28-29 
29-30 
90-31 
Oct. 
I- 2 
2- 3 
3- 4 
4- 5 
5 -  6 
6- 7 
7- 8 
8- 9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
2 1 - 2 2  
22-23 
23-24 
24-25 
25-26 
26-27 
27-28 
28-19 
29-30 
30-31 
31-32 
NOV. 
I -  2 

2.3 
3. 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9-10 
10.11 

I 
12-13 

7.8637 
7.9166 
7.9696 

8.031; 
8.0755 
8.1184 
8.1814 
8-1343 
8.2813 
8.3401 
8.3931 
8.4461 
8.4991 
8.5511 

19 20 1 10.5643 
20-21 110'6173 

0 
30-31 
31-32 
JUNE 
1 - 1  

a- 3 
3- 4 
4- 5 
5. 6 
6- 7 
7- 8 
8- 9 
9-10 

10-11 
1 11-11 

7- 8 
8 - 9  
9-10 

10-11 
11-12 
12-13 
13 14 
14-15 
15-16 
16-17 
7-18 
18-19 
19-10 
30-11 
31-11 

-- 
O 

3.1508 
3'2037 
3.2567 
3.3096 
3.3626 1 
3.4155 
3.4685 
3.5214 
3.5744 
3.6273 
3.6803 
3'7333 
3.7862 
3.8392 
3.8921 
3.9451 
3.9980 
4.0510 
4'1039 
4.1569 
4.2098 
4.2628 
4'3157 
4.3687 
4.4217 
4.4746 
4.5276 
4 . 5 ~  
4.6335 
4.6864 
4.7394 

4'7923 
4'8453 
4.898a 
4.9511 
5.0041 
5.0571 

a]-22 
22-23 
23-24 
14-25 
15-26 
a6-17 
17-28 
28-29 
29-30 
30-31 
31-31 
Avn. 1 I -  1 

5.1101 
5.1630 
5.2160 
5.1689 
5.3119 
5.3748 
5.4V8 
5.4807 
5.5337 
5.5866 
5.6396 
5.6925 
5.7455 
5.7985 
5.8514 

i 

10.6702 
10.7231 
10.7761 
10.8a91 
10.8820 
10.9350 
10.9979 
11.0409 
11.0938 
11.1468 
11.1998 

11.asa7 



CHAP. I.] THEORY AND COMPUTATION 

TABLE XV.-Values of p, (Mean Longitude of Solar Perigee) for 
0 hour, January I .  

p, fo r  0 hour ,  J anua ry  1 ,  18RO=280°.874802. 
Mot ion  p e r  Ju l i an  year=  0"-01710693. 
Motion f o r  365 days=0°.01709295. 

T h e  values fro111 1021. onwards depend on  t h e  new formula i n  para  05. They ure shbron in italic8 
in Table XI'. 

Tile vnlues for  .Jan. l e t  c o ~ ~ ~ ~ l l t e d  by t h e  new formuln mere i n  excess of t l ~ o s e  published i n  t h e  o ld  
edition of t h e  teble by 0.0055 ill 1923, 0.0062 in 1938 a n d  0.0075 i n  1919. 

~ e n r  I p l  

The  tabular  values were accord i~lg ly  cor rec ted  by interpolat ion from t h e  above t o  t h e  new values. 
Theme values mny aleo be obtniued f rom t l ~ o  N. Almanac which will ueuc~lly be ovsilable i n  t ime for 

any particular year's c o m y ~ ~ t n t i o n e .  

1850 
51 
5 2 

53 
54 
55 
56 
5 7 
58 
59 

I 860 
6 I 
62 
63 
64 
65 
66 

2 
69 

1870 
7 1 

7 2  

73 
74 

TABLE XV1.-Increment of 11, since 0 hour, J a n l ~ a r y  1, for certain 
Days of the Year. 

PI 

0 

281-6606 
• ti678 

7021 
7194 

-7366 
-7638 
7709 
1882 

-8054 
sf7226 
-8397 
,8670 

-891.7 

-3867 
..9429 I 
,9602 1 
-977-3 
,9946 

888-0117 
-0290 
-3461 
0634 

y e a r  / 
-- 

1925 
o I 26 

Motion for  1 day  =OY~00004706845 (new formula).  

280.3614 1875 280.7892 
'3785 76 

2 7 
28 
29 

1930 
31 
32 
33 
34 
35 
36 
37 
38 
39 

1940 
4 1 

4 2 
43 
44 
45 
46 
47 
48 
49 

-251.3 
0.3 O2 ' ~2684 
04 -2855 
05 I ..302'1 
06 1 '3198 

a6010 
.6181 
'6352 
'6523 
-6694 
-6866 
'7031 
. I  201) 

'7379 
' 7550 
' 7 7 2 1  

07 
08 
09 

1910 
I I 

1 2  

13 
'4 
15 
16 
17 
18 
'9 

1920 
2 I 
2 2  

23 
24 

-- -- 

Dnte / Inr remeut  11 Dnle I I nc r emen t  I /  Dntr I Increment  11 Date I Inare loent  

-3369 
'3540 
.37 11 
1882 

. b 5 4  
'4225 
-4396 
-4567 
'4738 
'4909 
-5081 
'5252 
'5423 
'5594 
-5766 
'5937 
~6108 
-6386 

I 

89 
1890 

91 
92 
93 
94 
95 
96 
97 
98 
99 

Jail- lo 
,, PO 

30 
&b. 9 

'9 
ni'nr. 1 

, ,  I I 
1, 2 I 
* D  31 
- 

-0289 
-0460 
-063 I 
-0802 
'097.7 
'1'44 
-1.7'5 
1qH5 - 1659 
.1829 
a 2 0 0 0  

0 

0.00041 
.ocol)g 
' ~ 1 3 6  
.oo183 
.ool29 
.00276 
-oog?3 
'00370 
-00417 

0 

0.01307 
'01353 

: O I ~ O O  

' 0147  
'01494 
. o r ~ q r  
-01588 
-01634 
.or681 

I 
Apr. ro 
,, 20 

30 
M I I ~  lo 

1, 2 0  
,, 30 

Juuc 9 
,, 19 
11 29 
-- 

Ju ly .  () 

,, 19 
,, 29 
bug. 8 
,, 18 
,, a8 

Sept. 7 
, 17 
,, a 1  

-- 
0 

0,00464 
'00510 
'00557 
-00604 
-00651 
.00698 
.oo7)s 
a00791 
-00838 

0 

0.00885 
~ ~ 9 . 3 2  
.@3979 
.or 36 
.01&2 
-01 119 
.o1160 
-01213 
-01a6o 

I 
Oct. 7 
,, 17 
,, 27 

Nov. 6 
,, 16 
,, 96 

I ~ c c .  6 .. 16 
,, 26 



TABLI~ XVI1.-Values of I, v and f ,  corresponding to N. 

N.B.-I ia always posit.ive. When N is between 0" and 180°, v and 4 are yomilive; 
when N ie between 180" and 360', v nnd 4 are negative. 



THEORY A N D  COMPUTATION 

TABLE XVI1.-Values of 2, v and E, corresponding to N-(Cotrtinued). 

N.B.-I is always positive. When N is between ooand 180n, v and are positive ; when 
vis belween 1W and 360e, r and E arc negative. 



TABLE XVIII. (I)-Values of I// and f corresponding to various 
values of 1, to be used in computing H and R for the Tides hl,, N, 
!2N, v ,  MS, 2SM and Luni-Solar fortnightly. 



C H A P .  I . ]  TIIEORY A X D  C o ~ ! r u ~ a ' r ~ o ~  

TABLE XVIII. (a)-Values of 11f and f corresponding to  various 
values of I, to be used in computing Hand R for the Tides 0 and Q. 
Also used in  determining rlf for the 'I'ide MI. 

Argurnent ~ l f =  Sin w Coss ) w Cod 4 i 
Sin I Cos9 4 f 

Values of 
I 

180 18' 30" 
18.4 

-5 
06 
.7 
.8 
.9 

19" 
.I 
.a 
-3 
.4 
5 
.6 
-7 
-8 
99 

a 0 4  
- I  
-1 
93 

-41 -1 

1.241 26 
,23563 
'22951 

4 ,12561 495 -68842 $; 6 -5 2 9  -89231 .7 
-6 
a 7  
.8 
-9 

a10 
.I 
*2 
-3 
-4 
.s 
-6 
9 7  '9 
-8 
'9 

a a a  -2 
I 

4 '95731 
377 -4 -3 -04047 

qo+ 375 -5 6 

61 a 
601 

'92497 299 -081 I 2 ,"' 

'4 
.S 
6 
-7 
-8 
'9  

23.0 
*I 
4 
3 
-4 
5 

'92198 '91902 
.g1&8 

0.80563 
'80932 
-81333 

-93009 

353 a7055 353 
'93 103 

-22350 -81 734 401 

I 

"9435 565 -18870 -84126 397 
557 -18313 434523 ?$ .S 

*'7762 *84919 
391 

.6 

63643 
."3241 
.OZBJS 
.0245I 
.o1061 
'O1~7.5 
61292 
'mlS 
m539 
-167 

0,99799 
a%wN 

'17214 
-16676 
.16142 
-15614 
*1~0g2 
'14573 
~14064 
-13557 

293 349 
347 

.I 0203 

'90458 ,*I 
'W177 280 

'10894 345 
-1 1139 344 49897 275 

,84547 -18a77 

2# 
'94 

401 

402 

394 

:: 
383 
377 
376 
372 
368 
365 

23O.5 
a6 
'7 

e130.56 -884.53 -5 

'85314 

~ 8 1 6 3  
9608812 
-09161 

538 
534 

351 

z: 

'95486 
'Nffil 
-9723.5 
.97Gc,8 
,97981 
'g8353 
'98725 
'9W95 
,99464 
' 9 ~ ~ 3 4  

1 ~ 2 0 2  
.00569 

085708 
*%IOZ 

375 
374 
373 

372 373 
372 
370 
369 
370 
368 
367 

528 086496 
46889 

519 a87281 
a87672 
.88062 

-7 
.8 
-9 

28.0 
'I 
~2 
-3 
'4 
5 
-6 

,go 36' 6" 

394 
394 

'7 
-8 
-9 394 

391 
Jgo 
391 

25.0 
-1 
-2 

-3 
'4 



CHAIB. I.] THE T I D ~  

TABLE XVIII. ())-Values of 11f and f corresponding to various 
values of 1, to  be used in computing H a ~ ~ d  R for the Tide J ;  and for 
determining kl, used in the preparation of Table XVIII. (6). 

Argument IV= Sin a1 Cos ar (1-3 Sin* ii) 
Sin I Cos I 



CHAP. 1.- THEORY AND COMPUTA'~ION 

TABLE XVIII. (4)-Values 01 ~/f and f corresponding to various 
values of I, to be used in computing H and R for the Tide Mf. 

Argument 1 1 f - B ~  
Sin' I 

Val~~es of 
I 

18' I 8' 30" 
18.4 
.5 
.6 
-7 
-8 
.9 

19.0 
.I 
.Z 

.3 
-4 
-5 
.6 
-7 
-8 
.9 

20.0 
.I 
.2 

-3 
.4 
.5 
.6 
.7 
.8 
.9 

21.0 
.I 
.a 
-3 
.4 
-5 
-6 
-7 
-8 
.9 

22.0 
.I 
.2 
-3 
.4 
-5 
-6 
.7 
a 8  
-9 

23-0 
.I 
.2 

-3 
,4 
-5 

IF 

1.59903 
-5'377 

m \  
8 -  
0 0  

fa 
!3 O 

n; 

1657 

-51937 1543 
-48865 

'7 
-8 

-2 

I 
'2 

'3 
'4 
'5 
-6 

'9 

'I 

-88935 771 
'2 

I 140 -89706 '3 
.10527 953 ,00478 ;$ '4 939 a9588 925 -91254 778 '5 

.6 .of4553 sgao3a 
780 '7 '07745 ggg 

-92812 
784 4847 ha -93596 186 -8 

*s955 g78 '94382 789 -9 
Q5077 ,95171 28.0 866 

,95963 ;;: .04al 1 -1 

w3352 841 '96756 798 4 
a0251 I .97554 g,, .? 
'01677 834 .98314 8.3 .4 
5 4  ::: ,99156 &,6 f 

mD43 805 1.~768 'm2 806 2r p sm 
0.99238 

0.62538 
,63145 

Values of 
z 

23O.5 
-6 

82 
c 0 

pi 
5 O 

02 

6,j3 
97667 
'96895 

-95378 
-94638 
'93903 

-02392 
'03207 
64026 
564846 
565670 
-06495 

$: 
761 
756 
740 
T35 
724 

815 

:lz 
825 
&,g 

869 
869 
874 

-7501 o 
,74506 Sol -34a21 

904 

m *  
Uu. 

8 O 

'73514 
'73025 
'72542 
,72065 
'7'59l 
'71 12s 
-70662 
,70205 
.So752 
~~9303 
-68859 -ms, 

P 

1433768 
.01579 

0.99238 
-98450 

& S  rn 0 ." 
ai 

gll 
813 

i35 

4 8 ~  
483 
477 
474 
466 
463 
457 

4 4  

'3&33 
96942 
-37853 
'~87~7 
'39683 

m415.1 
.40602 

.42444 
-43369 
.ua9s 
.453a4 
,45239 

909 
911 
9,4 
916 
919 

gq 
919 

i:i 
919 



~ -- 

C l i ~ l ~ .  I.] THE TIDES 

TABLE XVIII. (5)-Values of r l ' a n d  f corresponding to various 
values of 1, to be used in comput ing  H and R for the  Tide Mm. 

( I - f  Sintw) (1-0 Sinai). 
Argument ]If-- 

r -* Sin' I 

Values of L 
u)- 

8 3  
0 

E 
e 

I// Ed" g Values of 

!!! 
I g i  

0 :  



CHAP. 1.J TEEORY A N D  COMPUTITIOX 

TABLE XVIII. (6)-Values of r l f  and f corresponding to various 
values of 1, to be used in computing H and K for the Tide K1. 

1.46407 x k1 Argument 11 f= Sin w Cos w (I-*Sin2i) 
( I + (0'46407 x k I ) h  o.gzS14k~Cosy 

where kl= Sin I Cos I 

2 2  
L d  5: 
G: 
QS 

226 
226 

Values of 
I 

18' 18' 30" 
18.4 

'5 

I : 
-8 
'9 

190 
'I 
*2 
'3 
'4 
5 
6 
'7 
.8 
9 

20'0 
-I  
-1 

'3 
-4 
'5 
*6 
'7 
~8 
'9 

21 a 
'I 
'1 

'3 
'4 
'5 
6 
'7 
.8 
'9 

aa-0 
'1 
'1 
'3 
'4 
'5 
-6 
'7 
08 
9 

2 $0 
'I 
'1 
-3 
'4 
'5 

~ 4 1  

&< s L 
n.2 

224 
223 

I// f 

1.00383 
d o g  

C% 

1434424 0.98165 23O.5 
6 

0~99619 
,99395 

-7 
a8 
-9 

24 '0 
' 1 
@2 

.I 1035 '3 
-107.10 '4 

-5 '10448 290 
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CHAP. I.] THE TIDEB 

TABLE XVIII. (7)-Values of rlf and f correspot~ding to various 
values of I, to be used in computing H and R for the Tide K,. 

Argument I /  f= 1'46407 x k1 Sinlur(1-iSin2z) 

{ I + (0'46407 n kt)l + o.g~S14kgCos2u 1 4 where kl= 
Sill9 I 

Values of 
I 

18" 18' 30" 
I 8.4 
-5 
6 
'7 
-8 
-9 

I 9.0 
-1 
.a 
-3 
'4 
-5 
6 
-7 
-8 
-9 

20.0 
.I 
.2 

-3 
'4 
-5 
4 
-7 
.8 
-9 

91.0 
I 

.a 
-3 
'4 
-5 
6 
'7 
.8 
9 

2 2 9  
'1 

.2 

.-l 

.4 
-5 
-6 
'7 
.S 
'9 

2 3 0  
- 1  
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CHAP. I.] THEORY AND COMPUTATION 
- 

TABLE X1X.-Values of v' corresponding to I, to determine initial 
argument of Tide K,. 

Sin v 
where k1 = Sin w Cos w ( I  - Sing i) 

Tan '' = Cog v + 0.46407 X kl 
d. 

Sin I Cos I 

N. B.-In the above table V' is positive when N is between oOand lSoO, and negative when Nis 
between 180" end 360 '1 thur it 1, necessary to obrerve what is the value of N, because I is always 
poritive. 



TABLE XX.-Values of 2vN corresponding to 1, to determine initial 

argument of Tide K,. 

Sin 2v Sin' w (I - % Sin3 i) 
Tan 2v" = where &a 3 

Si na I Cos 2y + 0'46407 x k2 

N. &-In the above table zv" is poritive when N i s  between o0 and I&", and negative when N 
180' and 360"; thus it is necasary to o k r v e  what is tha value of N, because I is always 

poritive. 





CHAP. I.] THE TIDEB 



THE TIDES 

CHAPTER I1 

Tidal Observations 

I .  I n  order to  obtain data for harmonic analysis, i t  is necessary, in 
the first place, to  determine the  heights of water a t  any  port above some 
fixed mark or datum for every instant of time, for a more or less extended 
period, in order to  obt,ain values of tidal constants for the  purposes of 
prediction of tides, by means of harmonic analysis. 

Practically the  determination of the tidal heights a t  any  station 
enables zeros of level to  be fixed for purposes of survey, and affords dat,a 
for the calculatioll of the  ~ i s e  and fall  of the  tides a t  a future period. 
The tide tables prepared by means of these data subserve the  purposes 
of navigatioa. 

2 .  'I'idal heights can be read direct on a graduated tide-pole 

Tide-poles. 
erected in the sea, but as  t,he latter is continually 
being disturbed by waves, observations taken on a 

pole are not very accurate. 

'I'he measurements can be better obtained by means of rt Self- 
Registering Tide-Gauge of which there are several 

Self- Regislering 
Tide-gauges. 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 tlle 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 ellowed 
to work is five years for minor stations, as this is considered suffi- 
ciellt to  give a fair representation of the  tidal oscillation8 a t  any 
place, and permanently a t  other stations, or a t  l e a d  as long as 
the general tidal operatioos last, and certainly not less than nineteen 
years, 18.6 years being the period of revolution of the moon's  node^, 
wllicll rcs~llts in creating a certaiu tide wllich is expected to give valu- 
able information with regarc1 to the rigidity of the earth. It is of the 
utmost importance tha t  as few interruptions as possible may occur in the  
observations, and when they do occur tha t  they may be of short dur- 
ation ; otherwise tile method of il,terpolation employed in filling up t,he 
breaks fails, and a more complicated and less satisfactory one has ts be 
adopted. 



3. The choice of a s i te  for  t he  erection of a tide-gauge depends so 

much on local circumstances t h a t  a careful recon- 
Belection 01 a site 

for a tid e-gauze. naissance of t he  fore-shore is a necessary preli- 
u u 

minary t o  t h e  selectioll of t he  best of the generally 
l imited number of suitable posit,ions. 

T h e  gauge should be placed so a s  to obtain a fair  representation of 
t he  tidal oscillations of t l ~ e  surrouncling area, and t o  secure this i t  is neces- 
sary, (1) t h a t  the  sea slionlcl have direct communicatiorl with the gauge, 
and not approach i t  thi'ough to]-tuous channels, (2) t h a t  t he  spot chosen 
should be slleltererl froin heavy weather, and  (3) t h a t  there should be 
at least 5 feet  a t  lorn-117ater a t  t he  cyliuder. For  example, a good posi- 
t ion would be the  end of a pier or jetty,  or the  wall of a dock. It must, 
however, be pointed o a t  t h a t  a position in a cove or in a minor bay a t  the 
head of a large bay, thong11 i t  ma.)- appnrently answer the  above require- 
ments, is not  a good one for a tidal observatory, as  experience shows that, 
at stations wl~e re  the  range is s n ~ ~ l l ,  (as i l l  t he  south of India),  the tidal 
curves, recordecl a t  such a site, often present a zig-zag appearance all along 
t h e  rise and  fall.* Thc  ir1-rgrilaritics n1.e certainly not cal~secl by rough or 
lumpy water ; because it llas f r ~ < ~ ~ i e l ~ t l ~  been noticed tha t  they were be- 
i n g  registered inside the  float c ~ l i n d e r  a t  t imes when the  surface of the 
water outside was perfectly smooth, and no swell or ripple was apparent 
t o  t h e  eye. There seems t o  be a slow throbbing or palsatory action 
going  on in ~ 1 1 ~ 1 1  localities, during both rise and  Fall, which the eye 
does no t  readily de tec t ;  for  instance, dur ing  a rising tide the recording 
pencil will remain stationary, sometimes for  nearly five minutes, and 
then gradually fall for  two or t111.e~ minutes t o  an  extcnt  representing 
2 or  3 inches in ac t r~a l  fall of tide, tllrn ar.ain 1.emait1 stationary for 
lc few miniites, and aEter\valrls lnove 111' on tile rise. This will be 
repeated a t  intervals dilring the errt,irc risiug of the title, and the same 
th ing  will recur in reversed ordcs clllring t l ~ e  fall of the  tide. I n  tidal 
rivers no ~ u c l ~  pecnliaritiee have as  yet been met  with. 

When  n station llas been selected near deep water, a vertical 
cylinder is fixed in the water in snr*h a wnv as to aclmit i t  only through 
holes small enough to  annul  wave-motion ant1 large enough to cause 
no sensible retardation of i ts risc and fall in the  cylinder. 

4. A t  several observntori~s commiinication between the cylinder 
and the  sea was obtained by means of a connecting pipe, a s  explained in 

_ .---- 

a ' Thi~. !)ht~nornenor~. howevrr, ie not confined to cover, for at Madras and Bushire, 
both exposed positions, the cliagrnms R1.e rnoet. irregular. . 







Chapter I V  P a r t  I, G. T. Sni.vey Vol. XVI. Tliis metl~ocl is not  t o  
,be recommended, a s  the  pipe is liable to  ge t  blocliecl. 

The tide-gauge which has recently been installed a t  Basrah by 
the Port Authorities, was made by  3lessrs Glentielcl and  Kennedy. It 
is worked on this principle of having a pipe connection witah the  river, 
which as stated above, is not a satisfactory one. I t s  diagrams are  more- 
over on too small a scale for  accurate readings. 

5 .  The gauge  in use at I'rioce's Dock, Bombay, is now cnly main- 
tained by tlie Port Authorities for  their ow11 requirements. A ful l  
clescril~tion of this pat tern of instrument is given on page 16 Chapter 111. 
Part 1, G.T. Survey Vol. XVI. 'l'liis gauge has not worked satisfactorily 
in the past. lia\ling too frail  \\lorking parts  ant1 too con~plicated inech- 
aniem. Tlie float end bancl tends to  l # \ ~ i s t  and the paper gets  torn by 
the recording pencil. There are  no ncljust ments for  the height of the 
latter, and the diagram is on too small s scale. hleasnreineots cannot 
be taken while the instrument is \vol*lring, a~icl breslis in registration are  
not noticed till the  diagram is removed. 

6. The  pattern of t ide-ganse used a t  the  7 working ports, . viz : 
Aden, K a r ~ c h i ,  Al,ollo-13andar (Uomba,j-), Madras, Kidderpore, Rangoon 
and bTorllnlein, is lrnown as  Ne~vman 's  pattern. Its distinguishing 
characteristic is t h a t  i t  is ~,rovicletl witlr a very long drum,  whereby the  
curves are delineated on co11l~)nrati\7ely large  scale^ alterable a t  will. It 
i~ superior t o  t,he ot>her patterns a1lc1 a clescription of i t  is given below. 

Gclzeral deso ipfioll.--.'I'o facilitate tlie detailed description, i t  will 
be best to  begin with a general accor:nt of the  instrument.  

Tlie motion clue t o  t he  rise and fal l  of the  water is directly 
communicated t o  a float l~ar t ia l ly  iinmei.srd ill it, and in order t h a t  t he  
float mamy be freer1 as  far  as  possi1)le fro111 ~ ~ s v e  action, i t  is surrounded 
by a cylinder int,o whiclr the  ndn~isaioo of the  water is so regulated, 
t ha t  there is no sensible r ~ t a ~ . d a t i o n  bet\\~een its rise ant1 fall  in the  
cylincler aild outsitlc. T l ~ c  float resting 011 the water inside tho 
cylinder rises and falls ~vi t l i  the title, miicl t o  tlie float is attached a 
copper ' band ' wl~ich  llasses over a wheel called the  ' stud-wheel '. 

The  rise and fall of the ' float ' communicates motion t o  the  
' stud-wheel ' hy nie:~ils of the  ' band,' and t l ~ c  ' stud-wheel ' in  turn,  
by means of a projecting axle 011 which is fastened a ' toothed-wheel,' 
conlmunicates motion to  another ' toothed-wheel.' On  the same axis 



as t h e  latter,  and  consequently moving wi th  i t ,  is another wheel 
round which a flexible ' chain ' is passed, one end of which is ,  
attached t o  t h e  wheel a n d  the  other t o  t he  ' pencil.' The  ' chain ' 
is kep t  t a u t  b y  a ' counterpoise weight  ' t.0 ensure the ' pencil ' 
following the  movements of t he  ' float.' 

T h e  ' pencil ' moves 1ongit.nclinally along a cylindrical ' drum ' 
touching t4he surface with i t s  po in t ;  t he  'clrum ' revolves once 
in  24 hours b y  means of ' clock-work ' at the  opposite end to the 
float. T h e  ' drum ' i s  supported on s cast-iron ' bed-plate' and 
t h e  whole instrument  on wooden trestles. 

7 .  T h e  size of t he  cylinder varies at different places, but i t  

'I'he Cylinder. is generally 24 inches in internal diameter, and 
is usually made of thin iron plate, in sections of 

f rom 4 t o  8 or even 10 feet  in  length, with angle-iron flanges a t  each 
encl for  bolting the  lengths  together : t he  bottom of the  cylinder 
should be closed with an iron plate, while the top  reaches to the 
floor of the observatory, or preferably a li t t le above it, so as to be 
clear of the  dus t  when' the floor is swept.  

The  bottom of the  cylinder should rest on a concrete block, 
t o  which i t  should be securely bolted, where water is likely to  be 
rough. I n  rivers, or sheltered positions i t  may  be suspentlecl from 
storlt beams fixed in t he  observatory floor. I n  both cases i t  should 
be well bracecl down t o  low-water level t o  the  adjacent piles, with 
iron rods. 

I f  the  cylincler rests on the  ground, t he  best inlet  for the water 
is through a number of holes + to  4 a n  inch in diameter, near the 
bot tom of t he  cylinder below the  lowest level of spring-tides, but 
a t  the  same t ime well clear of t he  groulld on which t , l~e  cylincler 
resta. 

I f  i t  does not rest  on the  groond, the  bottom of t l ~ c  cylin(lsr 
is the  best place for the  holes. 

8. T h e  float is a cylindrical hollow copper vessel I foot in 
diameter and  9 inches deep and is of such density 

The float. hand and 
ntnd-wheel. t h a t  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 t h u m b  sarews and  a plate to the 
head of a n  upright  rod, (o r  pilisr) ,  which 3 small rollers 
80 arranged t h a t  they bear on their upper surface a disc attached 



by three uprights to a plate soldered t o  the  float. T h e  m d  pass- 

es through the  disc, i t s  lower end being pivoted into the  plate, 
so that  the arrangement  forms a kind of swivel and  prevents t he  
bancl being twisted, which is most important.  

The stud-wheel is of brass, about  93 inches in diameter, with a 
rirn an inch wide : i t  has s tuds  of the same diameter a s  the holes 
in the Land, placed in t h e  rim a t  intervals also of about 29  inches, 
so that when the baacl is passed round the  wheel t he  studs exactly 
fit into the Iloles, thus  ensuring the revolution of the  wheel a s  t he  
float rises and falls. 

The hand is cu t  t o  such a length t h a t  i t  passes over the  s tud-  
wheel and about G feet  begontl, when the  float is in i t s  lowest posi- 
tion in the c j~ l inde~- .  To tlle end of the  band, a s  a coilnterpoise t o  
the float, a \veight is attached, ancl frorll i t s  bottom a copper chain 
is suspeuded, which t l~eo re t~ca l ly  should be equal in weight, length 
for length, to  the copper band. T h e  other encl of t he  chain is 
att,achecl to a hook below the  float, so as  t o  form rvith t he  band a 
sort of endless cliain passing over tlie stud-wheel aucl reaching to  
the botdoln of the cylinder. This  co~ltr ivance is introdaced in order 
that  the pull on the tloat shall be constant,  otherwise a systematic 
error is introcl~icecl hetweeu rising and  fall ing water. The  counter- 
poise weight should be such a s  to  give a dec~decl preponderance, of 
sap or -1, ttjs, on the  float side; hu t  \vheu once adjusted i t  
sllo~~lcl n o t  be altered. \vithout not ing the fac t  in  t he  inspection 
book. W lien the whole system of float, band and counterpoise 
weight is hanging in position in t he  cylincler, there shoulcl be 3 or 
4 inches s1)ace between tile float and  cylinder on the  one side, and  
the col~nler l~oise weight  and  cylinder 011 the other. 

9. Tllc bed-plate is of cast-iron about  7 feet  long, I foot 

'I'lic 1)ed-l)lnte. bronc1 ancl 9 of a n  inch thick, the  upper surl'ace 
being carefrilly planecl. ITnclerneath this plate 

ant1 cast in t l ~ e  same piece with it, is a web or f rame work, 41 inches 
Iligll, nrhich extends to  within an  inch of the edge of the  upper plate 
both a t  the  sides and  at  the ends, and  has cliagonals or stiffeners. 

10. The nreb rests on a wooden txestle the  top of which is 5 feet 

Trtbst lr. long, 1 foot broad and  2 inches thick : the legs 
are  s p l a ~ e d  ant1 firn11,v b~.aced. 'I'he trestle i6: 

~)lacctl lo~~gi t~ut l ina l lv  in the  observatory and touching the top of 
the cylinder at oue end, being thus  i n  such a position as to bring 
the rt1nd-~vheel almost over the centre of the cylinder. 



The axle of the stud-wheel is supportecl on two uprights fixed 
to the bed-plate. The axle is about 8 inches long and carries at  
its other encl a toothed-wheel which is in gearing with another 
toothecl-wheel. The latter is fixed on an axle supported by two 
arms fastened to  one of the uprights which support the drum. 

11. 'I'he toothed-wheels are constructed in couples so as to 

The toothcd-wheels. enable the working scale on the tidal diagram to 
be varied a t  pleasure, from the natural or full 

scale t o  that  of i t h ,  accorcling to the sange of the tide. Six couples 
are supplied wit,h each gauge, giving scales of +, 8, 6 ,  4, + and ; 
and as the clrum is 5 feet long, any t,icle whose range does not 
exceed 30 feet can be safely registereel. A t  Bhiivnagar where the 
range is over 36 feet a & scale was em~loyecl. I n  practice the 
couple is selectecl which enables the tidal curves to be exhibited on 
the largest scale possible. 

1 The axle which carries the tootiiecl-nrheel also carries a chain 

'l'be c'lain wheel. 
wheel, round which the chain regulating the motion 
of the pencil-holder winds, so that  the motion of the 

water is communicatecl to the pencil. This wheel is about 5 inches 
in diameter and its riin is spirally groovecl to  receive the chain which 
mincls arouncl i t  without oveslapping. 

13.  Rt about 10 inches from each end of the bed-plate there are 
brass uprights and on each of these a p i s  of friction- 

T l ~ e  rric:lion-rollcrs. 
rollers is fixecl,,t>he pins on which the rollers turn 

being screwed int,o the nprip11t.s solne 5 inclies above the bed-plate. 
4 The clrum wliich is 6 feet 3 inches long and exactly 24 inches 

T l ~ e  ~ I . I I I I ~ .  in circumference rev01 ves between the aprights : 
i t  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 i t  
carries the paper on wliich the tidal ciirve is registe'red. 

Two grooves about gl: 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. Tlie groove a t  tlie cluck end in  adopted 
as tlie ze9.0-he of the gange. Wlien 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 inchel 
long and extends well beyond t l ~ e  extreme grooves. 



The  paper is wrapped around the  d rum and  held in  position by 
clips, the edges of t he  paper being pasted together a long the  length 
of the drum. 

15. Parallel t o  t he  d rum and fixed above i t  t o  t he  brass uprights  

Arrangements 
the pencil. 

are  two bars of solid brass drawn t o  angle shape '" and between them moves a slide carrying t'he pencil- 
holder, i n  such a position tha t  the  pellcil is exactly 

over the axis of t he  drum. T h e  pencil-holcier slide, nrhich is a double 
T-shape, moves along the  bars and  is pushed towarcls one of them by 
means of a spring, so t h a t  i t  has no lateral motion. T h e  upper flan- 
ges of the  parallel bars are  grippecl between the  springs and  t,he upper 
plate of the  slide for  extra  sn~oothness  of motion. 

The  bars are  prevented from buckling or having lateral motion by 
two arched stiffeners 1~11ich are  sc~.en;ed on to  t he  outer sides of the  
bars and allow the  pencil-holder slide to  pass throngh thelll. 

16. T o  each end of i h e  nl-qler plate of the  pencil-slide, hooks 
are  fixed : t o  the one nearest t he  float. a flexible 

The chain and 
counterpoise weight. chaiu, (see para C,) ,  is fastened and  carried from 

thence roulld the  cliain-wheel, to  which the  end of 
i t  is made fast. The  loop itself fo r i l~s  a swivel on a cylindrical capstan- 
headed screw which works into t,he upper plate of t he  slide and  by  
means of which the pencil can be set  exactly t o  the  zero of the  gauge 
for height. 

To the other loo11 a silver wire or a piece of whip-cord is tied which 
passes over a r in~metl  prillcy a t  t he  top  of the driving clock and  has a 
weight of about 5 ttis at,tached to i ts  other end. As  the  pencil-slide 
moves between the bars,ethc \veight rises a8nd falls and a sufficient space 
must be allowecl for  i ts  drop. 

17.  T h e  1,encil-holder is a snlall tube nvhich screws into the  

The peucil-holtlcr. slide and is adjusiecl so t 'hat it almost touches the 
paper on Ille drum. It is inade t o  coctain common 

leads which are  pressed down on the  paper from above by a weight of 
two or three ounces, l~laced in a cup providecl for the  purpose. 

18. The  driving clocks in-nse atre of two kinds. Tlje ' regulator 

The clock. clock' with Englisli lever escapement, (gold hair- 
spring),  and a similar clock with a pendulum. The  

latter does not  work \veil ill positlolls where the  gauge is liable 
to  slight vill*ations, ill sucll cases t he  ' regulator clocks ' sljould be 
employed. 



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 cliscon~iecti~~g the  drum 
and the clock is as follows :-A clamping screw with a millecl 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 
drum can t'hus be set so that  the pencil shows the correct time on 
the cliagranl 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. I n  order to prevent any back-lash which may exist between 
the gearing of the clock and the drum, a cord 

The back-1aah carrying a weight of about 5 tbs, is attached to weight. 
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 : i t  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. I n  winding the pinion the barrel i s  

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 qnite circular, the 
position of the  ~ e n c i l ,  as the clock shows the 

Elliptioity of the 
dmm. exact hour a t  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 

The auxiliary ins-  
tmment a. atmospheric conditions at  the station. Consequent- 

ly at every tidal station, when observations were in 
progress, (with the exception of Boinbay where the informat'ion was 
supplied from Colaba), the following a u x i l ~ a r ~  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 



error to be determined; also a self-registering anemometer indicating 
t,he velocity and  direction of t he  wind at every moment, a maximum 
and a minimum t l~ermometer  and  a rain-gauge. 

These auxiliary instruments have since been removed from all the 
observatories. A description of t he  instruments, however, is given 
below for the  information ancl assistance of officers inspecting a t  any  
new station a t  which i t  may  be desirable t o  take observations in 
future. 

22 .  Two classes of self-registering aneroids are  generally used 
viz:-those made by  L6g6 and  Co., and  by  Richard 

Self-registering an- 
el-oid. Frsres, of Paris. All  new instruments are  of the 

la t ter  type,  rvhich is much t'he simplest. A des- 
cription of both is given below. 

I n  Lig6's self-registering aneroid barometer there are  seven 
vacuum-chambers or boxes coupled toge ther ;  t he  top  one is attached 
to a screw used for se t t ing  the  metallic registering pointer and  t o  
the lowest is fixed a fork with hardened steel knife-bearings. O n  
these bearings rests, b y  means of knife-edges, n lever which connects 
the balancing-spring with the vacuum-boxes, being pivoted on o t l ~ e r  
knife-edges midway between the at taching points. Tile vacuum- 
boxes and balancing-spring are  placed on a brass frame. 

The  balancing-spring is a spiral one hooked a t  the  bottom to 
the lower edge of t he  lever and  a t  t he  top t o  a screw working in  
the upper par t  of the  frame, by  which i t s  pull in cotinection with 
the lever is so adjiisted t h a t  the reading of the  instrulnent corres- 
ponds t o  t h a t  of the  mercurial barometer uncler the  particular 
atmospheric conditions existing a t  the  t ime of i t s  first adjustment.  
This adjustment, made by  the  maker,  ought  not  t o  be altered 
unless the instrument  has to be talten t o  pieces. 

The  amount  of motion procluced by the variation of t he  atmospheric 
pressure on the  boxes is multiplied by the lever above-mentioned and  
then again by a second lever nrhich is supported on two up r ig l~ t s  alld 

counterpoised. These two levers are connei*ted together by a steel 
rot1 pointed a t  both ends ant1 pivoted ill conical l~oles  out of which i t  
is prevented from slipping by means of forks. 

Projecting from the cloclr is a third lever of the same length as  
the second and attached t o  it by a joint whose length is half the  
height of the  recording barrel. The  joint is movable ,and  a t  i ts  
centre a metallic pointer is fixed for the purpose of marking on the 
prepared paper 011 the barrel;  the pointer can be adjurted to press 



more or  less heavily a s  required. T h e  mode of marking is as 
follows:-Attached t o  the  back of t h e  th i rd  lever there is a sliding. 
piece which is polled b y  the  clock movement three times per hour 
a n d  b y  this  motion the  joint '  is twisted and  the pointer pressed 
against  t h e  paper. 

T o  t h e  brass frame, on which t h e  vacuum-boxes and balancing- 
spr ing  are  placed, there is fixed a steel tube  ancl on this  tho revolving 
drutn pivots, being maintained in  position by a n u t  screwing in the 
top  of t h e  tube. T h e  tube  is 11ollow t o  admi t  of a turnscrew being 
iueerled t o  set  t he  recordin: pointer t o  agree with the  mercurial 
barometer. At t he  bottom of the  rovolvillg drum there is a toothed 
crown-wheel which gears with a pinion driven b y  tlie clock. The 
d r a m  revolves in  8 )  clays. T h e  recording barrel, on which the 
specially prepared paper is fixed, rests b y  i t s  own weight on the 
revolving clrum and has a knob on t h e  top  with a hole through 
it of t h e  same size as the hollow in the  steel tube. The  several 
p w t s  a re  fitted on a snbstantial  bm;s plate, about  21 inches long 
ancl 6 inches wide, screwed on t o  a boarcl a n  inch thick and the 
whole instrument  is fixecl in a neat m s e  with a glass front, the top 
and  f ront  being made  t o  open on hinges. 

The  t t i c l ~ a r ~ l  instrument  is of much simpler construction, and 
milch less liable to  ge t  out of order. Tile recording pen is placed 
a t  the extremity of n. long aluminium style, which is connected with 
the  vacuum-box bv  means of a system of multiplying levers. The 
pen records the pressure on a brass drum, round which the diagram 
paper is wo~ind ,  for  which purpose a special ink is used. The drum 
is revolved by  clock-work once in 8 days. The  following instrnc- 
tions are  supplied by Ricllard Frhres with the  instrument :- 

( ( 1 )  Open the case of the  instrument .  
( b )  F i t  the pen on the style : bring i t  away from the cylin- 

der by means of the  pivoted pin and tu rn  the cylinder 
t o  t he  left  so t h a t  the  spring binder fixing the  raper 
on the  drum is on the  Icfk side of t h e  pejz. 

(c) 'I'ake off the  spring hinder. 
( d )  Place the  key in the  opening which i s  closed by the 

milled edge 1,rasa b ~ ~ t t o n  and wind , l l ~  by t11rni11g the 
key to the left, ( tho o t I~e r  openillg, closed by a sliding 
plate is only used for regulating the  eecapement and 
must not be left  open). The  cylinder s l~ould be main- 



tained firmly with one hand while winding up with 
the other. 

(e) 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 whicli the spring binder fits, so 
that, wllen this one is fixed on again, the two ends of 
the paper are pressed equally and w~ thou t  passing the 
binder. Care nlust be taken to lay the paper perfectly 
flat and to let its lower edge rest on the projection a t  
the bottonl of the cylinder. 

( f )  Put  the ink in the pen without filling i t  up. No ink 
must be allowed to remain on the style, especially if 
i t  is made of alumiaiunl, as i t  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. 

( 9 )  Turn the cylinder round its axis so as to make the time 
cor~.espond with a clock, and if there is a standard in- 
strument, make sure that the indication of the self-re- 
cordin: one is exact; if there is any difference, turn t o  
the right or left, as may be required, the square nut  
which is placed unclerneath the case. 

( h )  Push back the pivoted pi11 wllicli kept the pen away 
from the and give the -pen a slight up and down 
motion to make sure that  i t  writes. 

In  orcler to trace a regular diagram, the pressure of the pen on 
the paper must be very s l iyht  ; to ensure this, the i n s t r t ~ n t e n t  must 
he tiltrrr! forzu(~ ) .d  to an angle of about 30' to 45". When in that  
position, the pen ought to lose coritact with the cylinder, if i t  doe8 
not, the pressure is regulated by nleaus of tlie milled edge knob 
placed at the broadest part of tlie style, the elasticity of which ie 
sufficient to give the necessary prcssul.c. 

(i) Close the case of tlic instrument. 
(Ilerrni,r,g t / ,e  Pelt.-Wlicn the 1)en is dirty, let i t  remain for 

some time in clean water a n d  wipe i t  with n piece of thin linen or 
a fine bl-ush. This is ncctlctl only once In e rc ry  thrce or four 
months. (If.enerally, if  the pen ccases n ' r i t i n~ ,  it is sufficient to take 
it off and slip n piocc of /bin p/Ipcr.  betl\r-een its two blaclcs. 



Ordinary ink must never be used, as the admixture of s single 
drop with the special ink mould decompose the latter. 

Ituportaat Notice.-The pen-bearing style must always be in  
front of the pivoted pin which serves to  keep i t  sway from the 
cylinder. If ,  on receiving the instrument, it is found that during 
the transit the style has go t  betweeti 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 
cups and steering-vanes and is about half the 

The self -registering 
anemometer. size of Beckley's standard anemometer. A special 

long protecting tube is fixed on the cross-bars 
carrying the cuye to prevent dust or rain blowing into the 
bearings. The steering-vanes are made as large as possible wit,h 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 

ae to produce an easier gearing. The driving-barrel of the clock 
movement is drilled through its centre and a shaft passed through 
the hole having a t  one end a pinion gearing with the reading barrel, 
and, a t  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 @crew the shaft becomes free and after the drum ie set 
to correct time, the clock connection is made by clamping the 
Bcrew. 

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 
motio:~. 

The clock hns 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 gaming in the small box just 
below the cups. 



Sometimes it is necessary to  place the anemometer at  a distance 
from the tidal observatory in order to obtain a mite freely exposed 
to the wind from every direction. 

24. A tidal observatory is constructed of wood and is usually 
so made as to  be readily taken to  pieces and put 

Tlie obrorrato~y. 
togetlrer 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 nrllich t'he roof slopes down to  the 
sides which are 8 feet high. 

The internal fittings c ~ n s i s t  of a cul~board placed on the nrall 
for keeping records and sulq~orting the self-registering aneroid; a shelf 
near the top of the observato~~y for the recording gear of the self- 
registering anemometer ancl 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- The graduated etaff. , 

cally, in such a position as to be easily read, so 
that a comparisoll of the level of the water outside and inside the 
cylinder may be readily made by sinlultaneous readings of the pencil 
on the diagram and of the water on the graduated staff. 

26. Two or three bench-marla are laid down in the vicinity of 

Bench-marka every tidal observatory and connected with the 
bed-plate by first-class levelling ride 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 
I (  feet each way, containing a large stone imbedded on the upper 
face. The stone is inscribed to show that  i t  is a bench-mark of the 
Great Trigonometrical Survey, and the year on which i t  was laid 
down is also given. I n  the centre of this st,one, a square depression 
of 5-inch side and inch deep is cut and nicely smoothed, its nize 
being just sufficient to allow the levelling-staff to t'urn freely in it. 

27. The trestle is first put in position, longitudinally in 

To net  up and ~ t , ~ r t  the observatory. The ticle-gauge is next set up 
the reif-registering on the trestle touching tlie ilont cylintler at one end 
tide gauge. 

in such a position that  the centre of tlie float, 
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 
ehall each be about 3 or 4 inches from the sides of the cylinder. 



The trestle is then wedged up so that  its top is nearly level, end 
i ts legs are firmly screwed to  the floor. After this the bedoplate is 
levelled, lon,oitudinally and trans velmsely, by driving wedges in betmeen 
the web and tlie top of the trestle. The extreme range of the tide 
having been found roughly, either by observation on the staff or fronl 
local information, the various parts of the insirument are tested, 
to  see tha t  they work freely and tha t  there is enough drop, at  
extreme tides, for the counterpoise weight atltaclled to the pencil 
traveller. 

The working zero of the gauge should be at least 18 inches 
below the lowest lorn-water on record. 

The wheels to govern the scale of the diagram are now placed 
in gear with the float-wheel, a trial cliagranl p u t  on, and the instru- 
ment approximately adjusted so that  at half-tide the pencil mill be 
at the centre of the drum. Sometimes the zero of the gauge is 
made to  corresponcl with some particular level which has been taken 

the datum for local surveys and the instrument is adjusted accord- 
ingly, :keg.  when soundings are being taken in .the vicinity and tlie 
times noted, the gauge readings at  those times may be made to indi- 
cate t,he 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 
milst next be taken to  determine the distance of the water below 
the sulfate of the bed-plate when the pencil is on the zero of the 
gauge. I n  making these measurements, called ' zero measurements,' 
a special apparatus is employed. 

28.  A Rat strip of brass with a right-angled band is fixed by 

Zero measurements. two or three counter-sunk serews to the top of 
an ebony scale, divided into tenths, hundredths 

and five tholasandths 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 tlie flat piece, 
which rests on the top of the bed-plate, corresponding exactly to the 
zero mark of the ebony scale. 

A small circular mooclen disc, :3 inches in diameter and 4 an 
inch thick, bevelled at.itu edge from the bottom tomarcln the top, 
is attached by means of a bras, slip fixed on the top of the disc, 
to the eud of a Cheaterman's steel tape. The slip is made of two 
Brass plates, about 21 inches long and 1 inell broad, one fixed 
vertically nearly a t  the centre of the disc, and the other 



ched t o  the  first by four  screws at i t s  corners, so as  t o  be removed 

a t  T h e  tape is held between the  plates, and, when the 
screws are clamped, the  disc is suspended by  the  tape. T h e  disc is 
slightly loaded with lead, so that ,  when hanging  from the  tape, i ts  
under surface is quite horizontal. 'I'he distance from the  bottom 
burface of the disc t o  the top  of the clip, is exactly 3 inches ; the  
3-inch mark on the tape should, therefore, be made t o  correspond 
exactly with the  top  of the  clip, so t h a t  t he  bottom surface of the 
disc may corresponcl to zero on the tape. Stfeel tapes should be used 
when possible, but,, if for  a n y  reason only. a n  ordinary metallic t'ape 
is available, it,'shonlcl be tested by applying i t  to  a st'andard levelling 
staff, the disc arrangement being held suspended all t he  time, so 
as to  have the tape in  tension under the  same condition as  i t  would 
be when in use. 

The  measurements are taken as  follows:-The ebony scale is 
suspended from the bed-plate above the float-cylinder, apd  the  disc is 
lowered into the cylinder, care being taken t o  keep the  tape close t o  
the side of tlie scale ; this is done by running off more tape than  is 
requirecl, passing i t  across the bed-plate and  holding the tape on the  
top, so t h a t  i t  can be paid orit easily and  in very niinnte increments 
of length. When  the disc is seen t o  be close to the  surface of the  
water, warning is given to  the clerk who is s tanding by, ready to  
mark the exact position of t.he .pencil on the barrel. T h e  lowering 
is coiitinuecl very carefuily, and  actual contact with the water is 
noticed by the disc causing a tremor on the  surface; at the  moment  
oE contact a signal is made to  the clerk who marke on the  diagram 
the position of the centre of the lead pencil, and the distance in  feet 
is read off the tape, nlliile tlie ' t ~ n t ~ l i s ,  hundredths and  thousandths 
are read off the  scale. This  distance is entered in t he  inspection 
book in one colomn : t l ~ e  ~nensureinent of the position of the  pencil 
above the zero-cut on t.lie d:.um is then carefully made, by using 
a ~ ~ o t ~ h c r  scale, and cnt'ered in tlie next column. The  latter entry is 
mriltipliecl by the denominator of the fraction indicating the  working 
scale of the gauge and enterecl in a third column. T h e  sum of 
thc entries in t.he iirst. allcl tllirtl columns gives a value of the dis- 
tance of t , l~e  water f rom the hed-plate with the  pencil on the  zero- 
line, or, in othcr wol.tls, the distance of the zero of t he  gauge from 
the bed-plate. 

As a rule, t,weuty such measurements are made and  the  mean 
t,aken. The  mcn.surenleuts have t o  Lc taken both during a rieing 



and a falling tide, (when i t  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 connect,ing the stud-wheel and chain- 
wheel and also the error arising from looseness of the pencil in the 
pencil-holder. If 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 a t  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 sl~ould 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 tha t  its zero may correspond with that  of the gauge. 

It merely remains to set up aud s tar t  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 Oftice 
Dutisr of tlle clerk 

in c b ~ r ~ e .  ancl 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 t,o the clerk in charge concerning his work which 
ehould be carried out as follows :- 

SO. The observatory should be visited each day a t  7 and 
10 A.  M. arid at 4 and 6 p. M. except on Sundays 

Hours of visiting 
the obeervatory. when two visits are considered sufficient; and also 

twice a month at some other hour to change the 
diagram. 

31. The tide-gauge cloclc mnst be wound up twice a week and 

The tide-gauge the back-lash weight every evening. The ~ositions 
of the pencil on the barrel should be marked by 

R circle of ink rouncl 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 circular, the diagram can be 
re-divided by means of these hour marlis. The preceding da.!"a 
curve should also be inked in with one of the colourecl inks SUP- 
plied. Simultaneous readings of the position of the  pencil on the 
' observatory st Port Blair is now closed. 



diagram and of certain white lines marked on the float-band should 
be taken once claily and the values to  2 places of decimals entered 
in the report, so as to  make sure tha t  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. 

3?. The clock of the  tide-gauge must be compared daily with the 

Tide-gauge clock gun or time-ball, or with a watch previously 
taken to  the telegraph office, where standard time 

can be correctly obtained a t  4 P. nr. If t'he clock is i n  error by over 
a minute, the error of the clock should be noted in the report with 
a remark as to  whether i t  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 t!le graduated staff (if there is 
one) should be taken once a day and entered in the report. I f  there 
is an unmistakable difference of two-te~iths of a foot when the 
water is calm, the cylinder should be flashecl out ancl the communi- 
cation holes examined. The cliagraln must have the  zero, mid and 
end lines marlied by rubbing n hard pencil over the grooves cut  in 
the drum at these points. A line about half an inch long should 
be rubbed a t  the hours of 10 A .  M., 2 P .  nr. 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 i t  is taken off, and the (late entered against each set of 
marks. 

33. The diagram must be changed once a fortnight, when the 

Changing diagram. tide has well turned so as t o  make sure of get- 
t ing 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: i t  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 thc old diagram and the pencil-holder is taken off. 
The diagram on the drum is ~ e x t  cnt  carefully slong the 12 o'clock 
line, the back-lash weight removed, the clips unscrewed and the 
diagram taken off, carefully rollccl 111) and put  aside. The drum 
and thc clock arc! t l ~ c n  clisconnected and tlie ncw tliagram put  on 
the drum by first mhking the  12 o'clock line of the paper agree 
with that  marked on the drum and thc zero of the diagram with 
that  of the drum ; this can be done by means of the slnall slits tha t  



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- 
@ram comes in contact with the 12 o'clock line and the height lines 0 

meet. The pencil-holder must  then be fixed and the clock and 
drum clamped, care being taken tha t  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 o i~ ly  remains to regulate the position exactly for time. This is 
done by selecting any convenient hour, sap 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 drum. 

4 Any remarks regarding the stoppage of the clock, or in 

stoppage of clock. 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-ciip and 
the pencil slightly raised; the clock-drum connecting-screw must 
then be unclamperl, 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 corresponcls 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.  pencil 
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- 

Dirpl~~ce~nent ,  of 
wheel, i t  should be replaced carefully by turning 

bnnd. 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 ere 
made when the zero-line marked on t,he float-band is brought to 
agree precisely with the bed-plnte, on the wheel being released, the 
pencil will assume its proper position. 

36. Should the chain between the vencil-traveller ancl the float 

Breakage of chain 
end break, the penci-holder must be removed 

or wire. from the traveller, the coonterpoiuo weight detach- 
ed and the two pieces of the chain taken out and 



re-rivetted. T h e  ends mus t  then  be attached to  tlie wheel a s  before, 
and the stud-wheel turned by  hand ti l l  t h e  2 . 5  line painted on the  
band is on a level with the  bed-plate. If the  deviation of the  pencil 
from the 2 . 5  line on the  barrel is small, i t  can be set  r igh t  by  the  
adjusting screw attached t o  the  pencil-holder; b u t  if the  deviation is 
more than  the  screw admits  of, one of the change-wheels will ha\,e t o  
be taken off, turned one or  two cogs a n d  refixed, t he  final adjust- 
ment being made by the  screw attached t o  the  holder. 

During the  whole of t he  operations grea t  care must  be taken 
tha t  the band does n o t  kink. 

I n  t he  case of a pipe connected tide-gauge, t he  stop-cock must  
be opened every day  a t  high-water or near as  is convenient, bu t  
not if t,he level of t he  water is nearly the same as  t he  height of 
the stop-cock. 

37. T h e  aneroid and  mercurial barometers and  the  thermometers 

Aneroid barornetel*. attached thereto sllould be read claily a t  7 and  
10 A. M., and  a t  4 and  6 P. M. 

I n  the  case of L6g6's aneroid should the  cloclc stop, the hand 
must be gent ly  turned round ti l l  i t  points t o  the proper t ime as 
shown by the tide-gauge clock. 'I'he barrel of the  diagram must  
then be turned until  the  pencil points t o  t he  proper time, bu t  in  
doing this  great  care mus t  be taken, otherwise the gold thread in 
ildie's pattern or the marker in LCgB's may be broken. I n  the 
former, i t  shoalrl not be attempted if the  cloclr hands are  between 
5 minutes to  an  hour and  10 minutes past tlie hour as the  pencil 
marker suspended to  the  gold thread is at these times, either press- 
ing o r  close to  the  barrel ; and in the  latter, i t  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 most  be wound up  every Monday morning 
and may he regu!ated by stopping for  a few minutes if fas t  or  
pushing the  minute hand forward if s low; bu t  for one or two 
minutes' error i t  need not be altered. 

The  aneroid clingrams shonlcl be carefully numbered and changed 
every Monday morning, and tlie sheets should be carefully inked as  
they are taken off and pu t  away. 



3 ,  T h e  anemometer clock must  be wouncl lip every morning: 
- ., 

t\ncn~ul~leter. by  pr~l l ing  the  cord with t,he small weight and 
thus  raising the  heavy weight close to  the bed- 

plate. 
T h e  anemometer d iagram mus t  be changed daily a t  7 A . M .  and 

the  diagrams clatecl a n d  numbered, the  hour being recorded as put 
on a t  such a time, a n d  taken  off at such a time. The  number of 
miles of wind for  the  last  24 hours mus t  be entered in  the report, 
a n d  is obtained by counting the  number of velocity lines and multi- 
plying by 10. T h e  diagrams must  be carefully inked in daily. 

T h e  instruments  should. be all  oiled occasionally; and in the 
case of t he  anemometer, if t h e  direction of t h e  wind has been 
steadily from one point for  many days without altering, as in the 
S. W. monsoon, the fans  of t he  direction gear should be turned with 
the  hand until  t he  vane has macle one or  two complete revolutions. 

39. T h e  daily reports mus t  be made u p  in duplicate and one 

Reports. copy sent  by post t o  the  head office. Anything 
unusual mus t  be markecl on the  diagram and 

noted on the  back of t he  report, ancl if any th ing  emergent  is required 
t o  be done, the  port officer mus t  telegraph t o  the  officer in charge 
of t he  t idal par ty.  

40. As  a rule a n  inspection is made once a year, b u t  some- 
times oftener. Of course if a n y  interruption has 

lnspoction of n tidal 
observr~tory CTener111 taken place, sucli as  t he  removal of instruments 
rem~lrks. by the port officer for  safety on account of B 

cyclone, a s  has occurrecl more than  once, or for 
the  settlement of the  ob~erva tory ,  t hus  necessitating a temporary 
suspension of the  observations pending repairs, then a n  inspection 
should b e  macle as  soon as  possible af ter  t he  information has been 
received. 

T h e  snbstructure of the  observatory shoulcl be carefrilly inspected 
at every visit, especially when the  cabin s tands on piles. The verti- 
cality of the float cylinder shoultl be tested. I f  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 thns caused 
will give a false recon1 on the  diagram. 

When it is intended t o  make a n  inspection, the  first thing to be 
done is to  tes t  the accuracy of t he  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. 



The inspecting officer ongh t  t o  carry in his inspection box, a 
copy of this hand-book ant1 of the  cnrrent  t'ide-t'ables for Indian 
ports, ancl the  necessary scales, measuring tape, ant1 other instru- 
ments required a t  a n  inspection. 

The inspecting officer, accompaniecl by  a meclianic, to  clismant~le, 
clean, repair if necessary, ancl refit t he  instruments, attends t o  t he  
following points when making  a n  inspection ; and a t  the t ime of 
inspection writes in  the  observatory inspection book, under appro- 
priate heads, a report, a copy of which is forwarded to  the  head 
office. T h e  usual heads of the  report are  :- 

G erleral re marl;^. 

Bench-marks. 
Details of levelling. 
Self-registering t'ide-gauge. 
Details of determination of working zero. 
Auxiliary instrumeuts.  

The  general remarks shonlcl contain an  account of the working 
of all the instruments since the  last inspection, and  shoulcl draw 
attention t o  the  manner in which the observatory clerlr performs his 
duties, and to  anyth ing  else requiring special notice. 

41. O n  arrival a t  the  tidal ~bserva t~ory ,  i t  is necessary in t he  
first nlace to  ascertain if anv  sett'lement of the  

I " 

con"ection bnl- t,ide-gauge has talien place, by connecting the float plate, bench -1na1-ks 
and staff. entl of it,s beel-plate by  spirit-levelling of preci- 

sion with the  bench-mark of reference, which in 
its turn should be s i ~ n i l a r l ~  con~~ectecl  with the other bench-marks, 
and wit'h the graduated staff, in ortler to  tes t  the accuracy of t he  
zero of the latter.  'rhe report should give both the results and the 
details of the  levelling, and shoultl mention the  condition in which 
each bench-mark and the staff is found ; i t  should also mention 
whether the bed-plate is level bot,ll longitnclinally anel transversely. 

42. Before cleaning the gauge, a se t  of measurements for  the  

- determin:ttion of working zero a t  a rising t'ide a n d  
Zero mensllrcllic.nts 

and prricil anti clo~,l< anothcr a t  a fall ing title, each set to consist gener- 
com1)nriaone ally of not less than 20 n~easnrements,  should be 

taken ; their mean will give a valrie of the distance 
of tile working zero below the betl-plat,e. Tl~is eliminates the influence 
of the lost motion, or back-lash, bet,ween the  toothed-wheels connect- 
ing the stod-wileel with the  sheave for  t he  wire of the pencil-slide; 
it also cancels the error arising from looseness of the pencil in the 



pencil-holder. I f  i t  shoulcl be necessary to  continue these ' measure- 
ments, another pair of sets shoulcl be talcen before proceeding mith 
the  inspection. These measurements for determinat,ion of the mork- 
ing  zero should be made when the tide is well on the rise and fall, 
and not when i t  is almost high or low-water. The method of 
taking them has been previoiisly explained in para. 28 and, in entering 
them in the inspection report, i t  should be stated tha t  they were 
made before clennijzg the  gauge. 

Concurrently with the  measiirements for the  determination of the 
working zero, mentioned in the  preceding paragraph, a comparison 
of the reading of the  pencil on the  d rum mith the  reading of the 
bed-plate on the  float-band, and with the  reading of the graduated 
staff, should be made both a t  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 clerk in 
his daily reports. 

43. The b a l a ~ ~ e e  of the  gauge ollght also to be test,ed before be- 
ginning to  clean the instrument. This may be 

Lialnnco of gauge 
and sottine or aencil. done with sufficient accuracy by raising the float 

-. . 
completely out  of t,he 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 prepo~~derance 
of the float. There ought to be a decided preponderance of, say, 3 
or 4 tbs. on the  float side, bu t  the  weight when once adjusted should 
require no alteration, as i t  would affect the  value of the zero-line- 
Should the preponderance be founcl to  have increasecl, i t  points to a 
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 be foulld 
out  of this position, the discrepancy shoula be measured and noted* 

44- Then, the float and band should be raised into the obfl- 

Dinmantling gauge. ervatory for examination and measurement, and 
the time noted. This is tho first step in the dip  

mantling of the gauge, preparatory to cleaning it. The total length of 



the band should be measured, also the distances from the painted 2 . 5  
line and from the painted 0 line upon i t  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. D u r i ~ g  the inspection of the Bhitvnagar 
tidal observatory in December 1387, i t  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  i t  had broken close to the float, and i t  was 
found that  the observatory clerk had tried to conceal the breakage 
by att.aching the float to the band a t  the place where the breakage 
had occurred. The float should be closely examined and, if any water 
is found in it ,  i t  should be repaired or renewed. I n  such a case i t  
is interesting if the quantity of water which found its may 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 i t  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 i t  
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 a t  the last inspection should not as yet be obliterat- 
ed. It should be mentioned specially whether or not the driving-clock 
required cleaning . 

46. After the several parts of the gauge are cleaned, they 

Refitting gauge. shoulcl be refitted carefully, the band being re- 
placed so that  when its painted 2 - 5 line of refer- 

ence is level with the bed-plate, the pencil shall be at, or close to, 
the 2 . 5  line on the clrnm. The working of the band on the stud- 
wheel, while the pencil is being mover1 along the drum from its zero 
to the highest line of t,he diagram, shonl(1 be tested ; and it is best 
if this can be done a t  low-water so as to reducc as nllicll as possible 
the chance of the band I t i l ~ l i i n~ .  The worlcing should be smooth, 
and each hole of the baud should fit over the studs freely. Any 
hole found too t ight  may be enlarged slightly with a file. 



T h e  bed-plate should be made  level both longituclinally and 
transversely if necessary, a n d  if this  operation be found, by spirit- 
levelling, t o  have altered the  level-of t he  becl-plate relatively t o  that 
of the bench-mark of reference, the  alteration of level should be 
recorded. 

46. T h e  refit,tecl gauge  being now clean, level, and connected 

Adjusting gangc. by levelling with the  bench-mark of reference, is 
sti l l  unadjusted. T o  ascertain t he  amount of acl- 

justment  required, measuren~ents  for  dei,ermination of the working 
zero at rising and  fal l ing tides should now be taken and recorded 
as having been made a f t e r  clearlillg t h e  gauge. I f  a combination of 
t h e  results of these measurements with the  final level of the bed- 
platc make the  distance below the  bench-mark of reference of '  the 
working zero, t hus  obtainecl, t,o differ from the  distance of t.he true 
zero below the  same bench-mark bv  a qciantity appreciable on the 
scale of t he  diagram, the  position of t h e  pencil mus t  be adjusted 
until t h e  working zero coinciclrs with the  t rue  zero. It is usual to 
take one more pair of sets of measurements for  determination of th9 
working zero (which should I,e registerecl as  having been made after 

c l e a a i q  the gauge)  as  a final tes t  of the perfect adjustment of the 
instrnment.  

The  gauge  being in adjuslment ,  the  reference lines painted on 
the  band a t  last  inspection sho~~ lc l  be compared with the pencil 
readings on the  drum, and if the  former are  found out  of position, 
they may now be obliterated ancl new lines substituted for them, 
special care being talten in the paint ing of the strealts, the upper 
edge8 of which mark where the  readings of the  bed-plate on t,he 
band correspond with the readings of t he  pencil on the  engraved 
lines of t h e  drum. 

47. T h e  dismantling, cleaning, and refitting of the auxiliary 
Anli,iarJ inrtro- instrilments proceed hand io band with the simi- 

ments. lar duties in connection with the  self-registering 

tide-gauge. T h e  auxiliary instruments are :- 

Standard mercurial barometer. 
Self -registering aneroid barometer. 
Maximum and minimum thermometer. 
Anemometer. 



Of these only t h e  self-registering aneroid barometer and  the  
anemometer require dismantling, cleaning, and  refitting, and  these 
opcrations a re  carried ou t  a s  described in the  following paragraphs. 

48. The  aneroid should be compared with the mercurial baro- 

Aneroid barometer. meter and  i ts  clock should be rated. 
T h e  position of t he  pencil-marker on the  

diagram should be made t o  agree with the  reading shown on t h e  
dial, and adjustecl, if necessary, by  the  screw;  the  diagrams should 
be examined t o  see if the  marker is working freely ; if they  show a 
straight line, i . e . ,  no rises a t  10 o'clock nor depressions at 4 o'cloclc, 
then the marker  will be moving stiflly and requires cleaning 

Thermometer comparisons s l io~~lcl  be made between t h a t  on the  
aneroid and t h a t  attached t o  the mercurial barometer. 

The  clerk shoulcl be macle t o  read the  aneroid and mercurial 
barometers and  the  thermometer,  and t o  set t he  maximum and  mini- 
mum thermon~eters .  

The  diagrams shonlcl be examined, and  the clerk told if the  
inking in has been properly done or n o t ;  the supply of blank 
diagrams should be noted, to  see t l iat  there are  plenty for  future 
work. 

49. The  direction of the vane trlitl~ the wind, and  the marlr i r~g 

Anemollieter. of the direction on tlie barrel should be tested. 
T h e  upper pa r t  of the  instrument should be oiled 

and the cups so marked t h a t  tliey cannot be p u t  wrong. 
The  diagrams should be examined and  the clock looked a t ,  to see 

if new ca tgu t  or anyth ing  else is required. I f  t he  diagrams are  
faintly marked, t he  bearing of the  helices should be looked at-they 
should be quite free. I f  not, their edges should be cautiously 
cleaned with a piece of fine sancl paper. 

50. Before ellding his inspection, the inspecting officer should see 
tlie observatory clerk make a n  accurate comparison 

Miscel'allro'ls (lot- Of tile tide-gaoge clock, which, like all the  other ies hefore closirlg ins- 
pection. cloclis in the observatory, should be set  to  standard 

time, as  the title-tables are  now published in terms 
of standard time. Tile comparison may be made with the telegraph 
or gun-timc, nllomance being macle for tlie difference between local 
and standard t ime wliere necessary, and the result entered in t he  
report. 

The  clerk must  also sliow that ,  in addition t o  being able t o  rate  
the clock, he knows llow to bring i t  to  correct time when i t  is fas t  



or  slow, according t o  his printed instructions. A comparison of the 
reading of the  pencil 011 the  clrum wi th  t h a t  of the  band at the bed- 
plate,  a n d  with t h e  level of t he  water on the  graduated staff should 
be made a n d  recorded af ter  t he  t ide-gauge has been p u t  into adjust- 
ment .  T h e  inspecting officer slioulcl see t h a t  a conspicuous note is 
contained in  t h e  observatory report book, for  t he  information not 
only of t he  observatory clerk b u t  of t he  local official appainted to 
supervise him and  saperintencl t he  working of t he  obseriatory, to the 
effect tha t ,  whenever any  interruption in the  working of the tide- 
gauge  takes place, owing, e.g., t o  t l :e stoppage of tlie driving clock, 
hourly readings should be  taken  on the  cliagram by  clay and night 
dur ing  the  interruption. If for  a n y  reason these readings can not 
be taken, then  hourly readings of t he  graduated staff ( the zero of 
which should agree with t h a t  of t he  gauge)  should be taken by day 
and  n igh t  and entered in  the  daily reports. Shor~ld  this amount of 
frequency be unattainable, then  i t  is inclispeosable t h a t  readings at 
high and  low-water should be taken clay and  n ight  and registered 
i n  the  daily reports. If t h e  cause of t he  interruption be of so serious a 
nature as  t o  render necessary the  removal of the  instruments from 
t h e  observatory, t he  promptest information should be sent to the 
officer in charge of the  tidal operatiol~s t o  enable him to  arrange 
for a n  inspection a t  t he  earliest possible date.  T h e  inspecting officcr 
ends his inspection by  t ak ing  a note of whatever diagrams, ink, 
books, pencils or other necessaries are  requil.ec1 to  be sent to the 
observatory, 

51. T h e  tidal diagrams are examined and  prepared for reduction in 
the  head-auarters office in  the  follow in^ manner:- 

1 
~ ~ 

D 

Preparationof Vertical lines in red ink are drawn through each diagram0 lor rednct- 
ion. se t  of the points which have been marked by the 

clerk of the  observatory, showing the ~ o s i t i o n  of 
t he  penoil when the  clock indicated the  exact hours of 7 A.M., 10 
A.M., 4 P.M., and 6 P.M., irrespective of whether tliere was a clock 
error or not ; using these lines as bases, intermediate hour lines are 
then drawn,  which, when they cu t  the  curve, shorn the  position of 
t he  pencil when the  clock indicated each exact hour. The daily 
reports are  next  examined to  see if there a re  any  clock errors 
amounting t o  3 minutes or  more, as  compared with teleRrapl~ic time 
or gun signal; if there are, then ( x 's) crosses in red ink are mede 
on t h e  t idal curves, t he  a m o r ~ n t  of error, fas t  or slow, being 
mewured from the  rod lines which have just  been drawn. Tile limit 



of 3 minutes' error has been adopted because GB of an inch is the 
smallest distance which can be conveniently and  accurately laid down 
in measuring along the  curve, and  +r iucli = 3 minutes. 

If the clock is fast ,  the  cross is placed in  adva~zcs  of the hour- 
l ine; if slow, then  behiltd t he  vertical time-line. Thus, suppose the  
clock 4 minutes fast a t  2 P.M. t he  cross ( x ) is placed between t h e  
2 and 3 P.M. lines a t  &- of a n  inch from the  2 p.31. line; if, however, 
the clock mas slow by  4. minutes, then  the  cross ( x ) is p u t  between 
the 1 and 2 psalm lines at t5 of a n  incli from the  2. P.M. line. 
This error is distributed proportionately to  the t ime which has elapsed 
since the  clock was last corrected. As  a rule, however, there is rarely 
any correction of this  lGnd required, for when the  clocks are  properly 
attended to, errors of over 30 seconds are a t  once corrected by the  
clerks. 

Interrupted curves or  non-recorded curves caused by the  stoppage 
of the clock, or other suspension of the t idal registration, are  carefully 
filled in  by  drawing a curve in  dotted lines exactly between the  two 
contiguous instrumental curves. 

The  zero-lines, t o  which all the measurements for height  are  
referred, are  now laid clown as  indicated in the rules below, in which 
the terms ' true zero', 'working zero,' 'accepted value of t rue  zero,' 
and 'aclopted level of bed-plate' liavc tho following meanings :- 

52. Tlie t rue zero is t h a t  wlricli lias beell adopted in deter- 

'l'rne zero. lniliing tlie datum-line for heights in tlie tide- 
tables. I t s  relative level with regard to the bench- 

mark of reference is fixecl. As a rule, tlie zero co r r e s~~onds  to  t h a t  
originally adopted wllen the gauge was started, and  its distance 
below the  bed-plate was determined wllen t l ~ e  level of t he  bed-plate 
with regard to  the bench-mark was fixed. 

53. T h e  ~vork ing  zero is tlie level of tlie water with reference to 

Working zero. the  bed-plate, corl.csl)onding to the pencil being 
011 tlie zero-groove cu t  on the drum.  I n  s tar t ing 

thc instrument tlie working zero of course corresponds to  the t rue  
zero, bu t  from various caliscs the i n a t r ~ ~ m c n t  rnny ge t  out of adjust-  
ment, ant1 i ts  working zero [nay bc altered, Tlio position of the  
working zero on the  diagrani is always marked by t'he clerk rubbing 
over thc  groove cu t  in the drum with a hart1 pencil, I n  general at 
an  inspectiol~, the  working zoro is made to  agree with the t rue zero 
by adjusting the  instrument.  



54. The accepted value of the true zero is the distance of the 
true zero from the bed-plate, which was deter- 

Accepted value of 
truc zero. mined when the bed-plate was fixed as regards its 

relative level with the bench-mark of reference. 
5 5 .  The adopted level of the bed-plate means the level of the 

bed-plate with reference to the bench-mark, which 
Adopted level of 

bed-plate. has been adopted in determining the true zero ; as 
a rule this mill correspond to  the level obtained 

when the observations commenced. 

56. The inspection book must  first of all be examined to see 
if the bed-plate has altered in level relatively to 

Rules for fixing true 
zero on diagrams. the bench-marlc. 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 workir~g 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 
the4preceding and the following diagrams. 

I n  treating t,he diagrams for any period between two inspections, 
the distance of the working zero from the bed-plate must be taken 
ae the mean of the values obtained a t  the inspections. 

The following are the cases which may occur and the ways of 
adjusting for them :- 

I. Bed-plate t e t t l cd  below adopted Zccel.-The true zero will have 
to  be placed above the working zero a t  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 
than from the working zero. 

11. Bed-plirte raised /t6ove crtloptcd /cwJ.-ln this case the true 
zero will be placed below the working zero. 

111. Bed-plate ~r,rr t / fered our l  workit,g zero a /  grenler di8ta*ce 
from bed-pla(e t6an u c c q ~ t e d  cnlue Jb,  l , . ,~e  zero.-The true zero in 
this case will be placed cibour the working zero. 



I V .  Bed-plate rrnalter.ed alrtr! roorlcin.9 z e ~ o  at less distance frortr 
bed-plate t h a u  accepted coltre for  t rue  ze~o . - In  this case the true 
zero will be placed belozu the working zero. 

V .  Bed-plate  sett led and wo?.kitig zero at  greater distawce ,/r.om 
bed-plate /hn?z l r ~ i e  zel.o.--In this case the true zero mould be placed 
above the working zero a t  a distance equal to  the S I L ? ) ~  of the  c o r n c -  
tions on account of each event. 

V I .  Bed-plate  settled and zuorki~zg z e r o  a t  less distaltee from 
bed-plate t h a n  true zero.-If  the correction for settlement is the 
greater of the 1 2 ~ 0  the true zero will be placed c~bot?e the workinp 
zero, and if the correction on account of the difference of zero-mea- 
surements was the greater, then the true zero should be placed be2010 
the working zero. Obviously the amount in each case would be the 
difference of the two corrections. 

V I I .  Bed-plate  ~maised and d i s la~ ice  o f  zuorking zero . f rom bed- 
plate less tnnjt tha t  accepted /o r  f r u e  ze).o.-In this case the true 
zero would be placed below the working zero a t  a distance equal to  
the sum of the two corrections. 

V I I I .  Bed-plate rczised aqsd r l i s l a ~ ~ c e  o f  zuorki~zg zero . f rom bed- 
plate greater,  stc.-The true zero should be placed below the work- 
ing zero if the correction on account of the raising is the greater, 
and abor:e if the latter correction is the greater. The distance bet- 
ween the two zeros is the difference of the corrections. 

N.B.-If t h e  de te~mina t ion  of t h e  t rue  shows tha t  t he  norking zero comes wi th-  
in 0.005 of the  t , r ~ ~ e  zero o n  the diag~am, t h e n  no correction it;  considered necessary, and 
t h e  working zero IS used as tlie line of reference in rueasulslng the  Iieigllts f rom tlie 
d~agram.  W l ~ a t  is meant by b e ~ n g  w i t l ~ ~ n  0.005 on the dmgrain is the actual  difference 
between tlie true ~ i n d  working zero3 reduced to  scale 

W a t e r  getlitig in to  the  $oat or a break i n  the  couwterpoise chain 
on t h e  side of the  colc?a/erpoise weiyht  would have the effect of 
making the working zero nen~-er  the bed-plate than the value former- 
ly obtained, and this would have to  be treated under IV ,  VI, or V I ' I ,  
according as the bed-plate hall remained unaltered, had settled, or 
had been raised. 3 

A break in l i r e  o o ~ ~ ~ t t e ~ ~ ~ o i s e  roeight on /he  $oat side.-This has 
the effect of lowcring the working zero and is treated under 111, V, 
or V t I I ,  according as the bed-plate is unaltered, has settled or has 
been raised. 

A kink  i n  the bni,d.-If  this occurred, aud zero-measurements 
were taken, i t  would have thc effect of showing the zero so deter- 
mined as being nearer t l lo  bed-plate than i t  wortld be if the kink 



were removed, and if the band righted itself in the course of work- 
Ing, the determination for zero a t  next  inspection would be a t  a 
greater distance from the becl-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 
st:ttled by . . . . . . or raised by . . . . . . 

N o  correction necessary, or correction under rule equal to . . . 
has been applied to all diagrams from . , . . to  . . . . . . 

(2)  Dist'ance of worlting zero from feet 
bed-plate a t  . . , . of in- 
spection of . , . . 192 . . . .  

Distance of ditto ditto = value 
. . . . . of inspectioil of from . . to . . 
. . . . 192 . . . . .  

Correction on account of ( I )  or (2') or (1) and (2)= . . . . 
above 

applied, and the true zero has been placed . . . . . . . below 

the working zero from . . . , to  , . , . 
No other inspection having talien place, the value of the work- 

ing zero a t  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 rule No. . , . . . 
Cases may occur ~vliiclr will have to be specially treated. All 

ordinary cases are here dealt with. 
Intermediate lines, generally about 6 inclles apart, are now laid 

dowu in red ink parallel t o  the t r u e  zero-line to facilitate the mea- 
surements. These are made wit11 paper scales differently divided, 
according to the scale which may be adopted for the tidal diagram 
in  each instance. 



S u r b e ~  o f  % n b i a  
- 

THE TIDES 

CHAPTER Ill 

The Tidc Predicting Hachine 

I .  This ~nach ine  mas constructed by  Messrs Lkgk and  Cw for 
the Indian Government  under t he  supervision of Mr .  E. Roberts 
in 1879 on principles suggested by Lord Kelvin. It was brought  
to India  in October 1921 and  erected at tlie office of t he  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) .  

I t s  object is t o  predict the  tides for  a n y  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, b u t  t he  depths of water a t  any  and  every 
instant, showing thereby a continuous curve, for  a year or any  number 
of years in advance. As  already explal?led in para 16 of Chapter 1,  
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 t o  avoid the  labour which would be necessary t o  obtain the  
results by direct computation. 

2 .  I t s  mechanism depends on the  following ~ r inc ip l e s  by which 

Principle of hfachine. simple harmonic motions can be compounded in 
one line. 

I f  any  number of pulleys be so placed tha t  a cord passing from 
a fixed point half round eacli of them has i ts free parts all in parallel 
lines, and if their centres be rnoved with simple harmonic motion 
of a n y  ranges and any  periotls in lines parallel to  those lines, the 
unattached end of the  cord moves with a complex harmonic motion 
equal to twice the surn of the given simple harmonic motions. 

As  the  movement of the pen is equal to  double of the  ampli- 
tude owing to the cord   as sing over the  pulleys, the  factor used in  
computations are so arranged t h a t  they allow for this, and give half. 

I f  tliercfore a hanging yen-box, consisting of a brass ink-bottle 
with a pen, be attached t o  the  cord, the pen will trace a continuous 
curve on a long band of paper moved horizontally across the line of 



motion of the  pen by a vertical cylinder geared  t o  the revolving 
shafts  of t h e  machine. 

Ry this  methocl a curve is obtained g iv ing  the  heights and times 
of t he  tides for  every day  in  t he  year from which measurements can 
be made l ~ o r i z o ~ ~ t a l l y  and  vertically for  t he  t imes and  heights to be 
recorded in the  tide-tables. 

Heights  also can be read direct by at taching a wooden scale 
graduatecl t o  feet  and  inches in f ron t  of t he  pen guide, and merely 
est imating the  heights of high and  low-water a s  a fixed line on the 
pen-box a t  the  same level a s  t he  pen reaches the top  and bottom of 
i ts  run. This  metl~ocl is very t i r ing  t o  the  eye ancl neck, and is 
also liable t o  error th rough parallax when reading the  scale, and is 
therefore t ~ o t  recommended. 

3. 11s a t  times there is a difficulty in  estimating to  which precise 

Reverse cnrve. 
point t he  horizontal or t ime measurements for high 
or low-water on these curves should be made wl:en 

they  become flattened, the  machine can also be se t  (by changing the 
phase angles of the  components by  90') t o  run a revcrse curve, on 
which the  intersections of the  curve on the  mean-sea-level line represent 
the times of high and  low-watkr. 

4. For time predictions a new Chronograph method has been intro- 

Chronograph method.  
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 st,rip fixed a t  the mean-sea-level. This contact 

is electrically recorded on a chronograph drum, which is revolved by 
means of t he  S, mean solar diurnal component on the  machine. 

T h e  machine being set  to run a reverse curve, as  above, a chrono- 
t ime chart  is obtained, on rvl~ich each separate line, of about 22 inches 
in length, represents a day's motion, and  the clicks thereon represent 
alternately the  titncs of high or low-water. The  chrono. drum is 
set  t o  commence and end a t  noon standard t ime for each 
day, and  the noon line is recorded by means of a click made by 
recording a contact on the  drum a t  t he  commencement and end of a 
year, or any  other period of observations. I f  a line be ruled between 
the  first and  last click so made, t he  no011 line is obtained, and by 
sub-divisions the  R hour lines are  ruled in from which the measure- 
ments a re  taken. 

By this  method i t  is possible t o  measure t h e  pedic ted  times of 
high and  low-water more accurately on the  greater length of paper 
allotted to  each day viz :-22 inches of paper as  agoinst 6 inches on 
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the ordinary tidal cnrve. Moreover the  exact times of high and low- 
water are directly registered and have not t o  be estimated. It is 
hoped therefore that ,  by these means, the  time predictions may be 
iml~roved. 

This renders the orclinary syst'em of checking proofs, (and t,he 
measurements and copy from which they have resulted), quite simple 
by the met<hod of reading the  differences of times of alternate high 
waters, as the  differences, which are obtained from these more exact 
measu~.ements, 2re smooth, ancl no snlootliing of times is necessary, 
as used to be the case with the  old methocl. 

5 .  A further clevelopment of the chronograph method has lately 
been suggested by Dr .  J. de Graaff I3unter RI. A., Sc. D., F. Inst.  P., 
\vho has devised a similar arrangenlent with multiple contacts corres- 
ponding to  successive values of ordinate, which records the  main 
character of the orclinary height-time cllrve. This arrangement indi- 
cates the times the  predicted height of water reaches the various 
selected heights and forms in itself an ideal tide-table, such as is 
mentioned in llarwin's Tides, 2nd Edition, p. 200. Copies of such a table 
coizld be vandyked or reproduced for issue to  navigators, who wollld 
have to  read off the information for themselves. For the  present how- 
ever we are concerned with the preparation of ordinary tide-tables 
aiving the heights ancl tinles of high ancl low-water only. Tbese h 

can be obtained, precisely as esplaineci in para 4, from a chrono-chart, 
without the necessity for running a separate height chart ,  the  whole 
record being obtained on 2 pieces of paper each only 22" in length, 
as against 100  to 200 feet of paper reqnired for the old 3" and 6" 
height-time charts. 

6. W e  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 f t .  8 in. wide by 3 f t ,  tleep, 
supported on two standards. Upon the plate supporting the crank 
axes of the different movelnents are fitted the whole of the guide 
pillars aucl bars of the parallel slides-hereafter described. A t  the  back 
of tho plate, and distant froin i t  sonle fi in., arc bolted two skeleton 
plates-Fig. 1-carrying the other ends of the crank axes, which 
aro provided with pointers u for setting, and also dials 6 divided 
into degrees, or to 3 6 0 t h ~  of tlie period of the tide component. 
Betweoli tlie plates are a 'l~orizontal rimin sliaft c, and four oblique 
shafts dl turning in the same time, the oblique shafts being driven 
through the main ybaft, two from each end. 
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7. The machine is driven b y  an electromotor, the main shaft re- 
ceiving its motion froin the  driving gear through tile approximately 
vertical shafts e pinned together. Rivetted t o  the oblique shafts are 
the  bevel wheels f,  which are geared with o t l m  bevel wheels g, pro- 
vided on their axes with endless screws A working into wheels i on 
the  crank axes of the  several components. The  cloclr-driving gear 
also gives motion t o  the  centre recording barrel j-Fig. 3-and 
through i t  t o  the  receiving drum barrel. The  tracing point moves 
vertically up and clown in the  frame immediatelv in front of the 
recordiilg barrel. 

8. The chief difficulty in the  construction of the  machine is the 
finding, wit liin reasonable limits, of proportions which represent with 
sufficient accaracy tlie periods of the respective tide components, in 
order illat the  m a c l i i ~ ~ e  may bc used for a considerable period of pre- 
diction-say for twelve m ~ n t h s '  ticles. Very ~ r c a t  success has been 
attained in this respect in tlie present instrument. For instance, 
the  error of the  period of tlle chief component-the mean lunar 
semidiurnal-relatively to  the mean solar semidiurnal, is inappreciable 
during a whole year's predictions, amounting t o  about 0.10 deg. 
only in a period of fifty years. The greatest deviation from strict 
xccilracy is 0 . 3 7  deg,  after a run representing twelve months. This 
is, however, one of the  smaller components, and inseilsible in its 
effect. This part  of the  design may tlierefore be regarded as practically 
perfect. 

9 .  A crank k, Fig .  2, is fitted t o  the axis L of each compone~t. 
A sliding piece, carryiiig a steQ p i d i n g  m for setting, is fitted 
i l l  each crank. The guiding is thrown out  from the centre of 
the crank axis by means of a fine-cut screw and micrometer head#. 
Tlle requisite distance of the  throw of the  !guiding pin muat be 
previously determined by the  proper analysis of tidal observations 
of the port for which tlle predictions are required. It may be here 
remarked tha t  a year's tidal observations will yield fairly good 
constants, b u t  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 cod with an 
acljristable rteel rod q ,  moving freely in two pillar guides, drilled 
out nearly their entire length t o  reduce the touching parts to 
minimum. The opposite end of the  crossliead carries s projecting 
fork, which travels with freedom on either side of e narrow, flat 
brass bar srlpported on pillars. The steel rod of the crosshend 
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balanced by an  adjustable sliding weight, fittecl 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 counterpoisecl by a cord ancl 
weight passing over pulleys at some distance above it,, in a vertical 
through its centre of gravity and the axis of tlie pulley. A t  the 
back of the crossheacl are fitted two parallel steel jaws $, the lower 
one adjustable, in orcler that  tlie clistance between tliem can be 
regulated. Both the brass bar guide ancl tlie steel roc1 guide are 
divided to  millimetres; the brass bar guide for approximate and 
the steel roc1 guide for the acciirate adjustment of the throw of the 
crank pin, for which purpose the ilpper pillar guide of the steel 
rod is furnished with a vernier. 

10. The head of the micrometer IL is also divided and may be 
used with the divisions of the brass bar guicle. Tlie pulley cross- 
head is movable on its steel rod for the perfect adjustment of the 
pulley about the centre of motion of t l ~ e  crank axis. A fine 
toothed wheel f is fitted on a slottecl cone u, wliicli can be clamped 
to tlie crank axis by means of a screw nut v. This contrivance is 
necessary, because each of the components requires t o  be set i n  
its proper position, previously determined by calculation at the 
comnlencement before starting the machine. The setting dials b 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-clial in the centre of the 
machine-see the illustration-passes alternately under and over tlie 
pulleys of the lower and upper series of components, till, leav- 
ing the large pulley, i t  hangs vertically above the ink-recorder slide. 
The mirc carries a t  its free end an ink-bottle fitted with a fine 
brass recording pen. The ink-reccjrder travels in a geometrical slide, 
and is suspended to give just sulficient pressure to  ensure contact 
with the paper of the recordi~ig barrel. The recording barrel is 
titted with braes pins at equidistant intervals, to  form the time indi- 
cations on the paper by 1 erforstion. 

The time lines are ruled a p  by hand through the machine perfora- 
tions, when tlie traced paper has been rcmoved froni t l ~ e  machine, 
a whole year's rulings only occupying about an hour and a half. 

12. An itidex for setting the recording barrel to time is fitted behind 
r '  the franlcwork near tllc upper axis of tlic barrel. l h e  paper, wl~iclh 



is continuoas, a n d  supplied from a reel 20, Fig. 3, passee roilnd two 
wooved rollers z a t  the  back of t he  recording barrel, and is held in a 

position whilst  t he  pins enter t he  paper, and  af ter  receiving the traced 
curves, is wound round the  receiving barrel y. T h e  receiving barrel 
rests on  toothed driving wheels, which are  driven by the  recording 
barrel, a n d  by friction tu rns  ancl slips t o  accommoclate itself to  re- 
ceire  t he  recorded paper. 

13. T h e  machine nsecl t o  be run when in Englancl by means of a 
small  water motor and  a fal l ing weight.  As an  electromotor is now 
used the  lower pa r t  of the  inschine viz :-the corcl barrel, clockwork 
gearing, warning bell e t c ;  a re  no longer utili,secl but they are left 
in  position, a s  their  weight  serves t o  stsbilise t he  machine. 

14. T h e  se t t ing  of the  machine for  t he  prediction of any  port for  
which t h e  t ide components a r e  known is a s  follows :-The tlinls 
b a r e  first tu rned  so t h a t  t h e  epoch or  t ime of maximum is exactly 
under or  above t h e  highest or Ionrest point, accorcling as the compo- 
nent  is situated on t h e  upper or  lower row of components. 

T h e  cranks k are t hus  set  vcrtically-ancl the  setting of the 
amplitudes or rather half amplitudes of the  components is carried out 
with all  t he  scl.ewheacls of the micrometer boxes on the  front  of the 
machine turned downwards, tlie slottecl cone v of the  wlieel /; on the  
axle 1, having  been firqt relcasecl-ancl the guide pin 7 1 ~  thrown out 
t o  i t s  proper range  accoriling t o  scale reql~ired to  represent the half 
amplitude of t he  compouent. 

Tlre set t ing of tlie dial llointers on thc back of tlie rnacliille 
having been dete~.rnioed p r e v i o ~ l s l ~  by c~lcculation for  the time of 
s tar t ing,  t he  dial arc  set  and  the slotted cones are  tiglitent.d 
UP. T h e  recording barrel is tlien set  t o  t ime and  t>lie wheelwork set 
in  motion. T h e  complete set t ing only occnpies a few minntes. 

15. T h e  date  dial in the  centre is to  sliom the  progress of the 
record, which can be marked occasionally t o  facilitate the entry of the 
dates af ter  the recol*tl has been removed from the machine. Soon ,  lni(l- 
night ,  kc. ,  a re  distinguished from the  llerforations of the other llollrs 
of the  day b y  a few s l l p p l c n ~ e n t a r ~  TWO speeds of travel can 
be given t o  the  paper, viz, 1 in. and  4 in. ller h o l ~ r .  A fixed vertical 
rod near the  ink-recorder slide carries rll]inR petls for tlio tracing of 

lines, such a s  docksills, river bars, or meall tide levels. If desired 

the paper can thus  be rnlcd its e~l t , i re  depth t o  represent feet, metres, 
be-, as i t  passes through the maobiuc. 



I n  practice i t  has been rlsual to  mark  t w o  horizontal lines only- 
one representing Indian spring low water mark as  defined in t he  t idal 
reductions and the  other mean sea level. 

16. An idea of t he  saving effected by  the  machine may  be gat,hered 
from the fact  t h a t  i t  would take a computer no t  less than  5 or 6 
r n o ~ ~ t l l s  t o  obtain the  results by  computation which can be obtaincd 
by measuren~ent  in a few days from the  curves run on the  machine. 
The  machine actually runs off t he  t idal curve for  one port for  height 
ant1 t ime in 2bont 4 hours. I f  height  and t ime are  done separately 
8 hours will complete the  two curves requireel. 

17.  T h e  value of the machine will be very grea t  in a n y  \\rorIi 
where the  whole tide-curve is of service, and will be of great  value in 
engineering works in which a foreknowledge of the  ticles is necessary, 
such a s  in constructing the  foundations of quay walls, embankments, 
dock sills, kc. ,  the  whole t ime dur ing  which the work call be prose- 
cuted being seen a t  a glance for every ticle. 

y0.l '~~ REQAl1I)INQ ACCEBSORIES ILEQUIRED FOR THE TIDE-PILEDICTING 
MACIIINE. ' 

18. This  should be reeled ou s tout  strawboard centres of 2 inches 

Paper. 
internal diameter and not less than  4 inch in 
thickness. T11e rolls should contain from 800-850 

c o ~ ~ t i n u o u s  feet of paper, which is sufficient fdr 41 curves on the  6-inch 
or 8 crlrves on the 3-inch scale. T h e  outside diameter of t l ~ e  
roll shoulcl not esceecl 8 inches, therefore if thick paper is used i t  
may be necessary to  make rolls large enough to  rnn off only 3 curves 
OII  the large! scale, (about G O O  feet of paper). The width of t he  
1 n 1 ) ~ r  s l~onld no t  bc more than 22 inches nor lese than 21 inclles. 
~1'11c last supply was obt,ainecl throng11 H. M. Stationery Office and 
Ivcvionsly f r c ~ n  Ricsst-s Joliu Diclienson, Old Bailey, London. 

1 Tlie 1vi1.c originally used was Lrass wire 0 .  OOG inch diameter. 

M'irc.. T l ~ c  \virc used in England prior to  the  shipment 
of' the  maclii~ie to  India was pliosplior-bronze 0.005 

il~cll diameter. This  wire was tricd in India bu t  was found very britt,le 
ant1 easily s ~ ~ a l ) ~ ) e ( l .  It was moreover difficult tjo pr1t on the  machine, for 
t l ~ c  same rcason. A very s t rong woven fishing line was tried b u t  
proved too extensible for the purpose. 
:I satisfacto~.y wire has since been obtained for the machine, 

~vhicli ia it1 use at p r c ~ e ~ ~ t .  



20, Cord. Tlie counterpoise corcl is -silk eye-glass cord. 

21. The old pens with glass points were supplied by Messrs L6g6. 
Pens. As these glass points mere continually breaking 

new brass points were made locally, which have 
miren fa r  finer lines and cleaner curves. 3 

22.  I n k  made from red Eosine powder dissolved in water is satis- 

Ink. factory, about one table spoon of glycerine being 
mixed wit11 each pint  of solotion. Too much glycer- 

ine causes a thick slow drying trace. 
28. These scales which wcre supplied by the  National Physical 

Laboratory, Teddington, Englancl are 12.025 
Emlea for time inches in  length (2 days) divided into 2 equal 

measurement direct 
on h e i ~ h t  chart. parts  of 2-1. hours. Each hour is divided into - 

10 parts measwing 6 minutes. It woulcl have 
been better had these been 6 parts of 1 0  minutes. Also the scales 
were made 1 2 . 0 2 5  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 hacl a slightly larger circumference 
than paper of the  normal thickness. The scale in use is of box- 
wood with ivory inlaid scale glued i o  the  edges of the  wood. A 
finer edge on plain boxn~oocl worllcl be an  advantage. As the 
method of mcaauring times direct from the  height chartl is not 
much used now, there ie 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 meaqur- alternately A and M, (afternoon and morning), 
inu timen for rivernin 
~ o r t e .  each ' A and M ' is divided into 12 parts each equal 

to  I hour ancl again into subdivisions of 4 an hour. 
Two set squares were also necessary for use with the above scale., 
Instead of this scale and the  set squares wliich were used in 

Kngland celluloid scales have been prepared on the 24 hours system, 
each consisting of h c a l e s  jointed at mean sea level. The horizontal 
scale is set in proper position to read the lieight and time corrections 
on the  vertical scale (which itself consists of 2 scales actually set a t  
6 hrs. apart by scale). Tlie reasons and use of this scale are explained 
in paras 110 and 129-132 oE Chapter I. 

26. Twelve wooden scales 1 foot long have been made for this 
purpose with central portion 5 5 1 inclies etluivalent 

F u l e  for meaaaring 
chrono-aheet. to  6 hours in time with primary clivisions to show 

mingle hours, one end being divided into secondary 



divisions t o  show 10 minutes, with subdivisions t o  2 minutes. T h e  
length 5 . 5 1  was adopted instead of 5 50 to  allow for  the  normal thick- 
ness of the  paper, which, when stretched on t.he chronograph d rum 
has a slightly larger circumference than  the d rum itself. 

26. l%r height measurements the  following scales are used 4, $, 1, 
1 ,  2, 8 and 4 inches to  1 foot, divided into 

Gcales for height 
measurement. equivalents of feet  and  inches. 

T h e  following list shonrs the  scales used for  
the various por t s  :- 

4 inch. Bhivnagar .  
inch. Rlergui. 

1 inch. Karachi, Okha  Point, Por t  Albert  Victor, Bombay Apollo 
Bandar. 

14 inch. (Maskat),  Yorbandar, False Point,, Akpab, Diamond Island, 
Bassein . 

2 inch. Suez, (Periln). Aden, Bushire, Marmagao, Kiirwar, 
Cocanida, TTizagnpatam, Po r t  Bla,ir. 

3 inch. Ba.srah, Beypore, (Minicoy), Madras, Elephant  Point*. 
4 inch. Cochiii, Ti~t~icorin,  Pgmban Pass, Galle, Colombo, Trinco- 

malee, Negapa.tani, Dublat,, Dianlond Harbour,  Kidderpore, 
Chit tagong,  Rangoon, Amherst, Moulmein. 

27. No. 1 Tid Pred. C ~ m p u t a t ~ i o n  form for  set t ing and  checking 

Farms. machine for height or height and  t ime c.ombined. 
No. 2 Tid Pred. Computation form for set- 

t ing  and  checking niacliine for  t ime only, (Ch~ono-method).  
No. 3 Tid Pred. Computation form of height  and  times for  

Riverain p o l  t predictions. 
No.  4 Tid Pled. Form for e l~ t e r ing  tide-tables for open sea-ports 

for press. - - 
No. b Tid Precl. do d o for Hooghly K.. 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 d o for  Moulmein R, ports. 

NOTES O N  TIDE MACHINE A N D  TIDE PRED~CTING. 

28. mefore atteml,t8ing to  l ift  the top portion of the machine, 

Erection. 
the dials alld main drive s l ~ a f t s  should be removed, 
in orclcr to lighten it sufficientJy for four coolies 

to l ift  



Two sound wooden poles 6 feet long 3' cliam. should be lashed 
firmly t o  the  frame, and their ends t ightly securecl to t.he top dial 
bracket, so t h a t  when these poles are raisecl t l~el-e is no danger of 
over-turning. 

The top portion should be raisecl from the floor on to the base 
of the  machine in two stages ; lirst frorn the  floor on to t w o  high 
skoals, then the coolies can ge t  their shoulclers under the poles and 
carry the  top portion straight  forward on t o  the  base. 

Two holding down bolts should be put in at  once, but, before all 
four can be fitted, it will probably be foond 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  u p  the dial plate, remove all the  worm shafts, so that the 
crank spindles can be swung round freely by hand. 

The  clial plate is fixed by five bolts thus :- 

The1.c is a certain anlount of play in the  bolts H, C, D, E, no 
tha t  the clial plate can be rocked slightly about the  bolt A.  

Make t,he bolt A fairly t ight ,  then find the position for lhe dial 
plate in which all t8he crank spindles will rotate quite freely in their 
bearings, and then clamp A, R,  C, D, E, so as to fix the dial plate in 
this position. 

Pu t  back the worm #hafts into poeition. 



CHAP. 1II.J THE TIDE PREI)ICTING M A C H I N E  

2 9. TABLE AND D I ~ ~ G I ~ A M  OF COIIPONENTS :-The following table 
shows the  names of t he  'rides, with their symbols and numbers inscribetl 
on the tide-predicting machine. 

Y, I Principal or meat, lunar (semi-diurnal) . . . I 1  
I 

! I 

Principal or mean solar (semi-diurnal, . . ! - 9 

Luni-solar declinational (diurnal) I 3 

Larger  lunar ,, 9 9 4 
" '  / 5 Larger lunar elliptic (semi-diurnal) . . . 

I 

I 

Symbol Narne of Tide 

i 

I Larger solar declinational (diurnal) . . . 
Luni-solar declinational (semi-diurnal) . . . 

1 Lunar  ' variational' (semi-diurnal) . . . 

Nrlm bered 
on 

, machine 

' TJaryer lunar 'evectional' (semi-diurnal) 

Smaller elliptic (semi-diurnal) ... 

Larger solar elliptic (semi-diurnal) ... 
Tlarger lunar declinational elliptic (diurnal, 

. . 
I 

- -- - - - 

2 q  01. Ssn I Solar (semi-annual) declinational . . .  

J 

,M S 

2s ;\I 

Supplementary lunar declinational elliptic 
(diurnal) ... 

Compound luni-solar (quarter-diornalj . . . 
Compound luni-solar (semi-diurnal) . . 

r, or S a  I Solar (anriunl) elliptic . . 

Mi 8z M,; 

S, 
2N 

h1,N 

2M3K, & MPKl 

Two mean lr~nrtr over-tides of the semi- 
diurnal tide . . .  

Mean solar (diurnal) .. . 

S e c o ~ ~ t l  order lr111a.r elliptic (semi-diurnal) 

Coml)ound lunar (quarter-diurnal) . . 

'L'wo componntl lunar (ter-diurnal) tides . . . 



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

CHAP. 11 I . ]  THE TIDES 

DI.\GIL.~M :-The following d iagram shows a back view of the 
mac l~ ine  with sym hols and numbers of each tidal component. 

:30. See that,  wlren the rn,illed heads on lrllc o-anka are dowrr!flflrd8, 
the diut poiniers are verticalZ.y upwarda. See that  

Poiutr o b r ~ r -  all gears, worms etc. a re  marked with the number 
ved before starting 
the machine. of the component which they are working (gee 

Table on previous page) .  
See tha t  the  worm gears are  well in t he  t,eet,h of the wheels they 

drive, utllrrivise tllr teeth are  likely to  ge t  destroyed, also tha t  there 
i s  not rnlloh play in the worm s h a f t ;  t h a t  all shaft. are  
t rue  ant1 all bearings well oiletl. 

There must be n little play in the  worm rhsf ta  or their 
b r i n g s  will run hot. 



31. S e t  al l  components t o  read 90' or 270' on the dials and 
clamp. T h e  fixed dial pointers should read 0'. 

Setting verniers hnd 
scales. Tak ing  each component in turn, loosen t'he 

clamping screws on the sliding rod and bring the  
top line of t he  scale on the rod in exact a l ignment  with the tot) line 
of the tixsd vernier. I11 the  case of S,, one of the  cent.re long lines 
of the  scale on the  sliding rod should bc se t ;  otherwise this  rod ma!. 
hit  t he  pen guide. 

Then se t  t he  numbered a l n m i n i ~ ~ m  scales to  zero. 

3 2  S e t  all components to  YO0 or 2i0°. 
W i n d  about 60 feet of wire carefully on t o  

Winding on wire. 
a fishing reel with a fairly st,t.ong check actioil. 

Fix the  reel upr ight  on the  floor below the  pen gnicle. Open 
the back of t he  pen guide and  draw t8he wire through i t ;  attach n 
weight to  t he  free end of t he  wire, pass the wire over the  pulleys 
of M,, S,, K, etc. in rotation keepiug a steac1.v strain on i t  all the  
t ime;  at a n y  s top allow the weight t o  hang  Freely keeping the  wire 
in tension. 

When the M, pulley has been passed, cartmy the wire stra,ight 
down t o  about  12 inches from the floor and  let t,he weight hang  free. 

Hold t h e  wire near the reel firmly and  cut .  

Keeping the  weight  hanging  free, so as  t'o keep the  wire in ten- 
sion, a t tach the  other end by a loop t o  one of the hooks on top of 
the pen-box. 

There are  three hooks on tlit! pen-box or moving pen to which 
the wire can be attached. I t  has been found in practice t h a t  t he  
central hook serves all  purposes. However in case of deficient or 
excessive contact of t he  pen with the  pa,per, (or the  wheel with the 
copper contact in the chronograph metllod), the wire may be attached 
t o  the  back or  forward hook t o  improve mathers. . 

Pull steadily on the weighted end of the wire until the pen is 
about 6 inches above the  bottom of' the pen guide. 

r i  l l l e  pen will now maintain the tension in the wire. Hold the  

wire firmly near the  weight and cu t  off the weight. 
Keeping inhe pen hanging free about  I 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 t,he rim of the milled screw on the brass plate 
and fix i t .  W i n d  u p  tile wire on the screw until tlie pen is at the 
middle of the pen guide and c la~nl ) .  



Great care must be taken to  keep the wire always in tension or 
i t  will kink or spring off the pulleys. 

The machine is now ready for setting. 

SPTTING AND RIJNNIPU'Q THE MACHINE 

33. The method usually adopted for predicting times of tides is to 
obtain a chronograph chart for times by t,he method 2 described 
hereafter and then to obtain heights inclependently by method I ,  but, 
as method 1 was adopted in England for both time and height 
combined, and is the method for which the machine was originally 
in tended, this method is described first. 

34. For heighI or height t~nrl  l ime dingrant combined. 

Mcthod I .  First clean the two tixed pens and the moving 
pen and fill with ink. 

If the ink runs too freely, put pills in the airholes on top of 
the pens. 

The moving pen should be suspeucled from one of its hooks, 
(generally the central one), so as to have the pen pressing sufficiently 
against the paper on the drum. 

35. Put  the drums in position with the paper roll on the drum 
A on tlie motor side of the machine. 

Putting on the 
paper. See that  the points on the big drum C run  

freely in the two grooves on the roller H. 
Wind the paper as in the diagram below :- 

36. Set  the upper of the two fixed pens so as to  malie a line 

Setting upper fixed about 11  to  1 1 + inches from the bottom of the drum; 
pen to mean-sea-level this is the mean-sea-level line. 
line. 

37. I n  the case of Riverain ports the lower or rlatnm-line pen 
is not set. 

Pettina lower or 
datum-line ~ e o .  There are altogether 9 Riverain ports viz :- 

Rasrah, Dnblat,, Diamond Ilnrhonr, Kidderpore, 
Chithgong, A mherst, Molllmein, Elephant Point,, and R.angoon. 

In the case of all other ports, set the lower or datum-line pen 
to the measured distance to scale of title datum below mean-sea-level 



for the port in question which is published in the tide-tables and 
is also given in table X X I  at the end of chapter I.  It should also be 
entered in the Form 1 Tid. Pred. as A,. 

38. Set all dial pointers without clamping to 9U0 or 270° and verify 
tha t  all verniers and scales are at  zero. Then, by 

Setting movinc per1 
t,o mean-sea-level. 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 i t  should. 

39. The amplitudes and phases of tlie angles for setting on the 

Dat l~  for setting. machine are those obtained from the Form 1 Tid. 
Pred. 

I n  the case of Diurnal charts for Riverain ports only 8 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' 

Setting amplitodes. or 180°. The fixed pointers on the dials should be 
a t  0°, so that  the milled heads of all the cranks 

are downwards. 
Taking t,he 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 t.he graduations on the milled head to set the 2nd 
decimal place. (One small division on the milled head= 0.025 
millimetres). 

41. Move the drnm C towards the drum D so as to draw a fresh 
portion of paper around the drum. The moving 

Check on position 
of pen. and the 2 fixed pens will all trace - lines on the 

paper. 
The distance between the mean-sea-level line and the t'race of 

the moving pen can be measured off by means of a pair of com- 
passes and read off from a rliagonal scale and compared against the 
pen-height calcnlatetl 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 inch can be accepted. Wire 



slackness can be detected by tu rn ing  al l  t h e  dial pointers back to 
90' or 270°, when t h e  moving pen should again coincide with the 
mean-sea-level line. I f  not; the  process of se t t ing  the pen on the 
mean-sea-level line should be repeated, and  wlien t,he dial pointers 
are  again turned to  9 0 '  or ?YO0, the  pen height  shor~ld check. I11 

running the  machine i t  is found t h a t  t he  wire slacicness is taken up, 
and  this  can  be verified by the  final pen-check afterwards describe?. 

It may  be here remarked t h a t  t he  movement of the pen is 
equal t o  double t he  amplitucle, owing t o  t he  wire rouncl the pulleys. 
T h e  factors given allow for  th i s  and  give half i.e.--in the c o n ~ p ~ ~ t a -  
tion the  pen height  is obtained bv cliviclinq t h e  result of the  summa- 
tion by  1 2 . 7  instead of 2 5 .  -I4, t h e  number of millimetres per inch. 

42. 'I'he dial pointers are  now set  t o  t he  phase angles and clamped- 

Setting Dials. these phase angles a re  obtained by subtractin< 
from 360') in orcler t o  avoid the  machine trac- 

i n g  a reverse curve, vide para 3. These dials should ordinarily be all 
clamped as  t i gh t  as possible by hand. If a spanner is used, i t  should 
be very 1ightJy applied, as the  dials tend t o  t igh ten  up  when the 
machine runs forward, and  the  teeth of t he  wheels are  liable t o  get 
damaged while working a n d  especially when unclamping. 

T h e  phase angles a re  checked over a f te r  clamping, ancl the position 
of the pen, checked as before, should give the  value R2 within the same 
limits as mentioned above. A furt ,her check can be applied by checking 
the  values R M Cos .9(i0° - c) on the  opposite side of the  machine in 
case of gross error. 

43. T h e  above set t ings set  t he  machine for  local mean noon on - 

28th December of the year preceding t h a t  for which 
GeUliog to Stand- 

ard Time. t h e  height  predictions are required ; the big pointer 
on the  date  dial should be set  to this  date. 

I f  t he  tide-table is in  standard time, t he  machine must  be run 
forward o r  back by hand until the  correct value for  S, is obtained 
(see fable XXI, Chap. I). I f  t he  machine has t o  be run back, this should 
be done amoothly and  slowly t o  avoid loosening a n y  of the  components. 

44. Having  set  the  machine t o  standard t ime as above, set the 

Selting the  d~.r~rn.  drum for t ime as follows :-l'lre recording drum is 
fittetl wit11 brass pins a t  eqrlidistan t intervals to form 

the  time indications 011 the 1,aper by yerEuratiorlo :-vide diagram 
opl~odte.  It will be seen tha t  starting with the  central pin of a grollP 
of 5 pins we pass over in s ~ ~ c e s s i o l l  5 single pins, then to the first of a 
group of three pins, then  I, single pins and t o  t he  centre of a group of 8 
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pins, then 5 single pins and  t o  the  last of a group of 3 pins, then 5 
single pins and come on again t,o t he  centre of a group of 5 pins. It 
is immaterial whether we take the  noon line on the  1st.) 2nd. or  3rd. 
woup of thtsee, provided i t  is the  correct one in sequence of the 3 

punctures b u t  i t  is better t o  make suise of t he  s tar t ing position, bv 
setting on the  centre of a group of 6 pin-punctures. 

Move the  b ig  drum,  which should be unclamped, by- rotating 
t'he drum D in a counter clockwise directlion, until the  middle point 
of the 5 punctures on the  dr11n1 comes uncler t h e  wire, by lift ing the  
lid of t he  pen slicle and  looking to  see t h a t  the wire is immediately 
above tlie central punctrire. l'arallax may be avoided bv looking 
through the  tips of the  t8humbs placed almost together centrally in 
front of the wire. Clamp tlie big drum by t ightening the nu t  on 
the spinclle nnderneat,h. Do  not  use too much force i l l  t ightening up, 
as the spindle is liable to g e t  broken. 'L'l~e nut. has a reverse 
action and will tight'en u p  as  soon a s  the machine runs. MTrit,e on 
the clingrani paper t he  following i~ l formal~ion  :- 

Name of Port,. 
Scale. 
l)at,e a,nd t ime of I s t  set,t,ing (whether standard or  local time). 
45. 'I'here are two notches on tlie \vheel in m h ~ c h  tfhe gear lever 

Engaging the gear cngages, one marked R which (~ ives  3 inches of paper 
for  the day, the  ot,l~er, not marked, \vhich gives (i 

inches of 1,al)er to the  day. Tlie mid-11osit~iorl bet'ween these notches is 
neutral. 

Tlie gear clntch frees the gear and enables t'he 1)aper t o  pass 
through freely. 

The  notch ma,rketl H., giv ing  :-I inches of paper is used for the 
tlirlrna,l cl19,rts of all R,iversin 1)orts (except Bassein) , ant1 for t.hr 
tidal cut-vcs of all ol,cn sea,l,o~-ts of \vl~ich only tlie lieigl~t,s are reqrrir- 
etl, the times l ~ a , v i n ~  hecli ~,11*t~atl,v tletermincd by tlic chronogl.a~l)h 
~net~llotl n~cllt~ionetl i l l  pal.a,s 44 ant1 5 .  

If ho\\.e\.tbi- co111 binetl lieiglits ant1 times are ~-ec~ui~.ecl to  be read . . 
for o l~en  seaports, (01- 13a.sscin). from t , l~e  olre cI~a.l*t, the notch ~ I V I I I ~  

the R-iticll scnlc must I,tt ilwtl. 15nqage t'lle gear sriitahle f o ~ .  tlie 
1'0rt. a11(1 l~11.1,(1se reclrtirc,l 1,). c ~ n ~ a g i t l g  tllc gear ]elver i n  the apl)ro- 
p i a t e  nc,t.cl~. 

86. 13efor.e starting, oil all working part,s of tlie machine thorou,ohly. 

TInaning 1 ha mnchlns. . T o  s ta r t  the machine, pu t  the motor switch 
t o  the "start " position. If the motor does not 



turn,  assist i t  t o  s t a r t  by tu rn ing  the  horizontal spur-wheel on the 
machine in a counter clockwise direction. 

As soon a s  t h e  machine is running  at full  speed p u t  the switch 
over to  t,he " load " position. 

R u n  the  machine for  24 hours exactly, t.his is done by watclling 
the  S, dial pointer which does 2 revolutions per day  and  returns to 
the  same position at midnight  a n d  noon T h e  current  should be 
switched off when S, indicates midnight  a n d  t h e  machine will come 
t o  rest shortly before t h e  pointer of this  dial reaches the  noon 
position, as origiually set, t o  which i t  can  be moved by moving the 
spur-wheel of t he  machine forward by hand. 

'llhe wire shoulcl now be  exactly over t h e  noon ~ o i n t  on the 
drum 24 hours f rom the  s ta r t ing  noon point. I f  not, unclamp the 
d rum and reset allowing for  the  l ag  and  t r y  again for  another 24 
hours. Lt is a case of trial  and  error b u t  there should be no diffi- 
c ~ l l t ~ y  in ge t t i ng  it r igh t  in t h e  3 days between 28th. December and 
1 st January .  f rom which the  prediction commences, after which 
the  machine may be allowed to  run on. Whi le  running, i t  may be 
wlvisable to  occasionallj- enter a da te  on the  diagram from the  pointer 
on the  date  dial. 

After  SR9 days s top the  machine a short  t ime before local or 
stsnt1a1.d mean noon 1st 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 shu t  off wherl the S2 
pointer is about  180' f rom i t s  final reading on the  last  day. 

47. The  machine has t o  be brought  u p  t o  local mean noon on the 

(1) Prc>csdnl.e date  above mentioned in order t o  check pen height 
finppo~ine local nierro R:3 and phase angles af ter  369 days motion 
rlnon is the e~rliel . .  against  t l~ose  computed in form 1 Tid. Pred. This 
is  effected by moving the  spur-wheel of the  machine forward by 
hand till t he  3, dial pointer reads the  value c' for this particular 
component on form 1 Tid.  Pretl. 

T h e  phase angles are  now all  checked aga ins t  the  computed 
valties given on the form 1 'llid. Pred. They should all check within 
half degree of t he  correct value. An error u p  to half a degree 
may occur owing t o  play in the gears or in the pointers. 

I n  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  mr( l  between the  pulleva M. N & B N is pulled outwards, 
OU. king taken t h a t  the  cord mttle, back in the grooves. Thi@ 



has the effect of raising the cord and tracing the noon line on the 
diagram. The intersection of this line wit11 the curve is the point. 
to which the pen-height above mean-sea-level is nleas~lred by means of 
compasses wl-leu the curve is con1 pletecl. 

The machine is again run forward by hand as before till the So 
dial point,er reads the value of r' for t 'l~is con~ponent for standard 
time, the cord being drawn out as previously to  mark the standard 
noon. The standard or local t'irne line (as tlie case may be according 
to which was adopted iu setting up) slioalcl agree with t,he line drawn 
between the l3unctures representing noon 011 the diagram. 

48. It is obvious t'hat tlie process lias mere]:- to be reversed i . e , ,  
( 2 )  Procedure the ulachine lias to be stopped and the st,andard noon 

supposing standnrd 
is  tile line marked first, ancl t,l~en i t  has again to be run 

on by hand to the local mean noon to mark this 
latter tinle and to  obtain the checks of pen height and phase angles. 

49. The machine is now allo\vecl to run on by means of the motor 

Conclusion of curve. for a day or so before talting off the curve. In 
leal) years the dial, t l~ough indicating January 1st) 

is only a t  lloon 31st December and i t  is essent,ial a t  least to run till 
midnight of the 1st January is past, so as to ensure that  no higli or 
low-water curves are missed up to tlie terminat.ion of the year's 
prediction. It is as well however, whether predicting for leap years 
or otherwise, to run the machine for a clay 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 n~achine when about 1 8  

Cllanging papel. 
while aellrve, inches of tile old p p c r    till renlains clear of the 

big drum C (vicle para 35). 
Pu t  on the new roll, cut  the free end of the paper straight and 

pass orltside the old paper ronnd C,I-linrler B anrl between the old 
paper and drnni C. 

Now run the ~nachine and prehs the free edge of the new paper 
keeping i t  vrr t ica~ between the old paper ant1 drum C until i t  is 

gripped by the time points and carricd round. 
When i t  emerges between C and D p11lI geiltly on it and pass 

round D until it is gripped tl~cre. Care sl~orlltl be taken that the 
new 1Ial)er is correctly datetl, anrl name of port, scalc, etc. inserted. 



61. Setl i t~g ajttZ running the machinetfor t iwe w i t h  the chronograph,. 
This method has been introduced with a view to 

Method 2. 
obtaining more accurate measurements of the predic- 

ted times of high and low-waters for open seaports. 
52.  The chronograph drum has first t o  be carefully levelled up, 

aligned and its spindle attached to  the spindle of 
Lerelling and nt- 

taslling C~,rooo- Urol,l. the  S, dial and the  connecting screw tightened 
up. 

The clrum should then be run t'o see if i t  runs smoothly. 
53. Put the  paper carefully round the Chrono-Drum, seeing that 

the overlap is well turned i11 and the paper fits 
Fixing paper on the 

Chrono- ~ m m .  t ightly \vlien the  paper is pasted do\vn and the clips 
are p11t on. 

5 .  The contact-wheel shoulcl now be substituted for the ink-pen 

Fitting contact-wlleel. on the  pen-box, and the  latter suspendecl by its 
central, (or other), hooli, vide para 32. 

The little contact strip with projecting copper contact, which 
is a thched  to  a small st,rip of wood for the purpose of insulating, 
may now be placed in position ancl clampecl on the  line correspon- 
ding, to  t,he mean-sea-level riz, about 11 or 1 I 4 inches from the 
bottom of the pen guide. This clamping sho,~lcl not be done .too 
tight,ly as there is a danger of the pen-box jamming in the  guide when 
running. It should hotvever be just sufficiently t ight  to  give a good 
contact without checking the  free motion of the pen. 

5.5. Electrical connections should now be macle as sliown in the 

Electrical connections. diagram opposite. One connection in the circuit 
should be left open till actually requirecl for use 

in order to save current. 
56.  Unclamp all dials and set all dial pointess to DO" or 270'. 

~ettingcantoct-wheel The anlplitade scales, both main and vernier, sl~ould 
OD pen-box to now be checked t o  see t h a t  they read zero. 

Nbw ewing the  35, dial pointer slowly from 0' down towards 
270°, counterclockwisc. IF the contact wheel is in correct 
adjustment, a click sho~ild be lleard on the relay t,hs instant the 
M, dial pointer reaches 270". I f  tlle click does not oecllr precisely 
at this point,, the wire to  which the pen-box is attached, rn~lst be 
l eng thend  or shortened by naclamping ancl turning the milled 
rcrew t o  which the fixed entl of the wire is attached, go as to 
raise or lower the contact wheel until  ati is factory contact ir obtained- 
Clamp t e n h t i v e l ~  and test contact by moving the MI dial 







pointer as before, counter clockwise from 0' t o  270' and  again clock- 
wise from O0 t o  90°, seeing t h a t  tlie click occurs exactly at 270' a n d  
90' respectively. Repeat  t he  arljustment until perfect T h e  object 
in swinging the  dial pointer counter clockwise and clockwise as  above, 
is to ensure t h a t  t h e  same point  of the  nrlieel comes in  contact with 
the copper s t r ip  in each case. Couseqnentlj-, when the  machine is 
run, the first contact,  \\rhich is recorclecl when tlie pen-box is running 
downwards, is made by  tlie same point of t he  nrlleel a s  the  last  
contact, ivhen the  pen-box is running  upwards. Now when the  
pen-box is running downwards, high \vater is being recorded, so the  
commellcelllent or t he  break on the  chrouo-drum represents the  t ime 
of high-mnter, arlcl when the  pen-box is running iip\vards, low-water 
is being recorded, so t h a t  the  end of the  break on the chrono-drum 
represents the t ime of low-water, and  these are  the points t o  which 
nleasurements a re  afterwards made. It is important to  see tha t  the  
low-water contacts a re  not  dragged i.c.-that the breaks on the  chrono 
diagram terminate t h e  l n o ~ n e n t  the low-water contact is completed. 
For this purpose i t  is aclvisable to  make the co~l tac ts  as  l ight  a s  possible 
and to  have a fairly s t rong  spring on the pen on the chrono-drum 
to p111l the pen Iacl; imlnediately the  co:~tact terminates. 

57. Tlie amplitudes slloulcl now be set  a s  explaiced in para 40 

Setting nmplitncles. 
bu t  to  the  valries given in  Form 2 Tid. Pred. T h e  
pen height  should then be checked in t he  ordi- 

nary manner or by measuring the  height  of the  contact- wheel above . . 
the contact strip nlitIl a of compasses gr111111ng them with a 
piece of cloth so a s  to  avoid an  electric shock, ancl comparing this 
wit11 tlre comprltetl value of R, from Form 2 Tid. Pretl. by measorement 
on a cliagonal scale. 

58.  The  dial pointers are  now set, as  explained in  para 4.2 bu t  to 

Setting tlinl poirllers. 
the  values given in Form 2 Tid. Yred. Check the  
height  of tllc! contact wheel, as above, aga ins t  

the computed value of R,. 
59. If t ime is recjr~irod in standard time, move the  machino hy 

Scbling 1 0  S tn l l ( , -  hand till the S, dial pointer ~ i v e s  the correct 
arrl t,ime. reading for  standarcl t ime as  in para 43. 

GO. Set the da t e  dial to  reat1 28th  December before running 
Setting thc d ~ t e  dial, tIhe machine. 

t i  1. Close chrono-cimoit, ink 1111 chrono-pen, press wires adjoining 

M, component so as  t o  cause a contact between 
preliminaries to 

running. contact wheel and contact s t r ip  in order to  record 
a click for position of noon on chono-sheet*, thie 
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also tests both electrical circuits on the  machine and  the  chrono. 
3Tark name of port, (late a n d  t'ime (stanclarcl or  local). 

62. S t a r t  t he  machine waiching the S, clial pointer which does 2 

Hnnning the machine  evolutions per clay, ancl returns t o  the same 
position at midnight  ancl noon, t l ~ e  current being 

- 

switched off wlien S, inclicates micliiight. T h e  machine will then 
come t o  rest  shortly beEore tlie pointer of this  dial reaches the noon 
position a s  originally set, t o  wliich i t  can be niovecl by turning the 
spar-wheel of the  machine forwarcl by hand. 

T h e  tapper  is then pressecl so a s  t o  recorcl t he  2nd noon posi- 
tion, repeat this  opei-ation until  all l a g  is taken up, and the  iloon 
position on successive days  remains unchangecl. 

Af te r  this  the  machine can be allowed to  run on. Mark the 
high ancl low-tide breaks for  a few clays only on the  chrono diagram- 
Iiigh-tide, fall ing pen, with recl challi-low-ticle, rising pen wit,ll blrie 
chalk. T h e  remaining breaks can he chalked up in continuation of 
those already market1 af ter  the diagram is removecl. 

A man may be tlien left  s tanding aloligsicle to  see tha t  the 
recording fouritail1 pel1 is inking properly arrd t o  look after the 
machine gerlerally before it reaches the  end of n elisgrain. 

Before changing or removing a diagram the  machine must  be 
stopped and  run  n p  bj- hancl a s  before till S, reaches the  correct 
11oon position as  dtbscribed l ~ r e v i o n s l ~ ,  a mark being made by pressing 
the  wires acljoining the 31, component togelher so as to cause 
n contact between the contact wheel and  contact s t r i p  and  .thereby to 
record a click correspotling t o  t he  final noon line. 

'rhe diagram can then be renioved by releasing the clips and 
tho paper along tlie 0 hour line on the  chrono-(lnln~. Shollld 

i t  be necessary t o  revolve the clrnrn in order t o  tlo this, t he  reatling of 
the  S, dial rnllst be carefully noted before i t  i~ unclarnped an(l the Sl 
dial revolvetl in a clocliwise direction to  avoid hacklash when restarting. 
'Phe new paper can then be pot  on and  the  S, dial pointer brought 
back and cla.mped to its previous reacling. 

Wri te  on the new diagram the  name of the port and (late and 
carry 011 as before, nlarking the noon positions ( r t a n d a d  or local as 
required) for the lnt ,  2nd or 3rd clay, till all the  lag of the d n i m  is 
taken up and  again before removing the sheet. 

When  the wllole year hae been run, the  checking of the dial 
reading0 of the machine af ter  869 days at local mean noon is m.de 



as in para 47, the  check of the  height  of t'he. contact wheel correspond- 
i ng  to  the  pen check, being carried out  as  described previously. The  
machine is then  rill1 u p  t o  midnight  of 1 s t  January  (31st  Dec. i n  leap 
years) and the  final char t  removed. 

63. I n  the  event  of ally accidel~t~al stoppage of the machine when 
running  6.9. :-on account of a snappecl wire, missed 

Setting dial pointers 
i n  the tile C O L ~ ~ R C ~ S ,  or other irregularit,y, i t  is convenient be 
year acci- able t'o set  tlie dial pointers f o r  the  commencement 
dental stoppage. 

of a n y  particular month, rather than to  re-run the  
whole ticla1 curve or  Chrono char t  from the  very commencement of the 
year. 'L'he table X X I I  a t  the  end of Chapter I, n7liich is based on the  
speeds of t he  tides, will be fount1 verjv useful for this  purl~ose, as  the  
angles given in tliis table liave only to be adcled to  or subt~*acted from the  
original phase angles (360'- 5)  or (360'- c+ 90') on the Forms 1 and 2 
Tid. Pred. rtbspectively to  obtain the appropriate set t ing of the dial 
pointers for the first of every inont,ll, the amplitucles set  on the front  
of tile machine remai~i ing  nllcl~anged. 

64. 'I'n~o otlier nlcthocls of r u u n i ~ i g  tlie machine, which are 
sometimes n e c e s s a ~ - ~ , '  ale incluclecl in tlie abstract bf the ordinary 
nletliods of r u ~ i n i n q  the lnac l~ i~ ie  given in t he  following table, bu t  as 
they are  both similar to  Rfetllod 1, illere is no need to  describe them 
sepw ately in detail. 



ABSTRACT OF PROCEDUSE ADOPTED 

Method 1. 
To obtain a Height chart,  o r  n Height and Time 

chart combined. 

Suspend pcn-bos with pen, by central or other 
hook. 

Put  pnper on drum, fill pens wit!] inli, set 
mean-sea-level and datum-line pens. 

Set dial-pnintera to or 2700, see the 
fixed at 02; check amplitudes 
read zero ; set psn to mean-sea-level line. 

Turn dial-pointers to  0' or 180°, so tha t  the 
screw-heads of all the micrometer boxes in front, 

i n t  downwnr,ls. Set alllelitudes from 1 Tid. 
$red. and check positilr  of . (All pen checks 
should agree within 0.05 incy";t 

Set dial-pointers from 1 Tid. Pred., clnmp, 
then check dial-pointers and height of pen. 

If standnrd time js required, move the 
machine by hand till S, e v e s  the correct reading. 

Set dnte din1 to read 28th December. Clnmp 
up drum with wire over the  centre point cjf the 
group of 5 points on the drum. Mark name of 
port, dnfe, tilne scale of chart. on for 
24 hours and check position of correcting 
if  finnlly the vertical noon 
line by ullin; the wire between 31, N & 2i.4 to one 
side rill$ releReinX the wire. ,gee lag ia 

Up the before the 
luencelnent of t,he yenrPcl col.rectillg 
the po~i t ion  of the drum each day if necesslury, au 
before. 

NOTE:-For heisht only, t.he 3-inch ucale, mark- 
ed R on the gear wheel, is used. For  height and 
time, the 6-inch uale .  

-- 

Check dial-pointers and height, of pen af ter  
339 days nt L. >I .  N. from 1 'rid. Pred. Run t l ~ e  
mrc),ine on for ,, day or remove 
the chart. 

Method 2. 
To obtain a Chrono Sheet. 

Suspend pen-box by central or other hook, 
and see the  contact-wheel makes proper contact. 

Pu t  gaper on chrono-drum, connect up elec- 
tric circuits leaving chrono-circuit open. 

Proceed as in Mtthod 1 for setting dial-point- 
clleckin: amplitudes. Close cbrono- 

Circuit set pen t o  give contact the instant 
M, poiuter wheu moved clockwise from O0 to 90°, 
reaches 90°, o r  counter clockwise from O0 to 
27U0, reaches 270°. 

Open chrono-circuit luUd proceed O n  in Me- 
thod '* that are set up 
2. Tid. Pred. Check position of pen. (A11 pen 

should agree LI.03 

Set dial-pointers from 2 Tid. Pred., clsmp, 
then check dial-pointers and height of pen. 

Proceed an in Method 1. 

Set date dial to  lead 28t1h Dec., clone cllrono- 
circuit, ereas cords adjoinillg M, dial together 
for position of noon on chrono-sheet, mark name 

FO'~, date and On sheet' R1ln for 24 
ho"rs uncl PreEfJ cords adjoining M for 
position of :?nd. noon, and repeat until the noon 
position On successive remains llnchanged. 

EzkcE&! ~ $ h ~ ~ ~ ~ ~ ~ l l ~ ~ ~ ~ l ~ ~ ~ -  ~ ~ ~ - t ~ ~ ~ m  
rising pen# 'Iue' 

-- 

Mark noou oaition a t  end and beginning of 
each nni write date and nnme of port on 
each sheet, check dinl-pointers after 360 dnys 
a t  L.M.N. from 2 Tid. Pred., n11d run on ma- 
chine for a day or 80, then remove chrono-eheet. 



IN RUXNINO THE MACHINE 

Blethod 3. 
To obtain a Diurnal Chnrt for a Riverain Port. 

Method 4. 
To rend Heights direct. 

As ill Method 1, except t h a t  no Datum-line 
is required. 

As in Method I. 

Fix the wooden scale for measuring on the 
pen-guide by proppinz up the lid of the latter 
on, say, another wooden ruler, before tying the 
ineasuring scale in position. 

As in Method 1. 

Proceed as in Method 1. 

Proceed as in Nethod 1 lor tlet,ting dial- 
poiuters oud checking amplitudes. Set pen by 
the wooden scale to  d v e  the value A, from 1 
'Iid. Pred. (Distance between M.S.L. nnd datum 
for the particular port : t,his is also given in the 
Tide-tables nud in table XXI nt the end of 
Chap. I ) .  The pen is not nctually visible but 
n poilit on the back of the pen-box opposite i t  
is Inensured to. 

Proceed as ill Method 1. The 16 amplitudes 
uot used, should all be set to  zero. 

In  checking the pen height, subtrnct A,froln 
the  height of the pen by the scale and lnultiply 
the result by the factor C (vide tnble xxi). 

I 

The value sdobtaiued sllould ngree with R p  on 
the Form I Tid. Pred. within 0.05 inch. 

Proceed as in Method 1.  

Proceed ns in Method 1. 'I'he 16 dinl.poin- 
ters not used, need not be set and should be left 
unclamped. 

Proceed ns in Netliod 1. 

Proceed as in Method 1. I Proceed ae in Method 1. 

Proceed ns in Method 1. 
NOTE :-For a Diurnal chnrt the %inch scale 

marked R on the gear wheel is wed.  

Set date din1 to read 28th December. Run 
the machiuc, checking the 1st. few height 'ead- 
ings ngniust those published in the previo~~e 
years' 'L'ide-tables, recording from lnt. January 
onwo,rds in the folm for the purpose. A 
has t,o be recorded by eye on an nvemge every 7 
seconds. A t  t,he end of n month it is ndvisnble 
to  stop the machine and oheck the clifferences of 
nlternnte tides, if any error ie detected, it can be 
corrected by interpolation. 

1V.B. - This inellrod is tireaome to the obaaruer 
avd ir  not recommewded. 

Proceed ns in Method 1. 

Check dinl.pointers and l~elpllt of pen nfter 
369 days nt L. M. N. from 1 Tid. Pred. Run 
on ~nnchine for n dny or so, recording the heiglltr 
am far as required. 



63. 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. 
height aud t.i&e com- The arrangement of perforations is as shown bined. 

in the  diagram facing page 16 Chapter 111 :- 
O n  the  small scale each arrow indicat'es a noon perforation on 

t lie diagram. 
O n  the  large scale tlie chain clotted arrows mark noon and the 

lirm line arrows midnight. 
I n  both cases the latter are the  best ones to join up. 
These lines have to  be rulecl in the  case of diurnal charts for 

riverain ports, and in all cases where times have to be measured on 
t,he charts ; but  if tlie charts have bee11 made solely for the purpose 
of measuring heights tlie chart should be datecl a t  the proper perfora- 
tions in orcler t o  facilitate entry of the heights according to date. 
It is not absolutely necessary to  rule lines in this case, though 
sufficient care shoulcl have been taken in running the chart for the 
tinlings to be al~proximately correct. Though these times are not 
actually required for record, they serve as a rough check against 
those obtained from the chrono-sheet. 

Dinmal Charts are run for all Riverain ports (except Bassein) 
on the small scale ancl these require the  time lines ruled up. 

Measuring the diagram times sho~~lc l  not as a rille be measured 
from the small 3-inch scale diagrams, run for height only, as times 
from these small diagrams are liable t o  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 vicle para 24. 

66. Times on the  large or 6-inch diagrams are measured from the 
midnight lines using the ivory edged scale vide 

Beading of timee. 
para 23, which are graduated t o  6 minutes but  

which can be estimated with care t o  within 3 minutes. 
67. After the times have been read and recorded on the appropriate 

Reading of heigl~ts. form (4 to 8 Tid. Pred.) either from the 6-inch 
height and time diagram as above, o r  from the 

chrono-sheet, the heights are read from the 3 or 6-inch height diagram, 
rising t.he correct scale for the port in cluestion, vicle para 26. 

68. When both heights and times are read from the one diagram 
smoothing of the  readings is not absolutely necessary, though this wafl 
usually carried out in Englnod by the intervals, rising to 



maximum and lowering to  minimum. Corrections, if applied, should 
never exceed 5 minutes. The fact of the  heights and times increas- 
ing ancl decreasing by graded intervals is of great assistance when 
reading proofs of tide-tables, as, by t'aking o a t  alternate differences, 
errors can be easily detected. 

The results of predicted times and heights for open sea ports have 
in the past been found t o  agree well with actuals, about 75 per cent 
of predictions being within 10 minutes in time and 90 per cent within 

inches in height. 
69. Using a sharp hard pencil (4  H), rule up the noon line ancl 

mark i t  12  hours. 
Ruling up  chrono 

sheet. Wit'h dividers obtain the  4th. part  of one com- 
plete line on the sheet, which is about 22 inches long. 

This represents 6 Ilours in time, step this off each way from the 
noon line at  top ancl bottom of the sheet, and rule up marking the  
lines respectively 18 hours, O hours, 6 11ours. 

This can also be done on the chrono-sheet while i t  is on the 
drnni by  making use of the S, dial pointer, the machine being moved 
by hand and stopped a t  every 30 degrees from the  first noon or 
midnight line, and the recording pen of the chronograph made to rule 
the successive hour lines. 

0 Note on the blank space on the left of the slieet :-(in red 
chalk) " Measure high-tides to left of break "; (in 

Note60nthechrono blue chalk) " Measure low-tides to right of break ": 
sheet. 

line up high-tides with red challi and low-tides with 
blue chalk in continuation of those marked when running the machine. 

Enter  dates a t  intervals along the noon line and edges of the 
sheet. (N.B. The date changes as tlie line crosses the 0 hour or 
midnight line). 

Roll over the chart ar~cl 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 reacl, or even missecl, a t  these points. 

7 1 .  When tlie times of hig11 a11d low-water are preclicted by means 
of the chronograph slieet for certain ports which 

Chrnno ~ l l e e t  for have complex tides, it will be sometimes necessary 
port a with co~lll)lcx 
tides. t,o refer to thc height chart corresponding, t.o 

interpret the chronograpll sheet correctly, and to  
ascertain which is the lowest or highest point reached I)y a tide, and 
in some cases which is the: lowest of successive low-waters on the  
same day. The following ports in particular have sr~ch peculiarities :- 



Suez Bhiivnagar Galle . 

Aden Kiirwiir Trillcomalee 
Perim Porbandar  Colombo 
P o r t  Albert  Victor Tuticorin Piimban Pass 

I f  such peculiar t ides occur, mark  those breaks on the chrono- 
sheet  which a re  t o  be measurecl and  t,hose which are  t o  be ignored 
af te r  examination of t he  height  chart .  

I f ,  a s  at Aden, there a r e  occasions when there is no inferior 
high- nor low-water, there will be no break formed on tihe chrono- 
sheet at these times. T h e  remark " N o  inferior high- nor low-water " 
should be written on t h e  line on the  chrono.-sheet. I n  publishit~g the 
hei,rrhts ancl t imes of such 1,icles as  these, when there is slack water, 
i t  is cnstomary t o  pr in t  t,hem in a special type  ancl mark them with 
an  asterisk t o  denote t he  peculiar nature of t he  tides. 

I f  contact has failed at any  t ime and  there' a re  no breaks 
where they  shoulcl be, interpolate the  markings by  means of a pair 
of compasses, af ter  comi3nrison of t he  breaks before and af ter  the  
missecl contact,  gracir~ally increasing or  reducing t h e  interval as  the 
case may demand. It is not arlvisahle t o  interpolate too many missed 
intervals ancl i t  is be t t t~ r  t o  rework the chart  if too *many contacts 
have been missecl. 

72. T h e  high ancl low-waters shoulcl be read in t h e  actual sequence 
in which they occur and  commencing each day 

Rending the Chrono- 
shect.. with the tide t h a t  immecliately follows midnight, 

and  not by the  slipshocl method of reading first all 
high-waters ancl then  all  low-waters, a s  mistakes in recording are ap t  
to arise. 

T h e  times on the  chrono-sheet can be read with ease t o  the 
nearest, minute,  and  the  result should be correct to  within two minutes. 
T h e  gt-eatcst probability of error is a t  neap tides. 

T o  prevent mistakes in recording, the  reader should call out  the 
individual figures of the  minutes e..9. t he  t ime 2 hours 50 minutes 
should be called ou t  "two Ilours five nought.". I f  he said "fifty" the 
recorder migh t  pu t  down " fifteen". 

From the  chrono-sheet for a port t he  times are read ancl 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 thu height chert. 



73. T h e  Diurnal charts  for  Riverain ports (which have been run 

DispossI of Diurnal 
with t he  8 diurnal components 2M,K,, J, Q, P, 

charts. M,K,, S,, K, and  0 only), is utilised for  correct- 
i n g  the  values of height  and  time obtained by 

direct computation for  the  semi-diurnal tide, so a s  to  include the effect 
of the diurnal tide a s  explained in paras 129 to  1.72, Chap. I. The  
diurnal charts  aw therefore passed t o  the  Hiverain computers after 
having been son on the  machilie, and ruled u p  and dated as  explained 
in para 65. 

74. I n  addition t o  the  lnetl~ocls of using the tide-predicting machine 
already described, a new device bas been originated by Dr .  J, de Graaff 

Hunter,  M.A.,  Sc. D., F. Inst .  P., whereby the  height 
Prediction by mul- 

tiple contact. of water at any t ime in  tidal prediction can be 
electrically registered. This  has already been' re- 

ferred t o  in para 5 .  A fu l l  description of tlie nlethod is given below :- 
The tide-predict,ing machine ordinarily traces a height-time curve 

on a roll of paper some 22 inches wide, b y  means of a pen carried by a 
wire which passes over and  nnder the mlleels of the 24 "components." 
T h e  t ime scale generally employed was G inches = 21 hours It was 
found t roubleson~e t o  tlie personnel available t o  read off times of high 
and  low water f rom the  curve with sufficient precision. There is naturally 
some vagueness a s  t o  the  precise moment  of m a x i ~ n u m  or mioimum; 
bu t  though this  does not  necessarily cause any  serious flaw ia the  result- 
i n g  tide-tables, i t  rende:.s tlie ordinary system of checking 1)roofs (and 
the  measurements and  copy from which they have resulted), by  the  
method of reading the differences of times of a1 ternate 11igh-waters, 
much more t,roublesome. 011 this accoullt i t  nras at first t h o u g l ~ t  desir- 
able t o  rnii off a seconcl curve-the cliffel-ential with regard to  time of 
the height-t,ime cnrve-whose o ~ d i u a t e  vanisl~es at the time of Iligh or 
low-water. This  was soon made more convenient by dispensing with 
t racing the  curve, and causing the  pen to  break an  electric contact when 
crossing the zero-line, I l ~ i s  event being recorded on s chronoglnph-drum 
actuated by the  S, component. It was then seen t h a t  a similar arrange- 
ment  with f j ~ u / / i ~ , / e  colltacts corrcsl~ontling to  saccessive values of ordi- 
nate  con]tl convenient]y be mntle t o  record the main character of the 
ordinary heigllt-tinIe cllrve. This  arrangement  indicates the times tho 
predicted hciallt, of water reaches t . l~e various selectecl heights, e . 8  with 
a tide range of 1 B feet,, i t  may he c o n ~ e l ~ i e n t ~ l y  arranged tlo show the  
times of t he  \vat,er reaching ever?/ whole foot ?j' height above dutum 
throtcyhowt the  wlrole range. It was tllougllt t h a t  this information 
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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 a t  intervening times. 

7 The arrangement now to  be described was made with this object 
in view. As will be seen from the diagram opposite, which shows part 

of a chart for Bombay, the time of water reaching 
Nnltiple contact 

chart. each foot is shown by a notch in the clay 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 a t  any time at Bombay, 
1925 ; also Times and Heights of all High-Waters and Low-Waters. 
Local mean time (correction to Indian Standard Time 54 hours E. of 
Greenwich is + 39 minutes). Heights refer to  datum of soundings on 
charts. 

Expla~tntion. 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 a t  which 
the water is 1, 2, 3 , . . . . . . f ee t  above clatum. When the notches are 
upwards - I ,  the water is rising : when they are downwards 
U- the water is falling. There are gaps in the horizontal line 
when the water is 8 . 5  feet above datum (about mean-sea-level), accord- 
ingly the height of an upward notch to the r ight  of a gap is 9 feet 
above clatum ancl an upward notch to the left of the gap is 8 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 
indicated by any notch may be found by counting from the nearest 
gap 9, 10, 11 . . . . . . . .feet for rising water and 8, 7, ti.. . . . . . ..feet for 
falling water. The process is illustrated in the bottom line of the chart 
for the day 31 Dec. 1924. 

7 6. Examplea. 

( i )  What  is the height of water on January 26 at 3 hours 
30 minutes? 

Follow horizontal line for Janiiary 26 to meet vertical line for 
3 hours. Here the notches arc downward, indicating falling wat,er 
and the height of the water at 3" 30"' is between 9 and 10 feet: by 
wtimation it is seen to be 9 . 8  feet. 







(ii) When will the water height be 10 feet on February l o ?  
Following line for February 10 there is seen to occur- 

at 03h. 12m. on falling tide 
10  144 rising ,, 
14 22 falling ,, read off complete chart 
22 1 2  rising ,, I 

(iii) W h a t  are the time and height of first high water on Jan. 30? 
It will be noticed on the chart facing p. 30 that  the heights of high 

and low waters are entered in figures to one deci~nal of a foot. The 
position of the decimal point indicates the time of the occurrence. The 
method of ascertaining these times ancl heights is described with 
reference to the diagram below and scale opposite. 

First note the change of tide and bisect the distance (t, or 2 t,) 
between the ticks on either sicle of the change and put a dot, which 
is the point sought. 

Next., to calculate the height pnt  the black zero line of the scale 
(sample opposite) vertically on the tick jrist to the left of the dot and 
t,race along tho cnrvc from the next left tick ancl t.llen along the hori- 
zontal line until i t  cuts the vertical line from t ' l~e 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 heigl~t  may be read 
off-lower figures for high water and llpper figures for low waters. A 
reference to the scale opposite will make this clear. 



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 12". 

77. The principle on which the scale for making these measure- 
ments is based is as follows* :- 

I f  the tide be considered as a simple harmonic tide a t  phase angles 
81, 8, corresponding to  times t,, t ,  reckoned from high-water, 21- being 
the height of H. W. - height of L. W. and A the height of M.S.L. 
above datum = 4 (height of H. W. + height of L. W.) :-vide figure 
below, in which r is the radius of the circle, and its centre A feet 
above datum. 

Then the heights a t  times tl, t, are A + r cos 8,, A + r cos 8, 
respectively. 

As these differ by 1 foot 
1. (COS Ol-cos @,)=I  f t .  

Now the tide rises a further distance (say) -x ft.  above 
the last complete foot to  its maximum. 

Therefore r - r  cos 8, = .x f t .  
Now if O X  were as great as a whole foot we woulcl have 

or 2 cos 8, = 1 + cos 8, 
- - - - - -- - -. - .. - -- -- - . . - - 

T h i ~  principle is also applicrrl~le to finding the height oE water at any l ime wllon 
the time of H. W. and I,. W. is given, RR, in t h i ~  case, 

Height = A + r cos h or A - r cos h' - 

Interval frorn H.W. wllere h 180" 
Duration of riee or fall 
Intel-va1 frorn L.W. h' r lwO x -- 
Duration ofrise or f n l l  



whence b y  expanding 
e,2 2-@,2 = 2 -  - 
1.2 

0 1 7 whence A= = J 2  or roughly - 
8, t 1 5 

Similarly t h e  relations between 2 - 1  -- may be found if *x is 
fit, 

I 

9 , .  8,. 7, 6,. . . . . . . . . . . . 1 f t .  and the  angle of inclination of the  lines 
representing ~ 9 , .  8, - 7 . .  . . . . . . . . . .1 f t  determined for purposes of cons- 
t ruc t ing  the  scale. 

78. T h e  chief clifficnlties enconntered in this method of chronograph 
registration of multiple contacts were in making  the  

Difficnltiea in mul- 
tiple contact system. contacts certain in action, while keeping friction 

fol-ces very small, especially for  those curves where 
the duration of contact mas very small owing t o  rapid fall or 
rise of the curve. I n  this connection it may  be noted t h a t  the  wire 
which actuates the  tide-curve pen is essentially of small diameter ( -005  
inch was generally nsed) and is 32 feet long. A small variation in 
tension of this  wire extends i t  visibly, while if a thicker wire be used 
inaccuracy arises owing to  this not  being sufficiently flexible t o  fit close 
t o  all t he  wheels over which i t  passes. As regards duration of contact 
it is t o  be mentioned t h a t  the  chrono-paper passes at the rate of about  
23 mm.  per second, and  t h a t  a whole jear's prediction is dealt  with in 
about  24 hours. 

79. I n  the  figure shown on page 34, AA is a brass plate which is 
attachecl to  the back of the pen of t he  tide machine, 

How Contucta are wit]l which i t  moves u p  and down when the machine arrmlged. 
is set  in motion. BR is a bell-crank lever provided 

with a pivot b carried by tile bracket C and  the plate AA. The  horizontal 
a rm of I1B carries two platinum points P,, P, near i ts  left  end at:d the 
vertical a rm carries at  i ts  lower extremity the  wheel W,. There is a 
second wheel W, \\rhose pivots are  carried by the plate AA and the 
bracket 1). Tllese two wheels wl, W, roll on the  edges of a fixed 
brass s t r ip  SS, being maintained in contact by the  pressure of a spring R. 

T h e  str ip  SS is shown in dotted lines, being in front  of the  plate 
AA and the horizontal arm u ; it is of accurately uniform breadth, and  
is  lotted st intervals of an  inch for the pieces k,k. It is made of 
T-section to secure rigidity, and the pieces k, k are adjusted laterally by 
screws working in the member of the T. The  pieces k, ) are 



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, k ,  and rocks the bell-crank lever, causing 
the platinum points PI, P, to move slightly I I ~  and down. 

Tlie part EE bears two platinum point,s Q,,Q, in its upper and 
lower jams, Q, being acljustable in the direction of its length. This part 
has a pivot i with insulating bnsh, and is balanced by the counterweight 
m. I t s  motion is restricted by the ins~ilators 1,,12 mounted excentrically 
on the two screws GI,  Crz. These screws are sufficiently tight-fitting to  
maintain their position, and by torning them to suitable positions the 



rotation of EE is regulated a s  desired. EE is actuated by the  
friction of t l ~ e  fixed wire FF, which lies in a groove cu t  in EE and 
also bears on the  two pallets Hi, H,. These pallets are borne on 
arms which can be rotated, and  by this means the  drag  of t.he wire 
on EE can be adjusted; this  can also be done bv modifying the 
tension of t he  wire FF. T h e  wire FF is attached t o  the  frarne of the 
machine a t  the  top  of t h e  pen slide by means of a n  insulator and 
passes through another insulator a t  t he  lower end of the slide, being 
kept in tension by  a n  attached weight.  It makes metallic contact 
with EE and  forms a portion of t he  chronograph electric circuit. 

It will be seen t h a t  when the  plate .4A is ascending the  upper 
jaw is pressed aga ins t  t he  insulator I1 by  virtue of the drag  of the  wire 
FF, while wlien A A  is descending the  lower jaw of EE presses aga i~rs t  
I,. The  following events occur when A H  is set  in motion: 

(1) A A  ascending; E is pressed against I,. Platinum points Pi, Q, 
and P,, Q, are not i11 contact until wheel W, rides over one of the 
projections k,k, when I?, makes contact with Q,. 

(2) A A  descending; E is pressed towards I,, but  is held slightly 
away from it by  the platinum point Q1 bearing 011 P,. When W 1  rides 
over one of the  projections k,k,  PI separates from QI and E 1)resses on I*. 

The  terminals of the chronograph pen circuit are  joined to the strip 
SS and the wire FF respectively. It is obvious tha t  theeffect of W ,  
riding over a projection k is t o  wake cil-cuil in the case of AA rising ; 
and t o  hrruk cl'l*,-?~it i11 the  case of AA fall ing. This  is represented on the 
chart  by i l -  and r - I respectively. A change of' direction of 
motion of AA,  which corresponds to  high or low water, is it~clicated by 
! !  and 1 ; b u t  owing t o  var ia t~on in tension, and hence in 
length, of wire, the actual t ime of this e ~ e n t  is somewhat displaced. In  
order t o  provide a reference point, frequently repeated on the chrono- 
sheet, a n  additional electromagnet has been introduced, wli~ch lifts the 
chrono-pcn fro111 the  paper when contact is established, making the 
i n d i c a t i o ~ ~  - - 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 pausing. 

T h e  chronograph is of the  drum variety, and i ts  shaft  can be 
coupled t o  the square shanks of anyone of the 24 tidal components. 
IIitlrerto the  component used has been S,, so t h a t  the lines of the 
chrono-slreet correspond to 24 hours. 



80. It may be of interest to  state tha t  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. Ink ing  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. 

' Bupplied by Mr. A. Munro, 65 Preston Road, Winson Green, Birmingham. 
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